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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 a. 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 a. 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 a. 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 � 

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, cGM P 

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 a 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; Iyengar and 

Birnbaumer, 1990). Heterotrimeric guanine nucleotide binding proteins (or G 

proteins), consist of a, p, and y subunits, each make gene families (for review 

see Iyengar 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. It is 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. 
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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 = - /n(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). 

Cal culation of Nonsyn onymous an d 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. 
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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, GPA 1 (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 analysis, 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 llorphanll 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 

llanisoforms��. 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; lwabe 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 isoforms11• 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 llanisoformll receptors, although it had only one or a few 

��tissue specific isoformll 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). 
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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 115, 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 �3 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 q may explain some part of the 

differences. 

G protein a subunits Heterotrimeric guanine nucleotide binding proteins 

(G proteins), consisting of a., �. andy 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 GOP 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/1 a and G/2, and initiation factor 2. 

Forty-five amino acid sequences of G protein a 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 a 

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 a 

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 a subunits. 

First, animal a 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 ai1, 2, and 3, inhibiting adenylyl 

cyclases, made another cluster (Fig. 4(b)). aq, y, 14, 15, and 16, recently 

probed to activate phospholipase C � subtypes (for review see Sternweis and 

Smrcka, 1992; Birnbaumer, 1992), also made a cluster (Fig. 4(b)). Two types 

of transducin a 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 a 

subunits and the relatedness of the receptors that interact them, which will be 

discussed later. 

Second, gene duplications of the a subunits of different amplifier 

interactions occurred before the divergence of vertebrates and insects (and 

mollusks). For example, gene duplications making ai, o, 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 a 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 

a subtypes comprise some different functions. 

Third, gene duplications of the a 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 aolf, expressed in olfactory sensory neurons, occurred after 

the divergence of vertebrates and insects (and mollusks) (Fig. 4(b)). Thus 

these a subunits are "tissue specific isoforms". Furthermore, in vertebrate 

lineage, the gene duplications of tissue specific isoforms, like as and aolf or 

ai1, 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 (lwabe et 

al., 1993; Part 2). 

In the case of the G protein a 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 a subunit subtype o (ao) produces 

two alternatively spliced mANA encoding ao1 and ao2 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 ao2 and to other a subunit subtypes, the sequences of these a 

subunits were aligned (Appendix B'(a)). The phylogenetic tree of the ao 

subunit exons 7 and 8 regions inferred on the basis of the alignment 

(Appendix B'(b)) indicated that duplication of the two exons of ao1 and ao2 

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 ao2 in the phylogenetic tree (Fig. 4(b)). 

Yokoyama and Starmer (1992) included both ao1 and ao2 in their 

phylogenetic trees, which misled their results. There is a possibility that some 

functions of ao1 and ao2 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 a subunit of fungi, plants, and Dictyostelium was closely related to 

animal as, q, i, o, z, or t (Fig. 4(b)). There is a possibility that a 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 a 

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 a16, 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 (POE), 

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, I and rutabaga, II 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 �Y subunit complex and 

ca2+-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 POE catalytic subunits. Mouse 

photocell cGMP POE a and � subunits and bovine photocell cGMP POE 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, �. y, and 8, apparently diverged before 

vertebrates and insects separated (Fig. 7). PLC�, y, and 8 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 � subtypes, [mammalian � 1, 2, and 
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3], [Drosophila p/c-21], and [bovine retina � 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 a 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 a 

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 a 

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. 
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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 affinity 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 protein a, p, 

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-1 a 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-1 ex 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 (continued) 
Table 1 

Expressions and Accession Numbers of Rhodopsin Family Receptors 
No. Gene Expression Accession No. 

No. Gene Expression Accession No. (B) olfactory (odorant) receptors (putative) 

23. rat 13 olfactory sensory cell M64385 
(A) opsin 

1. human rhodopsin rod cell 
24. rat 18 olfactory sensory cell M64387 

K02281 

2. chicken rhodopsin rod cell 
25. rat 14 olfactory sensory cell M64391 

000702 

3. lamprey rhodopsin short photoreceptor cell M63632 
26. rat 19 olfactory sensory cell M64388 

4. chicken green cone cell 
27. rat 115 olfactory sensory cell M64392 

M92038, M88178 

5. Gecko P467 rod cell M92035 
28. rat F5 olfactory sensory cell M64377 

6. chicken blue cone cell 
29. rat F12 olfactory sensory cell M64381 

M92037 

7. human blue cone cell 
30. rat F3 olfactory sensory cell M64376 

M13299 

8. chicken violet cone cell 
31. rat 17 olfactory sensory cell M64386 

M92039 

9. human red cone cell 
32. rat F6 olfactory sensory cell M64378 

M13305 
33. human HGMP071 (ligand unknown) testis X64994 

10. human green cone cell K03494 
34. human HGMP07J (ligand unknown) testis X64995 

11. chicken iodopsin (red) cone cell X57490 

12. Astyanax R007 (genomic) 
35. dog DTMT (ligand unknown) testis ( spermatocytes) X64996 

M38630 

13. Astyanax G1 01 (genomic) M38624 
(C) pituitary glycoprotein hormone receptors 

14. Astyanax G 1 03 (genomic) M60945 
36. human luteinizing hormone- testis, ovary c, d M63108 

15. Gecko P521 rod cell M92036 
choriogonadotropic hormone 

16. octopus rhodopsin visual cell X07797 

17. Loligo rhodopsin visual cell 814332 a 
( LH-CG) R. 

37. human follicle-stimulating ovary M65085 
18. Drosophila Rh 1 photoreceptor cell R 1-6 K02315 

hormone (FSH ) R. 
19. Calliphora R h 1 photoreceptor cell R 1-6 M58334 

38. human thyroid stimulatory thyroid M32215 
20. Drosophila R h2 photoreceptor cell R8 M12896 

hormone (TSH; thyrotropin) R. 
21. Drosophila Rh3 photoreceptor cell R7 M17718, Y00043 

22. Drosophila Rh4 (ultraviolet) photoreceptor cell R7 b 
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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 e, 

lung, spinal cord 

lung 

brain, kidney 

placenta, brain 

head 

head> body 

(D-2) glucocorticoid-induced receptor and PR4 

45. mouse glucocorticoid-induced (GI) 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 

M8061 0 

M81490 

M84755 

M88096 

M99418 

M87834 

Table 1 (continued) 

No. Gene 

(F) endotheline receptors 

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

52. human endotheline-8 (ET-8) R. 

(G) bombesin-like peptide receptors 

53. human gastrin-releasing peptide 

(GRP) R. 

54. human neuromedin 8 R. 

(H) neurotensin receptor 

55. rat neurotensin R. 

(I) posterior pituitary hormone receptors 

56. human vasopressin V2 R. 

(antidiuretic hormone R.) 

57. rat V1 a 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 

Accession No. 

D90348 

D90402, M74921 

M73481 

M73482 

JH0164 a 

Z11687 

Z11690 

myometrium, mammary gland, X64878 

non- pregnant endometrium, 

ovary 

pituitary gland M93108 

pituitary gland M94384, M59811 
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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 A 1 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 g 

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 h 

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 

M3121 0 

X61496 

M64299, M69045 

M97370 

M97759 

M94152 

X52068, M35128 

X15266 

M80333 

M16404, X15264 

M73217 

X15265 

J05218 

X65865 

M23412 

010197 

Table 1 (continued) 

No. Gene 

(M-3) histamine H2 receptor 

78. human histamine H2 R. 

(M-4) p adrenergic receptors 

79. human p1 adrenergic R. 

80. turkey p 1 adrenergic R. 

81. human P2 adrenergic R. 

82. human P3 adrenergic R. 

(M-5) a1 adrenergic receptors 

83. human a1 A adrenergic R. 

84. rat a1 B adrenergic R. 

85. bovine novel a 1 adrenergic R. 

(M-6) a2 adrenergic receptors 

86. human a2A (2C1 0) adrenergic R. 

87. human a2B (2C4) adrenergic R. 

88. human a2C2 adrenergic R. 

(M-7) tyramine receptor 

89. Drosophila tyramine R. 

( = octopamine R.) 

Expression Accession No. 

gastric fundus >brain i M64799 

brain, adipose tissue,heart, 

lung j 

erythrocyte 

lung > brain, heart, 

adipose tissue k 

adipocytes, liver, 

soleus muscle, ileum 

vas deferens, brain, 

heart, spleen I 

liver 

brain 

platelet 

brain, kidney 

liver, kidney 

head 
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J03019 

M14379 

J02960 

M29932 

M76446 

M60655 

J05426 

M18415 

J03853 

M34041 

X54794, M60789 



Table 1 (continued) 

No. Gene Expression 

(M-8) serotonine (5HT) receptors (1 A, 1 B, 1 0, 1 E, dro, dro2A, dro2B) 

90. human 5HT1 A R. (G21) brain m 

91. human 5HT1 B R. 

92. human 5HT1 0 R. 

93. human 5HT1 E R. 

94. Drosophila 5HT-dro R. 

95. Drosophila 5HT-dro2A R. 

96. Drosophila 5HT-dro2B R. 

brain 

brain 

brain 

head 

head 

head 

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

97. human 5HT1 C R. brain n 

98. human 5HT2 R. 

99. rat 5HT R. (SRL) 

(M-1 0) dopamine receptors (01, 05) 

100. human 01 dopamine R. 

101. human 05 dopamine R. 

(M-11) dopamine receptors (02, 03, 04) 

102. human 02 dopamine R. 

103. Xenopus 02 dopamine R. 

104. rat 03 dopamine R. 

105. human 04 dopamine R. 

brain 

stomach fundus 

brain 

brain 

brain, retina 

brain 

brain 

brain 
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Accession No. 

X13556 

M75128, M83180, 

M81590, 010995 

M81589, M89955 

M91467, Z11166 

M55533 

Z11489 

Z11490 

M81778 

M86841 

X66842 

X55760 

M67439, X58454 

M30625, X51362; 

M29066 

X59500 

X57764 

X58497 

Table 1 (continued) 

No. Gene 

(N) mas oncogene related receptors 

106. human mas oncogene 

(angiotensin R.) 

107. human mrg (ligand unknown) 

1 08. rat RTA (ligand unknown) 

(0) arachidonic acid derivertive receptors 

109. human thromboxane-A2 {TXA2) R. 

110. mouse prostaglandin E (PGE) R. 

EP3 subtype 

(P) chemoattractant peptide receptors 

111. human FPRL 1 

(formylpeptide R. like) 

112. human N-formylpeptide R. 

113. human RMLP-related R.l 

114. human C5a anaphylatoxin R. 

115. human vasoactiveintestinal 

peptide (VIP) R. 

116. human angiotensin 11-1 R. 

117. human interleukin-8 (IL-8) R. 

(high aHinity) 

118. human interleukin-8 (IL-8) R. 

(low affinity) 

119. human neuropeptide Y3 R. 

120. human platelet activating factor 

(PAF) R. 

121. human thrombin R. 

Expression 

brain o 

not detected 

brain, vas deferens, uterus, 

intestine, stomach, arota 

placenta, lung 

Accession No. 

M13150 

A39485 a 

M35297 

S13647 a 

kidney, uterus >brain, thymus, 010204 

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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M84562, X63819, 

M881 07 

M60627 

M76673 

M62505 

M64749 

M87290, M93394, 

M91464, Z11162 

M68932 

M73969 

M99293 

M76674 

M62424 



Table 1 (continued) 

No. Gene 

122. human BK-2 bradykinin R. 

123. human somatostatin 1 (SST1) R. 

124. human somatostatin 2 (SST2) R. 

Expression 

kidney, uterus, lung > 

testis, pancreas,brain, heart 

jejunum, stomach,colon, 

kidney 

brain, kidney > 

jejunum, colon, liver 

Accession No. 

M88714 

M81829 

M81830 

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. 

a 

b 

c 

d 

e 

g 

h 

k 

m 

n 

0 

p 

data from NBRF release 36.0 

data from Montell et. al. (1987). 

expressions of rat LH-CG receptor (McFarland et al., 1 989). 

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 (Wad a et al., 1991 ). 

expressions of dog A 1 adenosine receptor (Libert 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 �1 adrenergic receptor (Mussin et al., 1991). 

expressions of rat �2 adrenergic receptor (Mussin et al., 1991 ). 

expressions of rat a1 A adrenergic receptor (Lomasney et al., 1991 ). 

expressions of rat 5HT1 A receptor (Albert et al., 1990). 

expressions of rat 5HT1 C 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 

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

Accession No. 

Gene kA ks Human Mouse (or Rat) 

thromboxane-A2 R. 0.14±0.02 0.65 ± 0.06 a 010849 

interleukin-8 R.(low affinity) 0.13 ± 0.02 0.62 ± 0.06 M94582 L13239 

odorant R. 115b 0.096 ± 0.014 0.49 ± 0.05 X64994 M64392C 

thrombin R. 0.094 ± 0.014 0.85 ± 0.09 M62424 L03529 

8K-2 bradykinin R. 0.082 ± 0.012 0.56 ± 0.06 M88714 M59967C 

P3 adrenergic R. 0.052 ± 0.01 0 0.49 ± 0.05 M29932 M74716C 

04 dopamine R. 0.051 ± 0.01 0 0.35 ± 0.04 X58497 M84009C 

thyrotropin R. 0.046 ± 0.009 0.57 ± 0.06 M32215 M34842C 

A2b adenosine R. 0.045 ± 0.009 0.56 ± 0.06 M97759 M91466C 

histamine H2 R. 0.044 ± 0.009 0.49 ± 0.05 M64799 S57565C 

LH-CG R. 0.041 ± 0.009 0.72 ± 0.07 M631 08 M8131 0 

substance K R. 0.038 ± 0.008 0.58 ± 0.06 M57414 X62933 

antidiuretic hormone R. 0.037 ± 0.008 0.60 ± 0.06 211687 Z11932C 

A2 adenosine R. 0.036 ± 0.008 0.55 ± 0.06 M97370 M91214C 

neuromedin 8 R. 0.036 ± 0.008 0.62-0.06 M73482 c,d 

P2 adrenergic R. 0.036 ± 0.008 0.62 ± 0.06 J02960 X15643 

05 dopamine R. 0.035 ± 0.008 0.65 ± 0.06 X58454 M69118C 

serotonin 10 R. 0.032 ± 0.008 0.61 ± 0.06 M89955 M89953C 

rhodopsin 0.029 ± 0.007 0.55 ± 0.06 K02281 M36695-9 

a2.A adrenergic R. 0.028 ± 0.007 0.51 ± 0.05 M18415 M99377 

angiotensin 11-1 R. 0.022 ± 0.006 0.84± 0.09 M87290 X62295C 

01 dopamine R. 0.021 ± 0.006 0.68 ± 0.07 X55760 M35077C 

follicle-stimulating hormone R. 0.020 ± 0.006 0.56 ± 0.06 M65085 c,e 

gastrin-releasing peptide R. 0.019 ± 0.006 0.46 ± 0.05 M73481 M57922 

serotonin 1 8 R. 0.018 ± 0.006 0.39 ± 0.04 010995 M85151 

serotonin 1 C R. 0.018 ± 0.006 0.55 ± 0.06 M81778 f 

endotheline-8 R. 0.017 ± 0.006 0.52 ± 0.05 090402 X57764C 

m1 mAChR 0.015 ± 0.005 0.39 ± 0.04 X52068 J04192 

somatostatin R. 2 0.015 ± 0.005 0.58 ± 0.06 M81830 M81832 

neuromedin K R. 0.015 ± 0.005 0.62 ± 0.06 M89473 J05189C 

neuropeptide Y R. 0.013 ± 0.005 0.93±0.10 M84755 Z11504C 

m3 mAChR (hM4) 0.013 ± 0.005 0.53 ± 0.06 X15266 M16407C 
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Table 2 (continued) 

Accession No. 

Gene kA ks Human Mouse (or Rat) 

�1 adrenergic R. 0.012 ± 0.005 0.24 ± 0.03 J03019 J05561C 

substance P R. 0.012 ± 0.005 0.39 ± 0.04 M84425 X62934 

02 dopamine R. 0.012 ± 0.005 0.42 ± 0.04 X51362 X55674 

a1 A adrenergic R. 0.012 ± 0.005 0.62 ± 0.06 M76446 M60654C 

a2C2 adrenergic R. 0.011 ± 0.005 0.66 ± 0.06 M34041 L00979 

angiotensin R. (mas) 0.011 ± 0.005 0.83 ± 0.09 M13150 J03823C 

m5 mAChR 0.011 ± 0.004 0.39 ± 0.04 M80333 M22926C 

serotonin 1A R. 0.0091 ± 0.0041 0.76 ± 0.08 X13556 J05276C 

serotonin 2 R. 0.0085 ± 0.0039 0.52 ± 0.05 M86841 X13971C 

a2B adrenergic R. 0.0082 ± 0.0039 0.54± 0.05 J03853 M99376 

m4 mAChR (hM3) 0.0073 ± 0.0036 0.47 ± 0.05 X15265 M16409C 

cannabinoid R. 0.0054 ± 0.0031 0.45 ± 0.05 X54937 X55812C 

endotheline-1 R. 0.0033 ± 0.0023 0.93±0.10 090348 M60786C 

m2 mAChR 0.0018 ± 0.0018 0.60 ± 0.06 M16404 J03025C 

somatostatin R. 1 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. 

a Sequence data from Hirata et al. (1991 ). 

b human HGMP071. 

c rat data. 

d Sequence data from Wada et al. {1991 ). 

e 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 a subunits 

No. Gene 

(A) Gs 

1 . human as-1 

2. Xenopus as 

3. rat aolf 

4. Drosophila as-S 

5. Lymnaea as 

6. Schistosoma as (SG 1 2 ) 

(B) Gi 

7. human ai1 

8. Xenopus ai 1 

9. human ai3 

1 0. Xenopus laevis ai3 

1 1 . human ai2 

1 2. Asterina a (SG) 

1 3. Lymnaea ai 

1 4. Drosophila DGa 1 

Expression 

ubiquitousa. b 

Nl 

olfactory neuro­

epitheliuma, b 

head> body 

brainb 

Nl 

Nl 

nearly ubiquitousa 

brainb 

Nl 

nearly ubiquitousa, b 

Nl 

ubiquitousa, b 

Nl 

Nl 

embryo, pupa 

>adult head 
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Accession No. 

M21 1 42, X04408 

X56091 

c 

M33998, M23233 

Z1 5096 

M81 085 

M1 721 9 

X56089 

J03005, M20604, 

J031 98; M27543, 

J03238 

X56090 

M20593, X04828 

X66378 

Z1 5095 

M23094 



Table 3 (continued) Table 3 (continued) 

No. Gene Expression Accession No. No. Gene Expression Accession No. 

(C) Go (G) G16 

15. human cx.o2 braina, b, othersa M60165 28. human a.16 T cell, myeloid cella M63904 

16. Xenopus laevis a.o Nl X14636 29. mouse cx.15 B cell, myeloid cella M80632 

17. Drosophila a.o (0Go2) head > body M86660, M29731 , 

M30151, M29602, (H) G12 

18. Lymnaea cx.o Nl Z15094 30. mouse cx.12 ubiquitousa M63659 

19. Caenorhabditis cx.o (goa-1 ) Nl M38251 31. mouse cx.13 ubiquitousa M63660 

32. Drosophila eta oocyte, nurse cell M63651, M94285 

(D) Gz embryo, larva, adult 

20. human cx.z braina. b, adrenal, J03260 

plateletsa (I) others 

33. Dictyostelium a.4 early mound stage A40990 d 

(E) Gt >>vegetative growth, 

21. human cx.t1 rod cella, b X15088 early development 

22. human a.t2 cone cella, b 010384 34. Dictyostelium a.1 loose aggregate M25060 

23. rat a.g (gustducin, gnat-3) taste buda X65747 formation >vegetative cell 

35. Dictyostelium a.2 during aggregation M25061 

(F) Gq >>vegetative cell 

24. mouse a.q nearly ubiquitousa M55412 36. Caenorhabditis gpa-1 Nl e 

25. human a.y nearly ubiquitousa M69013 37. Caenorhabditis gpa-2 Nl X53156 

26. mouse a.14 bone marrow adherent M80631 38. Caenorhabditis gpa-3 Nl M38250 

cell lines 
39. Schizosaccharomyces gpa 1 Nl M64286 

(lung, kidney, liver)a 40. Coprinus CGP1 Nl X68031 

27. Drosophila dgq adult retina, ocellus M58016 
41. Saccharomyces GPA2 Nl J03609 

42. Saccharomyces GPA 1 Nl M15867 

43. Candida GAG 1 mycelial and yeast cells M88113 

44. Arabidopsis GPA 1 vegetative plant tissue M32887 

45. tomato TGA 1 Nl M74419 
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Table 3 (continued) 

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 and (or) from Kaziro et al. (1991) and Hepler and Gilman (1992). > and 

>> indicate that tissue expressions of the right are weaker and much weaker than those of 

the left, respectively. 

Nl = not identified. 

a 

b 

c 

d 

e 

Expression data from Hepler and Gilman (1992). 

Expression data from Kaziro et al. (1991 ) . 

Sequence data from Jones and Reed (1989). 

Data from NBRF release 36.0. 

Sequence data from Lochrie et al. (1991 ). 
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Table 4 

Corrected nucleotide differences at the nonsynonymous and synonymous positions of G­

protein a. subunit that are compared between human and mouse (or rat) 

Gene 

az 

ai2 

ao2 

ai3 

as-1 

ai1 

kA 

0.065 ± 0.010 

0.019 ± 0.005 

0.011 ± 0.004 

0.0077 ± 0.0034 

0.0076 ± 0.0034 

0.0061 ± 0.0031 

0.0060 ± 0.0030 

0.0 

0.0 

ks 

0.97 ± 0.10 

0.67 ± 0.07 

0.81 ± 0.08 

0.46 ± 0.05 

0.48 ± 0.05 

0.41 ± 0.04 

0.45 ± 0.05 

0.29 ± 0.03 

0.95 ± 0.10 

Accession No. 

Human Mouse (or Rat) 

M63904 M80632 

M69013 M55411 

X15088 M25506-13 

J03260 J03773C 

X04828 M13963 

M60156-62 M36778 

M27543 M20713C 

X04408 Y00703 

M17219 M17527C 

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 

b 

c 

mouse a15. 

mouse a11. 

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 = luteinizing hormone-
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choriogonadotropic hormone; FSH = follicle-stimulating hormone; TSH = 

thyroid stimulating hormone; TXA2 = thromboxane-A2; PGE = prostaglandine 

E; GAP = 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: 0. d. = Oictyostel ium 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: 0. d. = Oictyostelium 

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 I (M25579); rat II (M80550); rat Ill 

(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 POE = cGMP-stimulated phosphodiesterase; cGI POE = 

cGMP-inhibited cAMP phosphodiesterase; CaM-POE. = calmodulin­

dependent phosphodiesterase. Sequence data are from GenBank Release 

77.0 except for bovine CaM-POE 61 kDa which is from NBRF release 36.0. 
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Accession numbers of the sequences are as follows: mouse cGMP PDEa 

(X60664); mouse cGMP POE� (X55968); bovine cGMP POE (M37838); 

bovine cGS POE (M73512); rat CaM-POE (M94537); bovine CaM-POE 61 kDa 

(NBRF, A40282); human cGI POE (M91667); rat cAMP PDE1 (M25347); 

human cAMP PDE2 (M37744); rat cAMP PDE3 (M25349); rat cAMP PDE4 

(J04563); Drosophila dunce (X55167); Saccharomyces cAMP POE (M14563). 

Data list and alignment of the phosphodiesterases are on Appendix D 1 and 

02, 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 82 (NBRF 

release 36.0). Accession numbers: human y1 (M34667); human y2 (X14034, 

M37238); rat 81 (M20637); bovine 82 (NBRF, S14113); rat �1 (M20636); 

human �2 (M95678); rat �3 (M99567); Drosophila plc-21 (M60452), bovine 

retina � (L 13935); Drosophila norpA (J03138); Saccharomyces PLC 1 

(012738) Dictyostelium DdPLC (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 a subunit tree, mammalian q subtype 

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

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

llanisoforms11• 
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� 
0') 

Gene No. 

{ 1- 8 ( 32- 44) 
opsin 9- 15 ( 48- 53) 

16- 22 ( 34- 58) 
odorant R. 23- 35 ( 22- 35) 

pituitary glycoprotein hormone R. 36- 38 (359-414) { 39- 44 ( 32-101) 
tachikinin peptide R. 45- 46 ( 71- 90) 

47 ( 40 ) 
gastrointestinal hormone R. 48- 50 ( 54- 56) 

endotheline R. 51- 52 ( 80-1 01 ) 
bombesin-like peptid R. 53- 54 ( 40- 43) 

neurotensin R. 55 ( 64 ) 
. . . 

h R 
{ 56- 58 ( 37- 51) 

postenor p1tu1tary ormone . 59 ( 35 ) 
thyrotropin-releasing hormone R. 60 ( 25 ) 

cannabinoid R.and the related genes 61- 63 ( 44-116) 
adenosine R. 64- 67 ( 3- 14) 

muscarinic acetylcholine R. 68- 76 ( 23-1 04) 
histamine H 1 R. 77 ( 28 ) 
histamine H2 R. 78 ( 18 ) 
� adrenergic R. 79- 82 ( 33- 58) 

a1 adrenergic R. 83- 85 ( 26- 54) 
amine R.< a2 adrenergic R. 86- 88 ( 12- 51) 

tyramine R. 89 ( 1 09 ) 

serotonine R { 90- 96 ( 22-226) . 97- 99 ( 53- 74) 
. [ 100-101 ( 23- 40) dopamlneR. 102-105 ( 28- 34) 

mas oncogene and the related genes 106-108 ( 32- 75) 
arachidonic acid derivative R. 1 09-1 10 ( 24- 25) [ 111-114 ( 26- 37) 

115-119 ( 28- 44) 
chemoattractant peptide R. 120-121 ( 1 1-1 02) 

122 ( 57 ) 
123-124 ( 43- 58) 
consensus 
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---TM-1 TM-2 ---

---G-P-N--T---L (1 ) -LNYIL-N------- ---
---M-W-AS-TN-LV-A--KFKKL (1 ) HPLNWILVNLA-DL-ET-AS TIS-NO-

---GNG-V--F--KSL (1 ) TP-N-NLA-0 P----
-----L-Y N--1-----L ( 1 ) -PMY -FL --S --L --

--LR--W--LA-GN--VL-L-TS-YK (1 ) -VPRFLMCNL-FAD-C-G-YLL LIASVD--T 
--W GN-V-WI--M (1 ) TVTN-F--NL N- --N---
-----Y---F-L-GN-VC-----RM (1 ) -T--FI-LA-01 P-----

FTLALAYGAVI ILGVSGNLALI I I ILKQKEM (1 ) NVTNILIVNLSFSDLLVAIMCL PLTFVYTLM 
A----LY--IFL-SV-GN-L-1-VL----R- (1 ) TVTN-FLLSLAVSDL-L-CM PF-L-PNL-
YINTV-SC--F-G--GN-TLLRI IY-NKCM (1 ) NGPN-LIASLALGDL-VID- PINV-KLLA 
-VIP--Y-1 1--GL-GNI-L-KIF-T---M (1 ) -VPN-FIS-LA-GDLLLL-TC- PVDASRY--
VLVTAIYLALFVVGTVGNSVTAFTLARKKSL (4 ) STVHYHLGSLALSDLLILLLAM PVELYNFIW 
--E-A-L------N--VL-AL---- (1-4) --F--HL-ADL-VA-FQV LPOL-W­

KIRVTVTFFLFLLSTAFNASFLLKLQK WTQ (8 ) SRMKVLLKHLTLANLLETLIVM PLDGMWNIT 
VVTILLVVI ICGLGIVGNIMVVLVVMRTKHM (1 ) TPTNCYLVSLAVADLMVLVAAG LPNITDSIY 
-------------EN--V---1----- (1-2) -P---IG-LA-DLL--- ----

--Y---E--1-----GN-LV---V--L (1 ) -T--F-VSLA-AD-AVG-1 P-AI---
--------T--GN-V--5-K---L (1 ) T-NY-L-SLA-AD--IG--SM -L------
TPLVVVLSTISLVTVGLNLLVLYAVRSERKL (1 ) TVGNLYIVSLSVADLIVGVVVM PMNILYLLM 
ITITVVLAVLILITVAGNVVVCLAVGLNRRL (1 ) NLTNCFIVSLAITDLLLGLLVL PFSAIYQLS 
----L-VL--V-GN-LVI-AI--RL (1 ) T-TN-F-SLA-ADLVMGL-VV P--A----
---G--L---IL--GN-LVILSVAC-RHL (1 ) -T-Y-IVNLA-ADLLL--TVL PFSA-E-L 
-------L--T--GN-LV-AV-TSR-L (1 ) APQNLFLVSLA-ADILVATL-- PFSLANE--
LLTALVLSVI IVLTI IGNILVILSVFTYKPL (1 ) IVQNFFIVSLAVADLTVALLVL PFNVAYSIL 
------L-------N-V-----L (1 ) -NYL-SLA-DL-V--LV- P--Y--

-W-AL---1 1-TI-GNILVI-AVS-EK-L (1 ) -ATNYFLMSLA-AD-L-G-VM P--L-1--
--TAC-L-LLI-TLLGN-LVCAA--R-RHL (2 ) --TN-F-SLAVSDL-VA-LVM PWKAVAE-A 
-------L---GN-LVC--V-E-AL (1 ) T-TN-VSLA-ADLL-A-LV- P-VY-EV-
------G--NG--W-- -- (0-1) -P--Y-HL--AD--L-
--5--F----V-G--N-LA----- (5-6) -SFL--L-LTD-G-L-T- -V--
1-----V-F--GVLGN-LV-WV-F -- (1 ) T-1--LNLA-ADF--LP -----
-----Y---F---N--V-V---- (1 ) L-L--ADL---T-P -W----
--P-VY--FV---N--VF--- (1-3) --M--L--AD-LF--LP -1-YY---

TIQPPFLWVLFVLATLENIFVLSVFCLHKSS (1 ) TVAEIYLGNLAAADLILACGLP FWAITISNN 
---FIY-VVC-GLCGN-VIYVILR YAK (2 ) T-TNIYILNLAIADEL-ML--P FL--L-

N 

Figure 1 



Gene No. TM-3 TM-4 TM-5 ----

1- 8 ( 6 ) -C--E-F-T-G---WSL-A-ER-V-CK (10 ) HA---W----PP- GWSR- (20 ) -E---F--F-P-1-F-Y--L-
9- 15 ( 6 ) HP-C--EG-V--CGI--LWSL-ISWERW-WCK (10 ) -A-GI-F-W-W-W-PPIF GWSRY (20 ) G-S-M-L-TCC-PL-1--CY--V-AI 

16- 22 ( 6 ) -C---G--G- 1--DR-VI-- (10-11) --1-----W W- (18 ) -R P-1--Y-1--V 
23- 35 ( 6-10) --C-0-------LL-M-YDR-A-C- (11 ) ----------- --L (26-27) SY---
36- 38 (13 ) G-GC--AGFFTVFASELSVYTLT-ITLERW-IT- (11 ) HA--M-GW----A-P- G-S-Y (13 ) -L--Y---L-LN-AF--C-CY-IY--V 
39- 44 ( 6 ) --C------S--A--DRY-AI- ( 9 ) ----IW----P--Y--- (17-26) -Y---L--P----Y--G-
45- 46 ( 6- 7) --CH----0--S-VSA-TL-AI-DR-IM- ( 9 ) ----IA--W-A--LP-1 --L- (23 ) --Y--L--F-L--PL----YAR--
47 ( 6 ) EAMCKLNPFVOCVSITVSIFSLVLIAVERHOLI IN ( 9 ) HAYVGIAVIWVLAVASSLPFLI YOVMT (26 ) HRLSYTTLLLVLOYFGPLCFIFICYFKIYIRL 
48- 50 ( 6 ) --CK--Y-MG-SVSVST--LVAI-LERY-AICR (11-14) -----------------Y-- --- (17-18) --0-W--LLL-LF--PG-V-VAYGLIS-EL 
51- 52 ( 6-11) --CKL-PF-OK-SVGITVL-LCALS-DRYRAVAS (11 ) -TA-EIV-IW-S--LA-PEAI GF- (23-25) Y-KDWWLF-FYFC-PL-TA-FYTLMTCEM 
53- 54 ( 6 ) -GCKLIP-IOLTSVGVSVFTLTALSADRY-AIV- (11 ) --C-KA-IW-S-LLA-PEAV FS-- (22-23) HPKIHS-FLV-IPL-1 IS-YYY-IAK-L 
55 ( 8 ) DAGCRGYYFLRDACTYATALNVASLSVERYLAICH (11 ) RTKKFISAIWLASALLAIPMLF TMGLO (21 ) TVKVVIOVNTFMSFLFPMLVISILNTVIANKL 
56- 58 ( 5- 6) 0--LCR-VK-LO-M-AS-Y--M-DR-A-C- (10-12) ----S-- --- (13-21) G--Y-TW-V-P C--1-1 
59 ( 6 ) EFLCKVLSYLKLFSMYAPAFMMWISLDRSLAITQ ( 9 ) LEOSMISLAWILSIVFAGPOLY IFRMI (24 ) HOAFYNFFTFGCLFI IPLLIMLICNAKI IFAL 
60 ( 6 ) YVGCLCITYLOYLGINASSCSITAFTIERYIAICH (11 ) RAKKI I IFVWAFTSIYCMLWFF LLDLN (19 ) YYSPIYLMDFGVFYWPMILATVLYGFIARIL 
61- 63 ( 2- 5) ---G----ASV-SL---RY-- ( 1 0-11 ) W----L -- --- ( 11-1 3) L 
64- 67 ( 4 ) --CL--C-L--T-SI--LLA-A-DRY-- (11 ) R-----W---GLTP- GWN- (20-30) -YMV-F-F--L-PL-M-Y-F-
68- 76 ( 6 ) --CD-WLA-DY-SNASV-NLL-IS--R-F--T- (11 ) -A--MI--AW--S-LW-P-1- -W-- (16-17) --TFGTA-AAFY-PV-M-LY-1---
77 ( 6 ) RPLCLFWLSMDYVASTASIFSVFILCIDRYRSVQQ (11 ) RASITILAAWFLSFLWI IPIL GWRHF (17 ) NVTWFKVMTAI INFYLPTLLMLWFYAKIYKAV 
78 ( 6 ) KVFCNIYTSLDVMLCTASILNLFMISLDRYCAVMD (11 ) RVAISLVLIWVISITLSFLSIHLGWNSR (16 ) VNEVYGLVDGLVTFYLPLLIMCITYYRIFKVA 
79- 82 ( 6 ) --CE-WTS-DVLCVT AS I ETLC-A-DRY -A-T- ( 1 1 ) -A----VW-S-SF-P 1-W-R- ( 18-19) -N-Y-SS-SFY -PL -M-FVY -RV--A 
83- 85 ( 6 ) -FC-WAAVDVLCCTASI-LC-IS-DRY-GV- (11 ) --L-W-V-S--GPL- GW-P (11 ) EE-Y-FS--SFY-P--1-VMYCRVY-VA 
86- 88 ( 6 ) -WC--YLALDVLFCTSSIVHLCAISLDRYW-- (11 ) R-K--1--W-1-AVIS-PPL- -- (12-16) -WY--S-IGSFFAPCLIM-LVY-RIY-A 
89 ( 6 ) IHLCKLWLTCDVLCCTSSILNLCAIALDRYWAITD (11 ) RVLLLISGVWLLSLLISSPPLI GWNDW (13 ) SORGYVIYSSLGSFFIPLAIMTIVYIEIFVAT 
90- 96 ( 6 ) ---C---D--CCT-SIL-L--1-DRY--T- (10-11) ----W----S-P---- (12-14) -Y-T--FY-P Y--1--A 
97- 99 ( 7 ) -LC-W-LDVLFSTASIMHLCAISLDRY-AI- (11 ) -A--KI-VW-IS-G--P-P-G--- (11-14) -F-L-GS-FF-PLTIM--TY-LTI-L 

100-101 ( 6 ) - FC-WVAFDIMCSTASILNLCVISVDRYWAIS- (11 ) -A AWTLS-LISFIPVOL-WH- (23-37) L-RTYAISSS-ISFYIPVAIMIVTYTRIYRIA 
102-105 ( 6- 7) ---CD-DVM-CTASI-NLCAIS-DR--AV- (11-14) R--1-W-L--P-L- G-N- ( 7-10) --V-YSS--SF-P--L-Y L 
106-108 ( 6- 7) LL-AIS-ERC--V- (11 ) -S-VC-L-W-L -- ( 9-10) IL --L--
1 09-11 0 ( 1 0 ) -RLC-F-G-M-FGLS-LL-AMA-ER-L -I- ( 1 0-11 ) RA VW-LA--LLP-L GVGRY ( 14-29) A--A-L L VS-
111-114 ( 6 ) ---C N-S-L--1-DR-V- (11 ) LA---W--LT-P (18-29) 1--GF--P Y-1---
115-1 19 ( 4- 6) ---CK N L-S-DRYL-1- (1 0-1 1) W P- -- (16-21) --G--P Y---
120-121 ( 6 ) -LC F-N-Y-S--VI-RF-AV- (11 ) R--L-IW -T- (21-22) F-FF-1---C--IIR-L 
122 ( 6 ) ETLCRVVNA I I SMNL YSS I CFLML VS I DRYLAL VK ( 1 1 ) WAKL YSL VI WGCTLLLSSPML V FRTMK (20 ) WEVFTNMLLNWGFLLPLSV I TFCTMO I MOVL 
123-124 ( 5 ) ---CR-V-VD--N-FTSI-CLTV-S-DRY-AWH (11 ) -AK--VW-SLLVILPI- -- (19 ) W-GF-YTF-GFL-P-ICLCY-11-K-
consensus R 

Gene No. TM-6 TM-7 

1- 8 ( 15 ) A-EV-MV--MV-F--PY-A-- ( 9 ) -P--F-KS--YNP-IY-NK ( 37- 44) 

9- 15 ( 15 ) AE-EV-RMVWM--A-CWGPY-F--F-A- ( 9 ) -AA-PA-FAKSATIYNP-IYVFMNR ( 17- 39) 

16- 22 ( 27- 29) AE-AK----W-PY----F ( 8- 9) K-A-P-Y-SHP ( 39-135) 

23- 35 ( 6 ) ---F-TC-SHL--V-Y------- ( 7 ) ---------P--NP-Y-LRN- ( 13- 38) 

36- 38 ( 9 ) -DT -I AK -MA-Ll FTDF-CMAP I SF-A-SA- ( 9 ) -K -LL VLF-P-NSCANPFL Y A I FTK ( 64- 81 ) 

39- 44 ( 18- 19) -K-V---V-FAICWLP-H-F---- (12 ) -YL--WLAMS--M-NP-IY-N- ( 86-136) 

45- 46 ( 19 ) -K--VKM-VV-F-W-P-N-LLL- ( 8-11) --FAFHW-AMS-CYNP-IYC-N- ( 73- 76) 

47 ( 18 ) ETKRINIMLLSIVVAFAVCWLPLTIFNTVFDW (12 ) LFLLCHLTAMISTCVNPIFYGFLNK ( 59 ) 

48- 50 ( 71- 86) AKKRV-RML-VIV-LFFLCW-P--S-N-WRA- (12 ) PISFI-LLSY-S-CVNP-YCFM-- ( 52- 53) 

51- 52 ( 16- 17) ORREVAKTVFCLV-FALCW-PLHLSRILK-T (18 ) -DYIGIN-A-NSCINPIALY-VSK ( 51- 53) 

53- 54 ( 20 ) -RKRLAK-VLVFVG-F-FCW-PNH-Y-YRS- (13 ) --AR-L-F-NSCVNPFALYLLS- ( 57- 61) 

55 ( 37 ) ALRHGVLVLRAVVIAFVVCWLPYHVRRLMFCY (16 ) FYMLTNALFYVSSAINPILYNLVSA ( 50 ) 

56- 58 ( 32- 45) A-TV-MT-IV--CW-PFF-VO-W--W ( 9-12) ----LLASLNSC-NPWIY--F- ( 36- 55) 

59 ( 22 ) ARLRTLKMTVAFATSFVVCWTPYYVLGIWYWF (11 ) VNHFFFLFAFLNPCFDPLIYGYFSL ( 0 ) 

60 ( 41 ) SRKOVTKMLAVVVILFALLWMPYRTLVVVNSF ( 9 ) FLLFCRICIYLNSAINPVIYNLMSO ( 68 ) 

61- 63 ( 16- 35) T-L---CW-P----- ( 6-10) ---------NS--NP-IY---- ( 15- 70) 

64- 67 ( 18- 22) -E--AKSL----FAL-WLP--N---F ( 7-11) ---1-L-H-NS--NP-YA-- ( 30-119) 

68- 76 (143-398) -E-K---T-AILL-FI-TW-PYN--VL--- ( 8-10) -W--Y-LCY-NST-NP-CYALCN- ( 21- 41) 

77 (194 ) RERKAAKOLGFIMAAFI ICWIPYFIFFMVIAF ( 8 ) VHMFTIWLGYINSTLNPLIYPLCNE ( 14 ) 

78 ( 18 ) REHKATVTLAAVMGAFI ICWFPYFTAFVYRGL ( 9 ) LEAIVLWLGYANSALNPILYAALNR ( 66 ) 

79- 82 ( 40- 66) -E--AL-TLG-IMG-FTLCWLPFF-N--- ( 8- 9) -----NW-GY-NS-FNP-IY CRSP ( 52-137) 

83- 85 ( 54- 60) REKKAAKTL-IVVG-F-LCW-PFF--P-GS- ( 9 ) VFK-FWLGY-NSC-NP-IYPCSS- (135-162) 
86- 88 (137-165) -EKRFTFVLAVV-GVFV-CWFPFFF-Y-L-- ( 7-10) LF-FFFW-GYCNSSLNPVIYT-FN- ( 19- 20) 

89 (226-226) KERRAARTLGI IMGVFVICWLPFFLMYVILPF ( 9 ) FKNFITWLGYINSGLNPVIYTIFNL ( 13 ) 

90- 96 ( 70-331) -E-K--L--1---F-WLPFF-L- ( 8-10) -----WLGY-NS-NP--Y--- ( 16- 52) 

97- 99 ( 55- 73) NE-A-KVLGIVF-F-MWCPFFITN-- (11-12) LL--FVW-GY-S--NPL-YTLFNK ( 85- 95) 

100-101 ( 37- 44) -ETKVLKTLSVIMGVFVCCWLPFFILNC--PF (14-18) TFDVFVWFGWANSSLNP-IYA FNA (111-114) 

102-105 ( 88-155) -E-KA--V-G-F--CW-PFF--H--- ( 8- 9) L-A-TWLGYVNSA-NP-IYT-FN- ( 12- 14) 
106-108 ( 0- 6) ------------L-- ( 6- 7) -----L-INSSA-P--YF--G- ( 40- 58) 
109-110 ( 15- 18) -E---OL-GIM-V-SVCW-PLL----- (18-19) --LI--R-A-NOILDPWVY-L-R- ( 30- 39) 

111-114 ( 6 ) -S-L-V-V-A-FF-W-P----- (13-16) ---A--N-C-NP-YV-G- ( 44- 46) 
115-119 ( 6- 11) F-W-P---0- (17-18) --T---C-NP-Y-F--- ( 40- 52) 

120-121 ( 9- 12) -K-RAL--V--FIICF-P--V-- (13-16) A---C-S--DP-IY-- ( 44- 49) 

122 ( 12 ) TERRATVLVLVVLLLFI ICWLPFOISTFLDTL (17 ) ITQIASFMAYSNSCLNPLVYVIVGK ( 54 ) 

123-124 ( 14 ) SE-K-T-MV--VV-VF-CW-PFY--V- ( 7-11) ---V-L-YANSCANPILY-FLSD ( 52- 63) 

consensus p 
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Gene No. 

Gs 1- 6 ( 35- 41) -THRLLLLGAGESGKS-IVKOMRILH- -GF--- (0-15) E---K---1--N---AI--1--AM--­
Gi 7-14 ( 22- 32) -EVKLLLLGAGESGKSTIVKOMKI IH- -GYS-- (0 ) -C--Y--VV-SN--OS---1--AMG-L 
Go 15-19 ( 31 ) KD-KLLLLGAGESGKST I VKOMK I I HE -GF--E ( 0 ) D-KOY -PVVYSNT -OSL -A 1-RAM--L 
Gz 20 ( 31 ) REIKLLLLGTSNSGKSTIVKOMKI IHS GGFNLE (0 ) ACKEYKPLI IYNAIDSLTRI IRALAAL 
Gt 21-23 ( 27- 31) -TVKLLLLGAGESGKSTIVKOMKI IH- -GYS-- (0 ) EC-EF-A--Y-N-LOSILAI--AMTTL 
Gq 24-27 ( 31- 37) RELKLLLLGTGESGKSTFIKOMRI IHG -GYS-E (0 ) 0--G--KLV-ONIF-AMO-MI-AM--L 

G16 28-29 ( 40 ) -ELKLLLLGPGESGKSTFIKOMRI IHG -GYSEE (0 ) -R--FR-L-YONIFVSM-AMI-AM-RL 
G12 30-32 ( 46-130) R-VK-LLLGAGESGKSTFLKOMRI IHG --FD-- (0 ) ---E----1--N---G--VL-DAR-KL 

D.d. a4 33 ( 29 ) KDVKLLLLGPGESGKSTIFKOMKIIOEDGGYSVE (0 ) ELLEYRAFVYSNCISOMEALLTASAKL 
D.d. a1,2 34-35 ( 29- 34) -E-KLLLLGAGESGKSTI-KOMKI IH- -G---E (0 ) E----K-1 1--N----MRVL------L 
C.e. gpa 36-38 ( 31 ) ---KLLLLGAGE-GKSTVLKOM---- ---E (0 ) E-----V--N----M-----M---

S.p. gpa 1 39 ( 72 ) NO I KVLLLGAGDSGKTT I MKOMRLL YS PGFSOV ( 0 ) VRKOYRVM I FEN I I SSLCLLLEAMDNS 
C.c. CGP1 40 ( 32 ) NEIKMLLLGAGESGKSTVLKOMKLIHH GGYSDQ (0 ) EKDSYKEIIFSNTVOSMRAILDALPAL 
S.c. GPA2 41 (121 ) KELKVLLLGAGESGKSTVLOOLKILHO NGFSEO (0 ) EIKEYIPLIYONLLEIGRNLIOARTRF 

S.c. GPA1, C.a.CAG1 42-43 ( 39 ) ---KLLLLGAGESGKSTVLKOLKLLH- GGF--0 (0 ) ER-OY--VIW-0-IOSMK-LIIOARKL 
Plants 44-45 ( 36- 37) HI-KLLLLGAG-SGKSTIFKOIKLLFQ TGFDE- (0 ) ELK-Y-PVIHANVYOT-K-LHDG-KE-

Gene No. 

consensus LLLG GK 0 

1- 6 (32 ) F------LW- 0-G-----ERSN EY OLIO CA-YFL---------Y-P--00-LRCRVLTSGIFET-F-V DKVN 
7-14 (31- 32) ------LW- 0-GVO--F-RSR EY OLND SA-YYL----R-----YIPT-ODVLRTRVKTTGI-ETHF-- K-L-

15-19 (32 ) LL--M-RLW- D-G-0-C--R-- EY OLND SAKY-LD-L-R-G--Y-PTEO-ILRTRVKTTGIVE-HF-F KNL-
20 (32 ) LLGVMRRLWA DPGAOACFSRSS EY HLED NAAYYLNDLERIAAADYIPTVEDILRSRDMTTGIVENKFTF KELT 
21-23 (31 ) ----1-RLW- 0-G-OACFERA- EY OLND SA-YYL--L-R---P-Y-P-EODVL-SRVKTTGI IET-FS- KDLN 
24-27 (30 ) --AIK-LW- D-GIOECYDRRR EY OL-D S-KYYL-D--R-------PT-00-LR-RVPTTGI-EYPFDL ----
28-29 (30 ) YA-AMO-LWR DAGIRACYERRR EF HLLD SAVYYLSHLERI-E--Y-PTAODVLRSRMPTTGINEYCFSV -KT-
30-32 (31- 38) Y-P----LW- 0-GI--A--RR- EF 0--- SV-YFLD---------Y-P---DIL--R--TKG--E----- ---P 
33 (27 ) LAADIKHLWE DKGIKETYAOKD KHF OLND SAAYFFDNIDRYMREDFVPNEODVLRCRVRTTGIOESEFTF DKIR 
34-35 (30- 36) ----IKALW- DPG------R-- EF--L-D SA-Y-FDSIDR---P-Y-P---0-L--R--T-G--ET-FEI ----

36-38 (31- 32) -------LW- 0--V-------- -- ---------F-----R-----Y-P---0-L--R--T-G--EV-F-- K---
39 (30 ) IYEAVHALTL DTKLRTVOSCGT NL SLLD NFYYYODHIDRIFDPOYIPSDODILHCRIKTTGISEETFLL NRHH 
40 (30 ) IADAIROLWA DPGLKEAVRRSR EF OLND SAVYYFNSIDRMSAPGYLPTDODILRSRVKTTGITETTFKV GELT 
41 (34 ) IAGVISTLWA LPSTODLVNGPNASKF YLMD STPYFMENFTRITSPNYRPTOODILRSROMTSGIFDTVIDMGSDIK 
42-43 (98-141) IA-AI--LW--0-GIK-CF-RSN EF OLEG SA-YYFDN---FA--NY--TD-DILKGRIKTTGITET-F-1 -S--
44-45 (38 ) ----IE-LWK DPAIOET--RGN EL OVPD C--Y-MENL-R-SD--YIPTKEDVL-AR-RTTGVVEIOFSPVGENK 
consensus L L R T G 

Gene No. 
1- 6 (0) FHMFDVGGOR-ERRKWIOCFN DVTAI 1-V-A-S-YNMV-RED---NR--E-L-L--SIWNNRWLR-IS-ILFLNKOD-L-EK--A 

7-14 (0) FK-FDVGGORSERKKWIHCFE GVTAI IF-VA-S-YDL-LAED-EMNRM-ES-KLFDSICN-KWF--TSI ILFLNKKDLFEEKI 

15-19 (0) F-LFDVGGORSERKKW-HCFE DVTAI IFCVA---YDO-LHEDETINRM-ESLKLFDSICNNKWFT-TSI ILFLNKKD-F-EKI 

20 (0) FKMVDVGGORSERKKWIHCFE GVTAI IFCVELSGYDLKLYEDNOTSRMAESLRLFDSICNNNWFINTSLILFLNKKDLLAEKI 

21-23 (0) FRMFDVGGORSE-KKWIHCFE GVTCI IF-AAL-AYDMVLVED-EVNRMHESLHLFNSICNH--FA-TSIVLFLNKKD-F-EK-

24-27 (0) FRMVDVGGORSERRKWIHCFE -VTSI-FLVALSEYDO-L-E-DNENRMEESKALFRTI ITYPWF-NSSVILFLNKKDLLE-KI 

28-29 (0) LRIVDVGGO-SER-KWIHCFE NVIALIYLASLSEYDOCLEEN-OENRM-ESLALF-TILELPWFKSTSVILFLNKTDILE-KI 

30-32 (0) F--VDVGGOR--R--W--CFD---TSI-F-VSSSE-DOVL-EDR-TNRL-ES-NIF-TIVNN--F--SI ILFLNK-DLL--KV--

33 (0) LKIVDVGGORSORRKWIHCFD CVTAVIFVAAMSDYDOVLREDESVNRTRESLALFKEIVNCDYFKETPIVLFLNKKDLFKEKL 

34-35 (0) FR-VDVGGORSERKKW--CF- -VTAV-FCVALSEYDL-LYED--TNRM-ESL--F---CN--WF-NT--ILFLNK-0-F-EKI 

36-38 (0) FRV-DVGGORS-RKKWIHCF- D--A-1--A--SEY--VL-ED-TTNRM-ES--LF----N---F-NT--ILFLNK-DLF-EKI--

39 (0) YRFFDVGGORSERRKWIHCFE NVTALLFLVSLAGYDQCLVEDNSGNQMOEALLLWDSICNSSWFSESAMILFLNKLDLFKRKG 

40 (0) YKLFDVGGQRSERKKWIHCFE NVTALVFLVSLSEYDOMLYEDESVNRMOEALTLFDSICNSRWFVKTSI ILFLNKIDLFAEKL 

41 (0) MHIYDVGGQRSERKKWIHCFD NVTLVIFCVSLSEYDOTLMEDKNQNRFQESLVLFDNIVNSRWFARTSVVLFLNKIDLFAEKL 

42-43 (0) FKVLDAGGQRS-RKKWIHCFE -ITAVLFVLA-SEYDO-LFEDERVNRMHESI7LFD-L-NSKWF--TPFILFLNKID-FE-K-
44-45 (5) YRLFDVGGQRNERRKWIHLFE GVTAVIFCAAISEYDOTLFEDE-KNRMMETKELF-WVLKOPCFEKTSFMLFLNKFDIFE-KV 
consensus D GGQ W F E E LFLNK D K 

Gene No. 
1- 6 GKSK-- -YF-----Y--P (18-21) F-RD-FL- ( 0) -------G-HYCYPH-TCAVDTENI-RVF-DCRDI IORMHL (6) 
7-14 --SPLT IC-PEY-G-N-- ( 5 ) YI---FE- ( 0) LN--KD-KEIY- H-TCATDT-N--FVFDAVTDVI IK-NL (6) 

15-19 --SPLT ICFPEY-G---- ( 5 ) --0-0-E- ( 0) -NKS-- KEIY- H-TCATDT-NIOFVFDAVTDVI IA-NL (6) 
20 RRIPLT ICFPEYKGONTY ( 5 ) YIORQFED ( 0) LNRNKETKEIYS HFTCATDTSNIOFVFDAVTDVI IONNL (6) 
21-23 -K-HLS ICFP-Y-G-N-- ( 5 ) YIK-OFL- ( 0) LN-----KEIYS HMTCATDTQNVKF-FDAVTDI I IKENL (6) 
24-27 -YSHL- -YFPE--GP--- ( 6 ) F-LK---- ( 0) -NPD-- ---YS HFT-ATDTENI--VF-AVKDTI-0--L (6) 
28-29 -TSHLA TYFPSFQGP--D ( 6 ) FILDMY-R (12) -KG-R- RR-F- H-TCATDTO--R-VFKDVRDSVLARYL (6) 
30-32 ----1- ----F-G-PH- ( 6 ) -----F-- ( 0) -RR--------H HFTTAI-T-NI--VF--VKDTIL--NL (6) 
33 KRVPLQ SCFSDYTGPNKY ( 5 ) FIQSOYLA ( 0) OGPSP RTIYT HATCAVDTENIKFVFRAVROTILSOAL (3) 
34-35 ------ --F-EY-G---Y ( 5 ) -IK--F-- ( 0) -N---- K-IY- H-TCATDTNNI-VVF-AVKDI------ (7) 
36-38 K----- -AF----G---- ( 5- 6) ----K--- ( 0) ---N-- K--Y- H-TCATDT-OVO--LD-V---1----L (6) 
39 SHFPIO KHFPDYOEVGST (20 ) YFYLKFES ( 0) LNRIAS RSCYC HFTTATDTSLLORVMVSVODTIMSNNL (5) 
40 PARAS TYFPDFTGGDNY ( 5 ) YLLHRFVS ( 0) LNOSAATKOIYA HYTCATDTQQIKFVLSAIODILLOLHL (6) 
41 RKVPME NYFPDYTGGSDI ( 5 ) YILWRFVO ( 0) LNRAN LSIYP HVTOATDTSNIRLVFAAIKETILENTL (7) 
42-43 K--P-- -YFPDY-G---0 ( 6 ) -FE--FL- ( 0) -N-TN KPIYV -RTCATD---MKFVLSAVTD-1-00NL (6) 
44-45 --VPLN-CEWF-DYO-VS-G (13 ) KFEE-Y-0 ( 0) -TAPDRVDRVFKI YRTTALDOKLVKKTFKLVDETLRRRNL (6) 
consensus T A 

Figure 3 

Figure 3 (Continued) 
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Appendix 

Appendix A Alignment of the rhodopsin family receptors. 

Sequence numbers correspond to those of table 1 . 

Appendix 8 Alignment of the G protein a subunits. 

Sequence numbers correspond to those of table 3. 

Appendix 8' Alignment (a) and phylogenetic tree (b) of exons 7 and 8 

region of G protein ao1 and ao2, alternative splicing products of ao gene, and 

the corresponding regions of other a subunits . 

1. human o1 (M60165), 2. human o2 (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 

Appendix C2 

Expression and accession numbers of adenylyl cyclases. 

Alignment of adenylyl cyclases. 

Sequence numbers correspond to those of C 1. 

Appendix 01 E x p r e s s i o n  a n d  ac c e s s i o n  n umb e r s  o f  

phosphodiesterases. 

Appendix 02 Alignment of phosphodiesterases. 

Sequence numbers correspond to those of 01. 

Appendix E1 

Appendix E2 

Expression and accession numbers of phospholipase Cs. 

Alignment of phospholipase Cs. 

Sequence numbers correspond to those of E 1. 



rhodopsin family receptor (1} 

1. ( 37) SI.ILAAYl.IFLLIVLGFPINFLTLYVTVOHKKL (1) TPLNYILLNLAVADLFMVLGGF TSTLYTSLH ( 6) PTGCNLEGFFATLGGEIALWSLWLAIERYVWCK (10) HAIMGVAFTVM.IALACAAPPLA GWSRY 

2. ( 37) SALAAYI.IA.Ill LLGFPVNFL TLYVTI OHKKL ( 1) TPLNY I LLNLWADLFMVFGGF TTTMYTSMN ( 6) VTGCY I EGFFATLGGE I ALWSLWLAVERYVWCK {10) HA I MGVAFSWI MAI.IACAAPPLF GWSRY 

3. { 37) SALAAYMFFLILVGFPVNFLTLFVTVQHKKL (1) TPLNYILLNLAIAANLRAVLFGF TVTJ.IYTSMN ( 6) PTMCSIEGFFATLGGEVALWSLWLAIERYIVICK (10) HAIMGVAFlYIIUALACMPPLV GWSRY 

4. { 37) RLVCCYIFFLISTGLPINLLTLLVTFKHKKL (1) OPLNYILVNLAVADLFUACFGF TVTFYTAWN ( 6) PVGCAVEGFFATLGGOVALWSLWLAIERYIWCK (10) HAMUGIAFTWVUAFSCAAPPLF GWSRY 

5. ( 37) KVLSFYMFFLIMGI.f'LNGLTLFVTFOHKKL (1) OPLNYILVNLAMNLVTVCCGF MFYASWY ( 6) PIGCAIEGFFATIGGOVALWSLWLAIERYIVICK (10) HAIUGIAFlYIFUALACAGPPLF GWSRF 

6. ( 44) RAMAAFMFLLIALGVPINTLTIFCTARFRKL (1) SHLNYILVNLALANLLVILVGS TIACYSFSO ( 6) PTACKIEGFAATLGGAVSLWSLAWAFERFLVICK (10) HAVLGCVAlYIVLGFVASAPPLF GWSRY 

7. ( 34) YLOAAFMGTVFLIGFPLNAMVLVATLRYKKL (1) OPLNYILVNVSFGGFLLCIFSV FPVFVASCN ( 6) RHVCALEGFLGTVAGLVTGWSLAFLAFERYIVICK (10) HALTWLATWTIGIGVSIPPFF GWSRF 

B. ( 32) YLOTAFMGIVFAVGTPLNAWLWVTVRYKRL (1) OPLNYILVNISASGFVSCVLSV FWFVASAR ( 6) KRVCELEAFVGTI-m..VTGWSLAFLAFERYIVICK (10) HALLVWATWLIGVGVGLPPFF GWSRY 

9. ( 53) HLTSVWMIFVVTASVFTNGLVLAATMKFKKL (1) t-PUNIILVNLAVADLAETVIAS TtStVNOVS ( 6) tfliCVLEGYTVSLCGITGLWSLAIISWERWLWCK (10) LAIVGIAFSWIWSAVWTAPPIF GWSRY 

10. ( 53) HLTSVWMIFVVIASVFTNGLVLAATMKFKKL (1) t-PL�ILVNLAVADLAETVIAS TISWNOVY ( 6) tfliCVLEGYTVSLCGITGLWSLAI tSWERWUVVCK (10) LAIVGIAFSWIWAAVWTAPPIF GWSRY 

11. ( 50) NLTSLMIIFVVMSVFTNGLVLVAlYIKFKKL (1) t-PL�ILVNLAVADLGETVIAS TISVINOIS ( 6) tfliCWEGYTVSACGITALWSLAIISWERWFVVCK (10) LAVAGILFSWLWSCAWTAPPIF GWSRY 

12. ( 50) NLATCMIFFVWASTVTNGLVLVASAKFKKL (1) t-PLMVILVNLAIADLLETLLAS TISVCNOFF ( 6) tfliCVFEGFTVATCGIAGLWSLTVISWERWVWCK (10) MATAGIVFTWVWSAVWCAPPIF GWSRY 

13. ( 48) NVSSLWMIFVVIASVFTNGLVIVATAKFKKL (1) t-PLMVILVNLAIADLGETVLAS TISVINOIF ( 6) I-PI.ICVFEGWTVSVCGITALWSLTIISWERWVVVCK (10) WAAGGIIFSWVWAIIWCTPPIF GWSRY 

14. ( 50) NLASLWMIIWIASIFTNSLVIVATAKFKKL (1) t-PL�ILVNLAIADLGETVLAS TISVFNOVF ( 6) tfliCIFEGWTVSVCGITALWSLTIISWERWVVVCK (10) WAAGGIIFAWTWAIIWCTPPIF GWSRY 

15. ( 52) NLVSFFMIIWIASCFTNGLVLVATAKFKKL (1) t-PLMVILVNLAFVDLVETLVAS TISVFNOIF ( 6) 1-PLCVIEGYWSSCGITGLWSLAIISWERWFWCK (10) LAIIGIVFSWVWAWGWSAPPIF GWSRY 

16. ( 35) YSVGIFIGWGIIGILGNGWIYLFSKTKSL (1) TPAf'.I.IFIINLAIASOLSFSAINGFPLKTISAFM ( 6) KVACOLYGLLGGtFGFMSINTMAI.IISI�YNVIGl (11) RAFLMIIFVWMWSIVWSVGPVF 1-H/GAY 

17. ( 34) YSLGI FIAICGIIGCVGNGWIYLFTKTKSL (1) TP!W.Ifll NLAFSDFTFSLVNGFPLMTI SCFM ( 6) NAACKVYGLI GGI FGLMSIMTMTMISIDRYNVI Gl ( 11) KAFI Mil FVWIWSTIWAIGPIF GWGAY 

lB. ( 50) KILTAYMil.IIGMISWCGNGWIYIFATTKSL (1) TPANLLVINLAISDFGIMITNT PMMGINLYF ( 6) PMUCDIYAGLGSAFGCSSIWSt.t<liiSLORYOVIVK (10) LALGKIAYIWFMSSIWCLAPAF GWSRY 

19. ( 48) KFLAAYINLIATISWCGNGWIYIFSTTKSL (1) TPANLLVINLAISDFGII.tiTNT N.IGINLFY ( 6) Plt.ICOIYGGLGSAFGCSSILSI.ICMISLDRYNVIVK (10) LAII.tKIALIWFUASIWTLAPVF GWSRY 

20. ( 57) KILGLFTLAII.CIISCCGNGVWYIFGGTKSL (1) TPANLLVLNLAFSDFCWASOS PVMIINFYY ( 6) PLWCOIYAGCGSLFGCVSIWSMCMIAFDRYNVIVK (10) TSIMKILFIVMAAVFWTVI.PLI GWSAY 

21. ( 58) YLLGTLYIFFTLMSMLGNGLVI\WFSAAKSL (1) TPSNILVINLAFCDA.M.NKT PIFIYNSFH ( 6) HLGCOIFGIIGSYTGIAAGATNAFIAYORFNVITR (10) AIAI.C IIFIYMYATPWVVACYTETWGRF 

22. ( 54) YMLGVFY I FLFCASTVGNGMVIWI FSTSKSL ( 1) TPSIINFVLNLAVFOLI MCLKA PI F I YNSFH ( 6) NTWCOI FAS I GSYSGIGAGMTNM I GYDRYNVI T1< (1 Q) AVIIANII IWLYCTPWVVLPLTOFV!OOF 

23. ( 22) HLFYALFLVUYLTIILGNLLI IVLVOLDSOL (1) TPMYLFLSNLSFSDLCFSSVTM PKLLONMRS ( 6) YGGCLAOTYFFMVFGDMESFLLVAMAYDRYVAICF (11) LCTCLVLLLWMLTTSHAMUHTL LAARL 

24. ( 22) OLFFALFLIUYLTTFLGNLLIWLVOLDSHL (1) TPMYLFLSNLSFSDLCFSSVTM LKLLONIOS ( 6) YAGCLTOIFFFLLFGYLGNFLLVAMAYDRYVAICF (11) LCTCLLLVFWIUTSSHAMUHTL LAARL 

25. ( 24) LLFYALFLAUYLTI ILGNLLI IVLVRLDSHL (1) MPMYLFLSNLSFSDLCFSSVTM PKLLONMOS ( 6) YTGCLTOLYFFINFGDMESFLLWMAYDRYVAICF (11) FCASLVLLLWMLTUTHALLHTL LIARL 

26. ( 24) HLFYALFLAMYLTTLLGNLI I I ILILLDSHL (1) TPMYLFLSNLSFADLCFSSVTM PKLLONMOS ( 6) YAGCLAOIYFFLFFGDLGNFLLVAMAYDRYVAICF (11) LCVSLVVLS\WLTIFHAMLHTL lMARL 

27. ( 24) HVFYALFLSUYLTTVLGNLIIIILIHLDSHL (1) TPMYLFLSNLSFSDLCFSSVTM PKLLO�OS ( 6) FAGCLTOLYFYLYFADLESFLLVAMAYDRYVAICF (11) LCVSLVVLSWVLTIFHAI.CLHTL LMARl 

28. ( 24) OLLFLLFLIMYLATVLGNLLIILAIGIDSRL (1) TPMYFFLSNLSFVDVCFSSTTV PKVLANHIL ( 6) FSGCLTOLYFLAVFGtiDNFLLAVJ.ISYDRFVAICH (11) LCVLLVVGSWWAI'f.INCLLHIL lMARL 

29. ( 25) FLIFALFLSUYLVTVLGNLLIIMAIITOSHL (1) TPMYFFLANLSFVDICFTSTTI PKMLVNIYT ( 6) YEDCISOMCVFLVFAELGNFLLAWAYORYVAXCH (11) LCILLLLLS\WISIFHAFIOSL IVLOL 

30. ( 24) PLI YGLFLSUYLVTVIGNI S II VAll SDPCL ( 1) TPMYFFLSNLSFVDI CFI STTV PKMLVN I OT ( 6) YAGC ITO I YFFLLFVELDNFLLT IMAYORYVAI CH (11) LCGFLVLVSWI VSVLHALFOSL UULAL 

31. ( 25) VLLFFLSLLXYVLVL TENMLIII AI RNI-PTL ( 1) KPUYFFLANMSFLEI WYVTVT I PKMLAGF I G ( 1 0) FEACMTOLYFFLGLGCTECVLLAWAYORYVAI CH (11) LCVOMAAGSWAGGFGI SI.IVKVF Ll SRL 

32. ( 27) IGLFLLFLVUYLLTWGNLAIISLVGAI-f1CL (1) TPMYFFLCNLSFLEIWFTTACV PKTLATFAP ( 6) LAGCAlOI.IYFVFSLGCTEYFLLAWAYDRYLAICL (11) LAMRLALGSWLCGFSAITVPAT LIARL 

33. ( 24) NLCYALFLAUYLTILLGNLLIIVLIRLDSHL (1) TPMYLFLSNLSFSDLCFSSVTI PKLLONMON ( 6) YADCLTOI.IYFFLLFGDLESFLLVAMAYDRYVAICF (11) LCLALVALS\WLTTFHAMLHTL LUARL 

34. ( 35) ITLFGVFLALYILTLAGNIIIVTIIRIDLH... (1) TPMYFFLSI.ILSTSETVYTLVIL PRMLSSLVG ( 6) LAGCATOMFFFVTFGITNCFLLT�YDAYVAICN (11) LRIOLVLGACSIGLIVAITOVT SVFRL 

35. ( 24) DLFYALFLAUYVTIILGNLLIIVLIOLDSHL (1) TPMYLFLSNLSFSDLCFSSVTM PKLLOI'f.IOS ( 6) YAGCLTOI.IYFFLFFGDLESFLLVAMAYDRYVAICF (11) LCFSLLVLSWVLTIIFHAVLHTL LUARL 

36. (359) DFLRVLIWL I Nl LAIMGf-itTVLFVLLTSRYK (1) TVPRFLMCNLSFADFCMGLYLL Ll ASVDSOT (13) GSGCSTAGFFTVFASELSVYTL TVITLERWHTI TY (11) HAl L lloiLGGWLFSSLI AI.CLPLV GVSNY 

37. (362) NILRVLIWFISILAITGNIIVLVILTTSOYK (1) TVPRFLMCNLAFADLCIGIYLL LIASVDIHT (13) GAGCDMGFFTVFASELSVYTLTAITLERWHTITH (11) HAASVWI.OVIFAFAAALFPIF GISSY 

38. ( 414) KFLR I VVWFVSLLALLGNVFVLL ILL TSHYK ( 1) NVPRFLUCNLAFADFCMGMYLL Ll AS VOL YT ( 13) GPGCNT AGFFTVFASELSVYTL TV ITLERWY A I TF ( 11) HACA IINGGWVCCFLLALLPLV G I SSY 

39. ( 32) VLWAAAYTVIVVTSWGNVV'MIIILAH� (1) TVTNYFLVNLAFAEASMAAFNT WNFTYAVH ( 6) LFYCKFHNFFPIMVFASIYSI.ITAVAFORYMAIIH ( 9) ATI<WICVI\WLALLLAFPOGY YSTTE 

40. ( 33) ALWAPAYLALVLVAVTGNAIVIWIIl..Aiflf.l (1) TVTNYFIVNLALADLCMAAFNA AFNFVYASH ( 6) RAFCYFONLFPITAMFVSIYSUTAIMORYMAIVH ( 9) STKAVIAGIWLVALALASPOCF YSM 

41. ( 85) ALWSLAYGVWAVAVLGNLIVIWIILAHKR.I (1) TVTNYFLVNLAFSDASMAAFNT LVNFIYALH ( 6) ANYCRFONFFPITAVFASIYSUTAIAVOOYMAIID ( 9) ATI<IVIGSIWILAFLLAFPOCL YSKTK 

42. ( 60) ALWSLAYGAWAVAVLGNLVVIWIVLAHKR.I (1) TVTNSFLVNLAFADAAMAALNA LVNFIYALH ( 6) ANYCRFONFFPITAVFASIYSI.ITAIAVOOYMAIID ( 9) A1RIVIGSIWILAFLLAFPOCL YSKIK 

43. (101) VLWSILFGGINI VATGGNLI VVWI WT"Tm.t (1) TVTNYFIVNLSIADAI.CVSSLNV TFNYYYMLD ( 6) EFYCKLSOFI AI.ILSI CASVFlliAAI Sl ORYVAIIR ( 9) CNLAIAAVIWLASTLI SCPt.t.lll YRTEE 

44. ( 83) TIWAIIFQ..I.IM=VAIAG�IVLWIVTGl-flSU (1) TVTNYFLLNLSIADLLMSSLNC VFNFIFMLN ( 6) SIYCTINNFVANVTVSTSVFTLVAISFDRYIAIVD ( 9) MIILVLIWALSCVLSAPCLL YSSILI 

45. ( 71) ALLIVAYSFTIVFSLFGIWLVCHVIFKN<RI (1) SATSLFIVNLAVADIMITLLNT PFTLVRFVN ( 6) KGMCI-NSRFAOYCSLHVSALTLTAIAVORI{JVI� ( 9) KGVIYIAVIVIVNATFFSLPHAI COKLF 

46. ( 90) IIVYULYIPIFIFALIGNGTVCYIVYSTPRM (1) TVTNYFIASLAIGDILMSFFCE PSSFISLFI ( 7) LALCHFVNYSOAVSVLVSAYTLVAISIDRYIAIJ.M ( 9) YATFliAGVWFIALATALPIPI VSGLD 

47. ( 40) FTLALAYGAVIILGVSGNLALIIIILKOKEM (1) NVTNILIVNLSFSDLLVAIMCL PLTFVYTLM ( 6) EAI.CCKLtflFVOCVSITVSIFSLVLIAVERHOLIIN ( 9) HAYVGIAVIWVLAVASSLPFLI YOWT 

48. ( 56) ALOILLYSIIFLLSVLGNTLVITVLIRNKRM (1) MNIFLLSLAVSDL.MLCLFCM PFNLIPNLL ( 6) SAVCKTITYFLIGTSVSVSTFNLVAISLERYGAICR (14) KVIAAOCLSFTILITPYPIYSN LVPFT 

49. ( 54) AIRITLYAVIFUISVGGNVLIIVVLGLSRRL (1) MNAFLLSLAVSDlLLAVAOA PFTLLPNLM ( 6) TVICKAISYUIGVSVSVSTLf'.LVAIALERYSAICR (11) HAARVILATWLLSGWIVPYPV YTINO 

50. ( 54) AIRVTLYAVIFLMSVGGNVLIIVVLGLSRRL (1) MNAFLLSLAVSDLLLAVAOA PFTLLPNLM ( 6) TWCKAVSYUAGVSVSVSTLSLVAIALERYSAICR (11) HAARVIIATWMLSGLLINPYPV YTAVO 

51. (SO) YINTVISCTIFIVGMVGNATLLRIIYONKOA (1) t-G'NALIASLALGDLIYWIDL PINVFKLLA (11) VFLCKLFPFLOKSSVGITVLNLCALSVOOYRAVAS (11) VTAIEIVSIWILSFILAIPEAI GFVIN 

52. (101) VI NTVVSCLVFVLGII GNSTLLRII YKNKOA (1) t-G'NI L IASLALGDLLHI VI 0 I PI NVYKLLA ( 6) AEUCKLVPF I OKASVGI TVLSLCALSI DRYRAVAS (11) WTAVE I VLIWVVSWLAVPEAI GFO II 

53. ( 40) YVIPAVYGVIILIGLIGNITLIKIFCTVKSU (1) mPNLFISSLALGDLLLLITCA PVDASRYLA ( 6) RIGCKLIPFIOLTSVGVSVFTLTALSAOOYKAIVR (11) KICLKAAFIWIISiolil.AIPEAV FSDLH 

54. ( 43) CVIPSLYLLIITVGLLGNII.l.VK1FITNSAI.I (1) SVPNIFISNLAAGDLLLLLTCV PVDASRYFF ( 6) KVGCKLIPVIOLTSVGVSVFTLTALSAOOYRAIVN (11) RTCVIWMliWVVSVLLAVPEAV FSEVA 

55. ( 64) VLVTAIYLALFVVGTVGNSVTAFTLARKKSL (4) STVHYii..GSLALSDLLILLLAM PVELYNFIW ( B) DAGCRGYYR.J{)ACTYATALNVASLSVERYLAICH (11) RTI<KFISAIWLASALLAIPULF 1\IGI...Q 

56. ( 37) RAELALLSIVFVAVALSNGLVLAALAR Rffi (4) APIHVFIGHLCLADLAVALFOV LPOLAWKAT ( 6) DALCRAVKYLOIIVGMYASSYUILAilTI..OOiflAiffi (11) 1-NMf'VLVAWAFSLLLSLPOLF IFAOR 

57. ( 51) KLEIAVI...AVIFVVAVLGNSSVLLALiflTPRK (1) SAUI-t..FIRHLSLADLAVAFFOV LPOLCWTSP ( 5) DM...CRVVKii..OVFAI.FASAYI.l.VVUTAOOYIAVCH (10) RSAUIIATSWVLSFILSTPOYF IFSVI 

58. ( 39) RVEVAVLCLILLLALSGNACVLLALRTTROK (1) SRLFFFLIKHLSIADLVVAVFOV LPOLLVlliT ( 6) DLLCRLVKYLOWGMFASTYLLLLMSLOOCLAICO (12) AVLATWLGCLVASAPOVHIFSL REVAD 

59. ( 35) KIRVTVTFFLFLLSTAFNASFLLKLOK WTO (8) SPJ.IKVLLKHLTLANLLETLIW PLDGI.IWNIT ( 6) EFLCKVLSYLKLFSUYAPAFti.IWISLDRSLAITO ( 9) LEQSUISLAWILSIVFAGPOLY IFR.II 

60. ( 25) VVTILLWIICGLGIVGNIINVLVW1TKI-f.A (1) TPTNCYLVSLAVADLINLVAAG LPNITDSIY ( 6) YVGCLCITYLOYLGINASSCSITAFTIERYIAICH (11) RAKKIIIFVWAFTSIYOALWFF LLDLN 

61. (116) LA I AVLSL TLGTFTVLENLLVLCV I LHSRSL (2) ff>SYI-F I GSLAVADLLGSV I FV YSFI DFHVF ( 5) RNVFLFKLGGVTASFTASVGSLFLTAI DRY IS llfl ( 11) KAWAFa..JIIVT I A IV I AVLPLL GWNCE 

62. ( 45) KLTSVVFILICCFIILENIFVLLTIWKTI<KF (1) Ff'UYYFIGNLALSDLLAGVAYT ANLLLSGAT ( 5) PAOWFLREGSI.IFVALSASVFSLLAIAIERYITIALK (10) RLFLLISACWVISLILGGLPII.C GWNCI 

rhodopsin fam11y receptor (2) 

Appendix A 

63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
so. 
Bl. 
B2. 
83. 
84. 
85. 
86. 
87. 
BB. 
B9. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
9B. 
99. 

( 44) tflYID I VLCSSGTL I CCENAVVVL II FHSPSL ( 1) APLIFLLI GSLALADLLAGLGL I I NFVFAYLL ( 2) EA TKL VT I GL I VASFSASVCSLLA I TVDRYLSL YY ( 11 ) LYUliL WLWGTSTCLGLLL YG LELPE 
( 9) AAY I Gl EVLIALVSVPGNVLVI WAVKVNOAL (1) DATFCFI VSLAVADVAVGALVI PLAI L I Nl G ( 4) FHTUJ.fVACPVL I LTQSSI LALLAIAVOOYLRVKI ( 11) RAAVA IAGCW I LSLWGL TPMF GWNN... 

100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
lOB. 
109. 
110. 
111. 
112. 
113. 
114. 
115. 
116. 
117. 
118. 
119. 
120. 
121. 
122. 
123. 
124. 

consensus 

( 3) SVYITVELAIAVLAILGNVLVCWAVWI...NSNL (1) NVTNYFVVSLAAADIAVGVLAI PFAITISTG ( 4) Cli]QFIACFVLVLTOSSIFSLLAIAIDAYIAIRI (11) RAKGIIAICWVLSFAIGLTPML GWNNC 
( 7) ALYVALELVIAALSVAGNVLVCAAVGTANTL (1) TPTNYFLVSLAAADVAVGLFAI PFAITISLG ( 4) FYGCLFLACFVLVLTOSSIFSLLAVAVOOYLAICV (11) RARGVIAVLWVLAFGIGLTPFL GWNSK 
( 14) ITYVTJ.IEAAIGLCAWGt'.liii...VIWVVKLt-11TL (1) ffiFYFIVSLALADIAVGVLVI PLAIAVSLE ( 4) FYACLFMSCVLLVFTHASIMSLLAIAVOOYLRVKL (11) RIWLFL GLCWLVSFLVGLTPUF GWNRK 
( 25) AFIGITIGLLSLAMGNLLVLISFKVNTEL (1) TV�FLLSLACADLIIGTFSM NLYTIYLLI.t ( 6) TLACDLWLALDYVASNASVMNLLLISFDRYFSVTR (11) RAAUIIGLAWLVSFVLWAPAIL FWOYL 
( 68) VFIAFLTGI LALVTIIGNI LVIVSFKVNKOL (1) TVNNYFLLSLACADLIIGVISU NLFTIYIIM ( 6) NLACDLWLAIDYVASNASVLINLLVISFDRYFSI 1R (11) RAGWIGLAWVI SFVLWAPAI L FWOYF 
( 30) I TIMVTAVVSLITIVGNVLWISFKVNSOL (1) TVNNYYLLSLACADLIIGI FSM NLYTIYI LM ( 6) SLACOLWLALDYVASNASVMNLLVISFDRYFSI TR (11) RAGILIIGLAWLI SFILWAPAI L CWOYL 
( 23) VFIVLVAGSLSLVTIIGNILVINSIKVt-11HL (1) TVNNYFLFSLACADLIIGVFSM NLYTLYTVI ( 6) PWCOLWLALDYWSNASVMNLLIISFDRYFCVTI< (11) MAGMUIAAAWVLSFILWAPAIL FWOFI 
( 26) VFIVLVAGSLSLVTIIGNILVINSIKVt-11HL (1) TVNNYFLFSLACADLIIGIFSM NLYTLYTVI ( 6) PWCDLWLALDYWSNASVMNLLIISFDRYFCVTI< (11) MAGI.toiiAAAWVLSFILWAPAIL FWOFI 
( 32) VFIAMGSLSLVTWGNILWLSIKVt-110L (1) TVNNYFLFSLACADLIIGAFSM NLYTVYIIK ( 6) AWCOLWLALDYWSNASVI.INLLIISFDRYFCVTI< (11) MAGUIIAAAWVLSFVLWAPAIL FWOFV 
( 42) VFIAMGSLSLVTWGNILWLSIKVt-110L (1) TVNNYFLFSLACADLIIGVFSM NLYTVYIIK ( 6) AWCOLWLALDYWSNASVLINLLIISFDRYFCVTI< (11) MAGLLIIAAAWILSFILWAPAIL FWOFI 
( 33) IFIAMGSLSLVTWGNILVIALSIKVt-110L (1) TVNNYFLFSLACADLIIGVFSM NLYSLYIIK ( 6) PIVCOLWLALDYWSNASVI.INLLIISLERXFCVTI< (11) MAGLLIIAAAWLLSFELWAPAIL FWOFI 
( 1 04) VWGFVAAI LSTVTVAGNVMVUI SFKI DKOL ( \) Tl SNYFLFSLAIADFA I GA ISM PLFAVTII L ( 6) PIVCOTWLALDYLASNASVLNLL II SFDRYFSVTR (11) RAAVIoAI GAAWGI SLLLVIPPWI Y Sv.PYI 
( 28) TPLVWLSTISLVTVGLM..LVLYAVRSERKL (1) TVGNLYIVSLSVADLIVGIIVVM PMNILYLLM ( 6) RPLCLFWLSI.OYVASTASIFSVFILCIDRYRSVOO (11) RASITILAAWFLSFLWIIPIL GVIRHF 
( 1 B) IT I TWLAVLI Ll TVAGNVWCLAVGLI'ml ( 1) NLTNCF IVSLAI TDLLLGLLVL PFSA I YOLS ( 6) KVFCNIYTSLDVMLCTAS I LNLFM I SLORYCAVI() (11) RVAI SLVL I \WI Sl TLSFLS I HLGWNSR 
( 58) AQ.G..LMALIVLLIVAGNVLVIVAIAKTPRL (1) TLTNLFIMSLASADLWGLLW PFGATIVVW ( 6) SFFCELWTSVDVLCVTASIETLCVIALDRYLAITS (11) RARGLVCTVWAI SALVSFLPI LMKM\'RA 
( 41) AG.tSLLUALVVLLIVAGNVLVI MIGRTORL (I) TLTNLFITSLACADLVMGLLW PFGATLWR ( 6) SFLCECWTSLDVLCVTAS I ETLCV IAI DRYLA ITS ( 11) RAKVI I CTVWAI SALVSFLP I t.IAHMYF{) 
( 33) VG.IGIWSLIVLAIVFGNVLVITAIAKFERL (1) MNYFITSLACADLVMGLAW PFGAAHILM ( 6) NFWCEFWTSIDVLCVTASIETLCVIAVOOYFAITS (11) KARVIILUVWIVSGLTSFLPIOMI-NiYRA 
( 37) ALAGALLALAVLATVGGNLLVIVAIAWTPRL (1) TMTNVFVTSLAAADLWGLLW PPAATLALT ( 6) ATGCELWTSVDVLCVTASIETLCALAVDRYLAVTN (11) CARTAVVLVVNVSAAVSFAPIIJ.SOWiftfV 
( 54) VGVGVFLMFILMAVAGNLLVILSVACt-11rt.. (1) TVTNYFIVNLAVADLLLSATVL PFSATMEVL ( 6) RAFCOVWAAVDVLCCTASILSLCTISVDRYVGVRH (11) KAAAILALLWVVALVVSVGPLL GWKEP 
( 45) ISVGLVLGAFILFAIVGNILVILSVACt-11HL (1) TPTNYFIVNLAIADLLLSFTVL PFSATLEVL ( 6) SFFCOIWAAVDVLCCTASILSLCAISIDRYIGVRY (11) KAILALLSVWVLSTVISlGPLL GWKEP 
( 26) I LLGVI LGGLI LFGVLGNI LVI LSVACiflHL (1) SVTHYY I VNLAVADLLL TSTVL PFSA I FEI L ( 6) RVFCNVWMVDVLCCTAS II.CGLCII SIDRY IGVSY ( 11) RGLMALLCVWALSLVIS I GPLF GVIRC»> 
( 33) LTLVCLAGLLULLTVFGNVLVIIAVFTSWIL (1) APONLFLVSLASADILVATLVI PFSLANEW ( 6) KTWCEIYLALDVLFCTSSIVHLCAISLDRYWSITO (11) RIKAIIITCWVISAVISFPPLI SIEKK 
( 51) AGLMWGFLIVFTWGNVLWIAVLTSRAL (1) APONLFLVSLASADILVATLVM PFSLANELM ( 6) OVWCGVYLALDVLFCTSSIVHLCAISLDRYWSVTO (11) RVKATIVAVWLISAVISFPPLV SLYRO 
( 12) AAIAMITFLILFTIFGNALVILAVLTSRSL (1) APONLFLVSLAAADILVATLII PFSLANELL ( 6) RTWCEVYLALDVLFCTSSIVHLCAISLDRYWAVSR {11) RIKCIILTVWLIMVISLPPLI YKGDO 
(109) LLTALVLSVIIVLTIIGNILVILSVFTYKPL (1) IVONFFIVSLAVADLTVALLVL PFNVAYSIL ( 6) IHLCKLWLTCOVLCCTSSILNLCAIALDRYWAIID (11) RVLLLISGVWLLSLLISSPPLI GWtUI 
( 36) VITSLLLGTLIFCAVLGNACWAAIALERSL (1) NVANYLIGSLAVTDLINSVLVL PMMLYOVL ( 6) OVTCOLFIALDVLCCTSSILHLCAIALDRYWAIID (10) FPRALISLTWLIGFLISIPPIL GV!RTP 
( 49) VLLVMLLAL I TLATTLSNAFVI ATVYRTRKL ( 1) TPANYLI ASLAVTDLLVS I LVM PI STMYTVT ( 6) OWCOFWLSSD ITCCTAS I LHLCVI ALDRYWA I ID ( 11) RAAVM I ALVWVFS IS I SLPPFF �OA 
( 38) ISLAWLSVI TLATVLSNAFVLTTI LLTRKL (1) TPANYLI GSLATTDLLVSI LVM PI SIAYTI T ( 6) 01 LCDIWLSSDI TCCTASILHLCVIALDRYWAI ID (11) HAAT\IIAI VWAI SIC I SIPPLF �OA 
( 22) MLICMTLWITTLTILLNLAVIMAIGTTKKL (1) OPANYLICSLAVTDLLVAVLVM PLSIIYIVM ( 6) YFLCEVWLSVDMTCCTCSILHLCVIALDRYWAITN (11) RAALUILTVWTISIFISI.f>PLF �H 
(162) IFVSIVLLIVI LGTWGNVLVCI AVCINRKL (1) RPCNYLLVSLALSDLCVALLVM PMALLYEVL ( 6) PLLCOIWVSFOVLCCTASI LNLCAIS�YLAITK ( 11) FU4LCVGI VWLAMCI SLPPLL ILGNEH 
(226) AVTSVLLGLI.CILVTIIGNVFVIAAIILERNL (1) NVANYLVASLAVADLFVACLVM PLGAVYEIS ( 6) PELCOIWTSCOVLCCTASILHLVAIAVOOYWAVTN (10) RVRt.tiFCVWTMVIVSLAPOF GWKa> 
(118) IAMAWLGLUILVTIIGNVFVIAAIILERNL (1) NVANYLVASLAVADLFVACLVM PLGAVYEIS ( 6) PELCDIWTSCOVLCCTASILHLVAIAADRYWTVTN (10) RVFLUIFCVWFAALIVSLAPOF GWKCf' 
( 53) MWALSIVIIIIIATIGGNILVIMAVSMEKKL (1) NATNYFLMSLAIAOI.ILVGLLW PLSLLAI LY ( 7) RYLC?VWI SLDVLFSTASILIHLCAISLDRYVAIRN (11) KAIMKIAIVWAISI GVSVPIPVIGLffiE 
( 74) MYSALLTAWII LTIAGNI LVI MAVSLEKKL (I) NATNYFLMSLAIADIALLGFLVM PVSML Tl LY ( 7) SKLCAVWI YLDVLFSTASIMHLCA I SLDRYVA I ON (11) KAFLK IIAVWTI SVGI Sl.f>l PVFGLQOO 
( 53) hWAALLI FA VII PTI GGNI LVI LAVSLEKRL (1) YATNYFLMSLAVADLLVGLFVM PI ALLTIMF ( 7) LALCPAWLFLDVLFSTASI MHLCA I SLDRY lA I KK ( 11) TAFVK I TVVWLI Sl Gl AI PVP I KGI EAD 
( 23) ILTACFLSLLILSTLLGNTLVCAAVIRFRHL (2) KVTNFFVISLAVSDLLVAVLW PWKAVAEIA ( 6) S FCNIWVAFDIMCSTASILNLCVIS�YWAISS (11) AAFILISVAWTLSVLISFIPVOLSWHKA 
( 40) VVTACLLTLLIIWTLLGNVLVCAAIVRSRHL (2) NMTNVFIVSLAVSDLFVALLVM PWKAVAEVA ( 6) A FCDVWVAFDIMCSTASILNLCVISVOOYWAISR (11) MALVINGLAWTLSILISFIPVQLMVIfl) 
( 34) NYYATLLTLLIAVIVFGNVLVCMAVSREKAL (1) ffiNYLIVSLAVADLLVATLVM Pif'NYLEW ( 6) Rli!COIFVTLDVIIACTASILNLCAISIDRYTAVAM (12) RVMIISIVWVLSFTISCPLLF GLNNA 
( 28) NYYAI.CLLTLLVFVIVFGNVLVCIAVSREKAL (1) ffiNYLIVSLAVADLLVATLVM PiiAVYMEW ( 6) RIHCDIFVTLDVII.ICTASILNLCAISIDRYTAVAM (12) RVMIISVVWVLSFAISCPLLF GLNNT 
( 29) AYYALSYCALILAIIFGNGLVCAAVLRERAL (\) ffiNYLVVSLAVADLLVATLVM Pif'NYLEVT ( 7) RICCOVFVTLDVt.t.ICTASILNLCAISIDAYTAVW (14) RVALI.CITAVWVLAFAVSCPLLF GFNTT 
( 34) AAALVGGVLLIGAVLAGNSLVCVSVATERAL (1) TPTNSFIVSLAAADLLLALLVL PLFVYSEVO ( 7) PRLCOALMAM)WLCTASIFNLCAISVOOFVAVAV (11) ROLLLIGATWLLSMVMPVLC GUllV 
( 32) PIVI-NIVIMSISPVGFVENGILLWFLCF RLf1 (1) NPFTVYITHLSIADISLLFCIF ILSIDYALD ( 7) ffiiVTLSVTFLFGYNTGLYLLTAISVERCLSVLY (11) OSALVCALLWALSCLvrntEYV MCIDA 
( 75) NIIAPKAVLVSLCGVLLNGTVFWLLCC GAT (0) NPYMVYILHLVAADVIYLCCSA VGFLOVTLL ( 6) FFIPOFLAILSPFSFOVCLCLLVAISTERCVCVLF (11) TSNVVCTLIWGLPFCINIVKSL FLTYT 
( 44) AVTNYIFLLLCLCGLVGNGLVLWFFGF SIK (1) TPFSIYFLHLASADGIYLFSKA VIALLf.IJGT ( 6) DYVmVSRIVGLCTFFAGVSLLPAISIERCVSVIF (11) LSAGVCALLWLLSFLVTSIHNY FQ.IFL 
( 24) IASPWFAASFCWGLASNLLALSVLAGAROG (5) SSFLTFLCGLVLIDFLGLLVTG TlVVSOHAA (10) CRLffiFI.IGWMIFFGLSPLLLGAAMASERYLGITR (11) RAWATVGLVWAAALALGLLPLL GVGlY 
( 25) SVSVAFP I TLNVTGFVGNALAI.CLLVSRSYRR (6) KSFLLC I GWLAL TDLVGOLL TS PVV I L VYLS ( 1 0) GRLCTFFGL TMTVFGLSSLLVASAI.CAVERALA IRA ( 1 0) RA TPVLLGVWLSVLAFALLPVL GVGRY 
( 26) ILPLVVLGVTFVLGVLGNGLVI\WAGF RUT (1) TVTIICYLNLALADFSFTATLP FLIVSMAMG ( 6) WFLCKLIHIVVDINLFGSVFLIGFIALDRCICVLH (11) LAMKVIVGPWILALVLTLPVFL FLTTV 
( 26) IITYLVFAVTFVLGVLGNGLVI\WAGF RMT (1) TVTIISYLNLAVADFCFTSTLP FFMVRKAMG ( 6) WFLCKFVFTIVDINLFGSVFLIALIALDRCVCVLH (11) LAKKVIIGPWVMALLLTLPVII RVTTV 
( 26) IFSLLVHGVTFVFGVLG�LVI\WAGF RMT (1) TVNTICYLNLALADFSFSAILP FRMVSVAMR ( 6) SFLCKLVHVMIDINLFVSVYLITIIALDRCICVLH (11) LAKRWTGLWIFTIVLTLPNFI FWTII 
( 37) ILALVIFAVVFLVGVLGNALVV\WTAF EAK (l) TINAIWFLNLAVADFLSCLALP ILFTSIVOH ( 6) GMCSILPSLILL�ASILLLATISADRFLLVFK (11) LAWIACAVAWGLALLLTIPSFLYRWRE 
( 44) YTLSFIY IFIFVIGI.IIANSVVV\WNIOAKTI (1) YDTHCYI LNLAIADLWVVLTIP VVNVSLVOH ( 6) ELTCKVTHLI FSI NLFSGI FFLTCUSVOOYLSITY (11) VRRWCI LVWLLAFCVSLPDTY YLKTV 
( 28) WIPTLYSIIFWGIFGNSLWIVIYFYMKL (1) TVASVFLLNLALADLCFLLTLP LWAVYTAME ( 6) NYLCKIASASVSFNLYASVFLLTCLSIDRYLAIVH {11) VAKVTCIIIWLLAGLASLPAII HiNVF 
( 39) YVVIIAYALVFLLSLLGNSLWLVILYSRVG (1) SVTDVYLLNLALADLLFALTLP IWMSKVNG ( 4) TFLCKWSLLKEVNFYSGILLLACISVOOYLAIVH (10) LVKFVCLGCWGLSMNLSLPFFL FROAY 
( 43) YFVVIIYALVFLLSLLGNSLWLVILYSRVG (1) SVTDVYLLNLALADLLFALTLP IWMSKVNG ( 4) TFLCKWSLLKEVNFYSGILLLACIS�YLAIVH (10) LVKFICLSIWGLSLLLALPVLL FffiTV 
( 38) IFLPTIYSIIFLTGIVG�LVIL�YOKKL (1) SUTDKYRLHLSVADLLFVITLP FWAVDAVAN ( 4) NFLCKAVHVIYTVNLYSSVLILAFISLDRYLAIVH (11) AEKVVYVGVWIPALLLTIPDFI FAI'NS 
( 11) TLFPI VYS II FVLGVIANGYVL\WFARLYPC (3) NEI K I FINNL TMADIALFLI TLP LWI VYYONO ( 6) KFLCNVAGCLFFI NTYCSVAFLGVITYt-11FOAVTR (11) RGI SLSLVI \WAIVGAASYFLI LDSTN 
(1 02) LFVPSVYTGVFVVSLPLNIMAIWFILKMKV (1) KPAVVYMLHLATADVLFVSVLP FKI SYYFSG ( 6) SELffiFVTAAFYCN.IYASILLUTVISIDRFLAVVY (11) RASFTCLAIWALAI AGVVPLVL KEOTI 
( 57) TIOPPFL\WLFVLATLENIFVLSVFCLHKSS (1) TVAEIYLGNLAAADLILACGLP FWAITISNN ( 6) ETLCRWNAIISMNLYSSICFLJALVSIORYLALVK (11) WAKLYSLVIWGCTLLLSSPMLV FRTMK 
( 58) ILISFIYSWCLVGLCGNSINIYVILR YAK (2) TATNIYILNLAIADELLMLSVP FLVTSTLLR ( 5) ALLffiLVLSVDAVtf.IFTSIYCLTVLSVOOYVAVVH (11) VAKWNLGV\WLSLLVILPIW FSRTA 
( 43) AVLTFIYFWCIIGLCGNTLVIYVILR YAK (2) TITNIYILNLAIADELFMLGLP FLAMOVALV ( 5) KAiffiVWTVDGINOFTSIFCLTWSIDRYLAWH (11) TAl<Mill.IAVWGVSLLVILPiijl YAGLR 
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rhodopsin family receptor (3) 

1. (20) NNESFVI YMFVVI-FTI PM Ill FFCYGOLVFTV ( 15) AEKEVTPJ.NIII.NIAFLI CWVPYASVAFY I FT ( 9) FMTI PAFFAKSMIYr-f'VI Y IMMNK ( 37) 
2. (20) NNESFVIYMFWHFMIPLAVIFFCYGNLVCTV ( 15) AEKEVTRWIII.NIAFLICWVPYASVAFYIFT ( 9) FMTIPAFFAKSSAIYr-f'VIYIVUNK ( 40) 
3. (20) NNESYVVYMFWHFLVPFVIIFFCYGRLLCTV ( 15) AEKEVTRMWLl.tVIGFLVCWVPYASVAFYIFT ( 9) FMTLPAFFAKSSALYr-f'VIYILMNK ( 42) 
4. (20) HNESYVLYUFVIHFIIPWVIFFSYGRLICKV ( 15) AEKEVTPJ.NILl.tVLGFULAWTPYAWAFWIFT ( 9) LUAVPAFFSKSSSLYr-f'IIYVLMNK ( 44) 
5. (20) HNESYVIYUFIVHFTVPVVVIFFSYGRLVCKV ( 15) AEKEVTPJ.NILMVLGFLLAWTPYAATAIWIFT ( 9) FMTIPAFFSKSSSIYr-f'l IYVLLNK ( 44) 
6. (20} HNESYVLFLFTFCFGVPLAIIVFSYGRLLITL ( 15) ADREVTKMVWMVLGFLVCWAPYTAFALWVVT ( 9) LASIPSVFSKSSTVYr-f'VIYVLMNK ( 43) 
7. (20) RSESYTWFLFIFCFIVPLSLICFSYTQLLRAL ( 15) AEREVSRMVVVUVGSFCVCYVPYAAFAMYMVN ( 9) LVTIPSFFSKSACIYr-f'IIYCFMNK ( 40) 
8. (20) RSEYYTWFLFIFCFIVPLSLIIFSYSOLLSAL ( 15) AEREVSRMVVVUVGSFCLCYVPYAALAMYMVN ( 9) LVTIPAFFSKSACVYt-f'IIYCFMNK ( 41) 
9. (20) GVOSYUIVUNTCCIIPLAIIMLCYLOVWLAI ( 15) AEKEVTRMVVVMIFAYCVCWGPYTFFACFAAA ( 9) MAALPAYFAKSATIYr-f'VIYVFMt-fl ( 37) 

10. (20) GVQSYUIVLMVTCCITPLSIIVLCYLOVWLAI ( 15) AEKEVTRMWVMVLAFCFCWGPYAFFACFAAA ( 9) MAALPAFFAKSATIYr-f'VIYVFMI'R ( 37) 
11. (20) GVOSYI.NVLMVTCCFFPLA111LCYLOVSLAI ( 15) AEKEVSRMVVVMIVAYCFCWGPYTFFACFAAA ( 9) AAALPAYFAKSATIYr-f'IIYVFMt-fl ( 38) 
12. (20) GVOSYMIVLMITCCFIPLG111LCYIAVWWAI ( 15) AEKEVSRMVVVMIMAYCFCWGPYTFFACFAAA ( 9) AAAMPAYFAKSATIYWVIYVFMt-fl ( 17) 
13. (20) GVASYUITLMLTCCILPLSIIIICYIFVWSAI ( 15) AEKEVSRMVV\IMILAFIVCWGPYASFATFSAV ( 9) AAAMPAYFAKSATIYWIIYVFMt-fl ( 31) 
14. (20) GVASYI.NTLLLTCCILPLSVI11CYIFVWNA1 ( 15) AEKEVSRMVVVMILAFILCWGPYASFATFSAL ( 9) AMLPAYFAKSATIYWIIYVFMt-fl ( 31) 
15. (20) GCQSFMLTLMITCCFLPLFIIIVCYLOVWMAI ( 15) AEREVSPMVV'v'UIVAFCICWGPYASFVSFAAA ( 9) AMLPAYFAKSATIYWVIYVFUt-fl ( 39) 
16. (18) STRSFILCMYFCGFULPIIIIAFCYFNIVUSV ( 27) AE.UKLAKISMVIITOFMLSWSPYAIIALLAOF ( 9) AAELPVLFAKASAIHWIVYSVSKP (135) 
17. (18) TTRSNILCMYIFAFMCPIWIFFCYFNIVMSV ( 27) AEUKLAKISIVIVTOFLLSWSPYAWALLAOF ( 9) AAQLPVMFAKASAIHIPMIYSVSKP (132) 
18. (18) WRSYLIFYSIFVYYIPLFLICYSYWFIIAAV ( 28) AEGKLAKVALVTITLWFMAWTPYLVINCMGLF ( 8) NTIWGACFAKSAACYWIVYGISI-P ( 39) 
19. (18) WRSYLIFYSIFVYYLPLFLICYSYWFIIAAV ( 28) AEGKLAKVALVTISLWFI.IAWTPYTIINTLGLF ( 8) NTIWGACFAKSMCYtiPIVYGISrP ( 39) 
20. (18) 1-PRSYLITYSLFVYYTPLFLICYSYWFIIAAV ( 28) AEGKLAKVALTIISLWRAAWTPYLVICYFGLF ( 8) TIIWGATFAKTSAVYtiPIVYGISrP ( 40) 
21. (18) D1RLFVACIFFFSFVCPTTUITYYYSOIVGfN ( 29) AEIRIAKAAITICFLFFCSWTPYGVMSLIGAF ( 9) ATMIPACACKMVACIIYFVYAISifl ( 40l 
22. (18) DTRLFVGTIFFFSFVCPTLMILYYYSOIVGfN ( 29) AEIRIAKAAITICFLFFVSWTPYGVMSLIGAF ( 9) ATMIPACTCKLVACIIYFVYAISifl ( 39) 
23. (27) INEUAIFIUSTLLIIIPFFLIVUSYARIISSI ( 6) QGICKVFSTCGSHLSWSLFYGTIIGLYLCPA ( 7) EI.IVMAII.CYTWTPii..r-f'FIYSLRt-fl ( 17) 
24. (27) VNELMIHIMGVIIIVIPFVLIVISYAKIISSI ( 6) OSIHKVFSTCGSHLSWSLFYGTIIGLYLCPS ( 7) GSAMA.W.AYTVVTPYLWFIYSLRt-fl ( 19) 
25. (27) VNEUAIYILGGLIIIIPFLLIVMSYVRIFFSI ( 6) QDIYKVFSTCGSHLSVVTLFYGTIFGIYLCPS ( 7) EIAMA.W.AYTWTPIALr-f'FIYSLRt-fl ( 17) 
26. (27) DNELAIFILGCPIWLPFLLIIVSYARIVSSI ( 6) OSIHKAFSTCGSHLSWSLFYGTVIGLYLCPS ( 7) ETVMSU.AYTMVTPMltiPFIYSLRt-fl ( 19) 
27. (27) VNELVIFVUGGLVIVIPFVLIIVSYARWASI ( 6) RGIHKIFSTCGSHLSWSLFYGTIIGLYLCPS ( 7) E1'/IAAMMYTVVTPIAltiPFIYSLRt-fl ( 19) 
28. (27) LNELMILTEGAWWTPFVCILISYIHITCAV ( 6) RGGWKSFSTCGSHLAWCLFYGTVIAVYFWS ( 7) DUAAAVUYAWTPMLtiPFIYSLRNS ( 18) 
29. (27) PSHLIIH.VPVJ.UAISFSGILYSYFKIVSSI ( 6) OGKYKAFSTCASHLSIVSLFYSTGLGVYVSSA ( 7) AASASVMYTWTPIALtiPFIYSLRNK ( 21) 
30. (27) Lt-VLVIYFTLVLLATVPLAGIFYSYFKIVSSI ( 6) HGKYKAFSTCASHLSWSLFYCTGLGVYLSSA ( 7) SATASVUYlWTPIIVtiPFIYSLRNK ( 38) 
31. (27) TAELTDFVLAIFILLGPLSVTGASYUAITGAV ( 6) AGRHKAFSTCASHLTWIIFYAASIFIYARPK ( 7) NKLVSVLYAVIVPLFtiPIIYCLRNO ( 27) 
32. (27) WELVSFGIAFCVILGSCGITLVSYAYIITII ( 6) RGRI-fw=STCSSHLTWLIWYGSTIFLIIVRTS ( 7) TKAITVLNTIVTPVLtiPFIYTLRNK ( 13) 
33. (27) VNEWVIFIIK>GLILVIPFLLILGSYARIVSSI ( 6) KGICKAFSTCGSHLSWSLFYGTVIGLYLCSS ( 7) DTVMAI.f.lYTWTPttiPFIYSLRt-fl ( 19) 
34. (26) VNEILTLIISVLVLVVPMGLVFISYVLIISTI ( 6) EGRKKAFATCASHLTWIVHYSCASIAYLKPK ( 7) DOLISVTYTVITPLLr-f'VVYTLRNK ( 15) 
35. (26) VNELVIFIMGGLILVIPFLLIITSYARIVSSI ( 6) IGICKVFSTCGSHLSWSLFYGTVIGLYLCPS ( 7) ETILWMYTWTPt.Lr-f'FIYSLRNK ( 20) 
36. (13) TLSOVYILTI L1 LNVVAFFII CACYI Kl YFAV ( 9) KDTKI AKKMAI Ll FTDFTCMAPI SFFAI SAAF ( 9) SKVLLVLFYP I NSCAr-f'FLYAI FTK ( 71) 
37. (13) PLSQLYVLISLLVLNVLAFWICGCYIHIYLTV ( 9) SOTRIAKRMAMLIFTDFLCMAPISFFAISASL ( 9) AKILLVLFrPINSCAr-f'FLYAIFTK ( 64) 
38. (13) PLALAYIVFVLTLNIVAFVIVCCCYVKIYITV ( 9) KDTKIAmAAVLIFTDFICMAPISFYALSAIL ( 9) SKILLVLFYPLNSCAr-f'FLYAIFTK ( 81) 
39. (19) YEKVYHICVTVLIYFLPLLVIGYAYTWGITL ( 18) AKRKWKMM1WVCTFAICWLPFHIFFLLPY1 (12) VYLAIMWLAMSSlllYtiPIIYCCLt-V ( 97) 
40. (19) TLLLYHLWIALIYFLPLAVMFVAYSVIGLTL ( 19) AKKKFVKTMVLWLTFAICWLPYHLYFILGSF (12) VYLALFWLAMSSlllYtiPIIYCCLNH ( 86) 
41. (17) QHFTYHIIVII LVYCFPLL IIMJI TYTI VGI TL ( 18) AKRKWKJ.IMII VVUTFAI CWLPYHIYFI LTAI (12) VYLASFWLAMSSTllYtiP II YCCLNK (104) 
42. (17) QHFTYftiiVIVLVYCFPLLIIMJITYTIVGITL ( 18) AKRKWKWIIVWTFAICWLPYHIYFILTAI (12) VYLASFWLAMSSlllYWIIYCCLNK (104) 
43. (25) t.IESLYNI Llll L TYFLPI VSMTVTYSRVG I EL ( 18) SKffiVVKMM IWVLI FAI CWLPFHSYF II TSC (12) LYLAIYWLAMSNSioiYtiPIIYCWt.INS ( 133) 
44. (26) ADYAYr.LIILVLTTGIF\IIVI.LICYSUornVP ( 18) SKRK�FIAIVSIFAICWLPYI-t.FFIYAYH (12) t.IYLGFYWLAJ,ISNAINWLIYTh\INI< (136) 
45. (23) FWKYLDLATFILLYLLPLFIISVAYARVAKKL ( 19) KKKTTVl<MLVLWVLFALVWCPLNCYVLLLSS ( 8) LYFAFffflFAMSSTCYWFIYCWLNE ( 73) 
46. (23) QEYYYTLSLFALOFVVPLGVLIFTYARITIRV ( 19) SKRKMVKWLTWIVFTCCWLPFNILOLLLt-V (11) VWFAFI-Nil.AYSf-K:CYtiPIIYCYUNA ( 76) 
47. (26) IRSYTTLLLVLOYRPLCFIFICYFKIYIRL ( 18) ETKRINIMLLSIWAFAVCWLPLTIFNTVFOW (12) LFLLCHLTA.IIISTCVW1FYGFLNI< ( 59) 
48. (18) UOOSWOTFLLLILFLLPGIWNAYGLISLEL ( 71) AKKRVI�LIVIVVLFFLO\WIFSANAYIRA.Y (12) PISFILLLSYTSSCVtf'IIYCFMNK ( 53) 
49. (17) VOOTWSVLLLLLLFFIPGWIAVAYGLISREL ( 86) AKKR�LLVIVLLFFLCWLPVYSVNTVIRAF (12) PISFIHLLSYVSACVr-f'LVYCFMI-R ( 52) 
50. (18) VROlWSVLLLLLLFFVPGVWAVAYGLISREL ( 86) A.KKRVVR.ILLVIWLFFLCWLPLYSAN'l'VtRAF (12) PISFifl.LSYASACVIPLVYCFIAI-R ( 53) 
51. (23) YOOVKDWWLFGFYF<li>LVCTAIFYTUATCELI ( 17) QRREVAKTVFCLWIFALCWFPLHLSRILKKT (18) MDYIGINLATI.INSCitf'IALYFVSK ( 53) 
52. (25) YKTAKI:lWWLFSFYFCU'LAITAFFYlUlTCELI ( 16) ORREVAKTVFCLVLVFALCWLPLHLSRILKLT (18) LDYIGI�LNSCitf'IALYLVSK ( 51) 
53. (23) rPKIHSMASFLVFYVIPLSIISVYYYFIAKNL ( 20) SRKRLAJ<TVLVFVGLFAFCWLP�IYLYRSY (13) TSICARLLAFTNSCVWFALYLLSK ( 57) 
54. (22) 1-f>KIHSVLIFLVYFLIPLAIISIYYYHIAKTL ( 20) lRKRL.AKIVLVFVGCFIFCWFPt-.1-iiLYUYRSF (13) VTLVARVLSFGNSCVWFALYLLSE ( 61) 
55. (21) TVKWIOVNTFMSFLFPULVISILNTVIANKL ( 37) AlRHGVLVLRAWIAFVVCWLPYHVml...MFCY (16) FYII..TNALFYVSSAitf'ILYNLVSA ( 50) 
56. (19) <*lTYVTWIAUNFVAPTLGIAACOVLIFREI ( 32) AVAKT'v'FIATLVIWVYVLCWAPFFLVOLWAAW ( 9) PFVLLMLLASLNSCTtiPWIYASFSS ( 41) 
57. (21) GTRAYVT'MITSGVFVAPVWLGTCYGFICYHI ( 45) AKIRTVKUTFVIVSAYILCWAPFFIVOLfNSVW (12) SIT1TALLASLNSCCtf'WIYUFFSG ( 36) 
58. (13) GPKAYil)fjiTLAVYIVPVIVLATCYGLISFKI ( 40) AKIRTVKMTF11VLAFIVCWTPFFFVOLfNSVW ( 9) AFI1Vll_lASLNSCCtf'WIYML.FTG ( 55) 
59. (24) f-KlAFY�FTFGCLFIIPI..LIULICNAKIIFAL ( 22) ARLRTLKMTVAFATSFVVCWTPYYVLGIWYWF (11) VtffFFLFAFLWCRFLIYGYFSL ( 0) 
60. (19) YYSPIYUllFGVFYVVPMILATVLYGFIARIL ( 41) SRKQVTKULAVVVILFALLI'M'YRTLWVNSF ( 9) FLLFffiiCIYLNSAir-f'VIYI'U.ISO ( 68) 
61. (11) HIDETYLMFWIGVTSVLLLFIVYAYLlYILWKA ( 35) MDIRLAKTLVLILWLIICWGPLLAIMVYDVF ( 9) VFAFCSMLCLLNSTVtiPIIYALRSK ( 70) 
62. (11) LYii<HYILFCTTVFTllllSIVILYCRIYSLV ( 20) ENVALLKTVIIVLSVFIACWAPLFILLLLDVG (10) RAEYFLVLAVLNSGTWIIYTLT� ( 66) 

rhodopsm family receptor (4) 

63. (13) r-IIAAILSISFLFMFALMLQLYI01CKIVURHA ( 16) TlRKGISTLALILGTFAACYn.PFTLYSLIADY ( 6) TYATLLPATYNSIIr-f'VIYAFRNQ ( 15) 
64. (26) SloiEYWYFNFFVWVLPPLLU.IVLIYLEVFYLI ( 20) KELKIAKSLALILFLFALSWLPLHILM:ITLF ( 9) LIYIAIFLTI{)NSAU.'PIVYAFRIH ( 33) 
65. (26) PUNYJNYFNFFACVLVPLLLMLGVYLRIFLAA ( 22) KEVHAAKSLAIIVGLFALCWLPLHIINCFTFF (10) UIYLAIVLSKTNSWtf'FIYAYRIR (119) 
66. (30) Pt.ISYWYF�FGCVL.PPLL II.«.. VI Y I K I FLVA ( 18) REI HAAKSLAI.II VG I FALCWLPVHAVNCVTLF (11) AJ.N.IAI LLSHANSWNPI VYAYRNR ( 37) 
67. (20) GLDYINFFSFITWILIPLWUCIIYLDIFYII ( 19) REFKTAKSLFLVLFLFALCWLPLSIINFVSYF ( 7) A.UCLGILLSHANStl.tf'I>IVYACKNK ( 30) 
68. (16) SOPIITFGTAUAAFYL.PVTWCTLOOIYRET (143) KEKKAARTLSAILLAFILTWTPYNIIM.VSTF ( 8) LWELGYWLCYVNSTir-f'UCYALCNK ( 37) 
69. (16) SEPTITFGTAIAAFYLPVTIMTILOOIYKET (226) KEKKAAOTLSAILLAFIITWTPYNIWLVNTF ( 8) FWNLGYWLCYINSTVNPVCYALCNK ( 41) 
70. (16) SEPTITFGTAIAAFYIPVSVUTILYffiiYRET (215) KERKMOTLSAILLAFIITWTPYNII.NLVSTF ( 8) LHGYWLCYVNSTVWICYALOfl ( 32) 
71. (16) SNAAVTFGTAIAAFYLPVIIIlTVL YWHI SRAS (167) REKKV1RTI LA I LLAF II TWAPYNVIAVLI NTF ( 8) VWT I GYWLCYI NSTI NPACYALCNA ( 21) 
72. (16) SWAVTFGTAIAAFYLPVIIIJTVLYWOI SRAS (164) REKKV1RTI LAI LLAFIITWTPYNVIM.I NSF ( 8) VWTI GYWLCYINSTINPACYALCNA ( 21) 
73. (16) SWAVTFGTAIAAFYLPVVIIATVLYIHISLAS (171) RERKV1RTIFAILLAFILTWTPYNVIAVLVNTF ( 8) VWSIGYWLCYVNSTIWACYALCNA ( 21) 
74. (16) Sr-f'AVTFGTAIAAFYLPVVI UTVLYI HI SLAS (172) REKKV1RTI FAI LLAFI L lWTPYNVIAVLI NTF ( 8) VWSI GYWLCYVNSTI 1-PACYALCNA ( 21) 
75. (16) S/'PAVTFGTAIAAFYLPVVI UTI LY I HI SLAS ( 175) REKKV1RTI FAI LLAFIIlWTPYNVIAVLI NTF ( 8) I WY I GYWLCYVNSTI tiPACYALCNA ( 21) 
76. (17) TNOYI TFGTALAAFYFPVTIIACFL 001 HT (398) OESKAAKTLSAI LLSF II TWTPYNI LVLI KPL (1 0) LYUFFYALCYI NSTI t\f'MCYALCNA ( 28) 
77. (17) NVTWFKVUTAIINFYLPTLLMLWFYAKIYKAV (194) RERKAAKOLGFIMAAFIICWIPYFIFFWIAF ( 8) Vl-f.IFTIWLGYINSTLWLIYPI..CNE ( 14) 
78. (16) VNEVYGLVDGLVTFYLPLLIMCITYYRIFKVA ( 18) REHKATVTLAAVMGAFIICWFPYFTAFVYRGL ( 9) LEAIVLWLGYANSALNPILYMLt-fl ( 66) 
79. (18) Tt-flAYAIASSWSFYVPLCIMAFVYLRVFREA ( 66) REOKALKTLGIIMGVFTLCWLPFFLANWKAF ( 8) LFVFHNILGYANSAFNPIIY CASP ( 96) 
80. (18) Tt-flAYAIASSIISFYIPLLIMIFVYLRVYREA ( 49) REHKALKTLGIIMGVFTLCWLPFFLVNIVNVF ( 8) LFVFFI'NILGYANSAFtiPIIY CASP (137) 
81. (18) TNOAYAIASSIVSFYVPLVIWFVYSRVFOEA ( 40) KEHKALKTLGIIMGTFTLCWLPFFIVNIVfNI ( 8) VYILLM'IIGYVNSGFWLIY CASP ( 83) 
82. (19) St-I.PYVLLSSSVSFYLPLLVI.4LFVYARVFWA ( 54) REI-RALCTLGLIMGTFTLCWLPFFLANVLRAL ( 9) AFLALM'ILGYANSAFWLIY CASP ( 52) 
83. (11) EEAGYAVFSSVCSFYL...PIAAVIWMYffiVYWA ( 60) REKKAAKTLAIWGVFVLCWFPFFFVLPLGSL ( 9) VFKVIFWLGYFNSCVWLIYPCSSR (136) 
84. (11) EEPFYALFSSLGSFYIPLAVILVMYCRVYIVA ( 57) REKKAAKTLGIWGMFILCWLPFFIALPLGSL ( 9) VFKWFWLGYFNSCLNPIIYPCSSK (162) 
85. (11) EEPGYVLFSALGSFYVPLTIILVUYCRVYWA ( 54) REKKAAKTLGIWGCFVLCWLPFFLVWIGSF ( 9) VFKIAFWLGYLNSCIWIIYPCSSO (135) 
86. (16) DOKWYVI SSCI GSFFAPCLI Ml LVYVRI YO I A (144) LEKRFTFVLAW I GVFWCWFPFFFTYTL TAV ( 7) LFKFFFWFGYCNSSLI'f'VI YTI FNH ( 19) 
87. (12) DETWY I LSSC I GSFFAPCLI MGLVYARI YRVA (137) REKRFTFVLAWMGVFVLCWFPFFFI YSLYG I (1 0) LFKFFFWI GYCNSSLWVI YTVFNO ( 20) 
88. (13) OEAWYILASSIGSFFAPCLIMILVYLRIYLIA (165) REKRFTFVLAWIGVFVLCWFPFFFSYSLGAI (10) LFOFFFWIGYCNSSLWVIYTIFNO ( 19) 
89. (13) SORGYVIYSSLGSFFIPLAII.ITIVYI El FVAT (226) KERRAARTLGII MGVFVI CWLPFFLMYVI LPF ( 9) FKNFilWLGYINSGLWVIYTI FNL ( 13) 
90. (12) KDHGYTI YSTFGAFY IPLLLMLVLYGRI FRAA ( 116) RERKTVKTLGII MGTFI LCWLPFF I VALVLPF (1 0) LGAll MVLGYSNSLLtf'VI YAYFNK ( 17) 
91. (13) DHILYTVYSTVGAFYFPTLLLIALYGRIYVEA ( 72) RERKATKTLGIILGAFIVCWLPFFIISLVWI (10) IFDFFTWLGYLNSLIWIIYTUSNE ( 16) 
92. (13) SOISYTIYSTCGAFYIPSVLLIILYGRIYRAA ( 70) RERKATKILGIILGAFIICWLPFFWSLVLPI (10) LFDFFTWLGYLNSLitiPIIYTVFNE ( 16) 
93. (14) DfNIYTIYSTLGAFYIPLTLILILYYRIYHAA ( 75) RERKAARILGLILGAFILSWLPFFIKELIVGL ( 8) VADFLTWLGYVNSLIWLLYTSFNE ( 16) 
94. ( 12) ONFAYO I Y A TLGSFY I PLSVMLFVYYO I FRAA ( 98) KEKKASTILG I I USAFTVCWLPFF I LAL I RPF ( 8) LSSLFLWLGYANSLLW I I YA Tlt-fl ( 52) 
95. (14) OOVSYOVFATCCTFYVPLMVILALYWKIYOTA (331) RERKAAKTLAIITGAFVVCWLPFFVUALTWL ( 9) VASLFLWLGYFNSTLWVIYTIFSP ( 24) 
96. (14) OOVGYOIFATCCTFYVPLLVILFLYWKIYIIA (250) RERKAAOTLAIITGAFVICWLPFFVMALTUSL ( 9) VASLFLWLGYFNSTLWVIYTIFW ( 24) 
97. (12) t{)PNFVLIGSFVAFFIPLTIMVITYCLTIYVL ( 63) NERKASKVLGIVFFVFLII.NICPFFITNILSVL (12) LLNVFVWIGYVCSGIWLVYTLFNK ( 85) 
98. (11) A[X)NFVLIGSFVSFFIPLTIMVITYFLTIKSL ( 55) NEOKACKVLGIVFFLFVWHCPFFITNIMAVI (12) LLNVFVWIGYLSSAVWLVYTLFNK ( 86) 
99. (14) RFGSFMLFGSLAAFFAPLTIMIVTYFLTIHAL ( 73) NEORASKVLGIVFLFFLLI.NICPFFITNVTLAL (11) LLOIFVWVGYVSSGVWLIYTLFNK ( 95) 

100. (23) LSRTYAISSSVISFYIPVAIMIVTYTRIYRIA ( 44) RETKVLKTLSVIMGVFVCCWLPFFILNCILPF (14) TFDVFVWFGWANSSLWIIYA FNA (111) 
101. (37) Lt-flTYAISSSLISFYIPVAIMIVTYTRIYRIA ( 37) KETKVLKTLSVIMGVFVCCWLPFFILNCMVPF (18) TFDVFVWFGWANSSLr-f'VIYA FNA (114) 
102. ( 7) Ar-f'AFVVYSSIVSFYVPFIVTLLVYIKIYIVL (150) KEKKATOMLAIVLGVFIICWLPFI-ITHILNIH ( 8) LYSAFTWLGYVNSAVWIIYTIFNI ( 12) 
103. ( 7) Dr-f'AFVIYSSIVSFYVPFIVTLLVYVQIYIVL (155) KEKKATOMLAIVLGVFIICWLPFFIIHILNMH ( 8) LYSAFTWLGYVNSAVWIIYTTFNV ( 12) 
104. ( 8) Sl'f'OFVIYSSWSFYVPFGVTVLVYARIYIVL (153) REKKATOMWIVLGAFIVCWLPFFLTHVLNTH ( 9) LYRATTWLGYVNSALWVIYTTFNV ( 12) 
105. (10) EDfUYVVYSSVCSFFLPCPLMLLLYWATFRGL ( 88) RERKA/JRVLPVWGAFLLCWTPFFWHITOAL ( 9) LVSAVTWLGYVNSALr-f'VIYTVFNA ( 14) 
106. (10) RAVIIFIAILSFLVFTPLMLVSSTILWKIRK ( 5) HSSKLYIVIMVTIIIFLIFMf''-fiLLYLLYYE ( 7) LHHISLLFSTINSSAWFIYFFVGS ( 40) 
107. (10} KLSGLFHAILSLVUCVSSLTLLIRFLCCSQO ( 0) OKATRVYAWOISAPMFLLWALPLSVAPLITD ( 6) TSYLISLFLIINSSAr-f'IIYFFVGS ( 58) 
108. ( 9) Lt-WISLGILLFFLFCPLMVLPCLALILfNEC ( 6) RSAKLNI-NVLAIVSVFLVSSIYLGIDWFLFWV ( 7) PEYVTDLCICINSSAKPIVYFLAGR ( 47) 
109. (14) AESGDVAFGLLFSMLGGLSVGLSFLLNTVSVA ( 18) SEVEMMAOLLGIMWASVCWLPLLVFIAOTVL (18) ELLIYLRVATWNOILDPWVYILFRR ( 30) 
110. (29) AFASAFACLGLLALVVTFACNLATIKALVSRC ( 15) ITIETAIOLMGII.ICVLSVCWSPLLIWJLKMIF (19) SFLIAVRLASLNOILDPWVYLLLRK ( 39) 
111. (29) MLTARGIIRFVIGFSLPUSIVAICYGLIAAKI ( 6) KSSRPLRVLTAWASFFICWFPFOLVALLGTV (16) LVNPTSSLAFFNSCLtf'MLYVFVGQ ( 44) 
112. (29) Ml TVRG IIRFII GFSAPMS I VAVSYGL I ATKI ( 6) KSSRPLRVLSFVAAAFFLCWSPYOWALI ATV (15) AVDVTSALAFFNSCLtf>ML YVRIGO ( 44) 
113. (29) MAKVFLILHFIIGFTVPUSIITVCYGIIAAKI ( 6) KSSRPLRVFAAWASFFICWFPYELIGILMAV (16) LIWTSSLAFFNSCLtf'ILYVFUGR ( 46) 
114. (18) RERAVAIVRLVLGFLWPLLTLTICYTFILLRT ( 6) RSTKTLKWVAWASFFIFWLPYOVTGIWSF (13) LDSLCVSFAYINCCIWIIYWAGQ ( 45) 
115. (21) WLIGMELVSWLGFAVPFSIIAVFYFLLARAI ( 6) EKHSSRKIIFSYVWFLVCWLPYHVAVLLDIF (18) ALfNTOCLSLVHCCVWVLYSFit-fl ( 42) 
116. (20) LPIGLGLTKNILGFLFPFLIILTSYTLIWKAL ( 11) Rtro1FKIIMAIVLFFFFSWIPHOIFTFLDVL (17) AMPITICIAYFNNCLtf'LFYGFLGK ( 52) 
117. (19) V!RNLRILPHTFGFIVPLFVMLFCYGFTLRTL ( 6) OKI-fl.MflVIFAWLIFLLCWLPYNLVLLADTL (18) ALDATEILGFLHSCLWIIYAFIGQ ( 40) 
118. (19) HLLRILPOSFGFIVPLLIMLFCYGFTLRTL ( 6) OKffWIFIVIFAWLIFLLCWLPYNLVLLADTL (18) ALDATEILGILHSCLWLIYAFIGQ ( 41) 
119. (16) WVWFOFOHIMVGLILPGIVILSCYCIIISKL ( 6) OKRKALKTTVILILAFFACWLPYYIGISIDSF (18) WISITEALAFFHCCLtf'ILYAFLGA ( 45) 
120. (22) VPVLIIHIFIVFSFFLVFLIILFCNLVIIRTL ( 12) VKRRALWMVCTVLAVFIICFVPHHWQLPWTL (16) AHOVTLCLLSTNCVLIYVIYCFLTK ( 44) 
121. (21) YYAYYFSAFSAVFFFVPLIISTVCYVSIIRCL ( 9) KKSRALFLSAAVFCIFIICFGPTNVLLIAHYS (13) AYLLCVCVSSISSCIIYLIYYYASS ( 49) 
122. (20) WEVFTtfALLNVVGFLLPLSVITFCTl.!OIMOVL ( 12) TERRATVLVLWLLLFI1CWLPFOISTFLDTL (17) ITOIASFMAYSNSCLWLVYVIVGK ( 54) 
123. (19) WLVGFVLYTFLMGFLLPVGAICLCYVLIIAKM ( 14) SERKITU.MIM\NFVICWt.f'FYWOLVNVF ( 7) VSOLSVILGYANSCAWILYGFLSD ( 63) 
124. (19) WYTGFIIYTFILGFLVPLTIICLCYLFIIIKV ( 14) SEKKVTPJ.NSIWAVFIFCWLPFYIFNVSSVS (11) UFDFVWLTYANSCAWILYAFLSD ( 52) 
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G protein a subunit ( 1) 

1. ( 38) ATHRLLLLGACi:SGKSTIVKa.ARIUN NGFNGE (15) EKATKVOOIKNNLKEAIETIVAAI.ISNL ( 32) FYEHAKALWE DEGVRACYERSN EY OLIO CAOYFLDKIDVIKOADYVPSDOOLLRCRVLTSGIFETKFOV DKVN FHMF 

2. ( 38) ATHRL..lLLGACl:SGKSSIVKOMRILHV NGFNAE ( 0) EKKTKVODIKNNIKEAIETIVTAM�L ( 32) FYEHTKTLYKl DEGVRACYERSN EY OLIO CAOYFLDKIDIVKONDYTPSOODLLRCRVLTSGIFETKFOV DKVN FHLIF 

3. ( 40) ATHRLLLLGAQ:SGKSTIVKOLIRILHV NGFNPE ( 0) EKKOKILDIRKNVKOAIVTIISAMSTI ( 32) FFDHVKKLWO DEGVKACFERSN EY OLIO CAOYFLERIDSVSLVDYTPTDOOLLRCRVLTSGIFETRFOV DKVN FHLIF 

4. ( 41) ATHRLLLLGAGESGKST I VKOUR I LHV OGFSOS ( 0) EKKOK I DO I KKN I ADA I L T I TGAMSTL ( 32) FYEHTEELWK DKGVLOTYERSN EY OL I 0 CAKYFLDRVST I KNPNYTPNEOD I LRCRVLTSG I FETRFOV DKVN AiUF 

5. ( 35) GTHRLLLLGAGESGKSTIVKQURILHV NGFSPE ( 0) ERKOKIEDIKRNVRDAILTITGAMSTL ( 32) FYEYTEILWK DKGVOAAFERSN EY OLIO CAOYFLDRVHIIROAEYTPSEODILRCRVLTSGIFETKFSV DKVN FHLIF 

6. ( 37) STHRLLLLGAGESGKSTIVKOLIRILHI DGFSER ( 0) EKKEKIDAIRKNLROAICSIAGAMGSL ( 32) FFTYCAKLWK DGGIOETFERSN EY OLIO CAKYFLDKALEVGAPNYIPSEODILRCRVLTSGIFETKFSV DKVN FHUF 

7. ( 26) REVKLLLLGAGESGKSTIVKOUKI IHE AGYSEE ( 0) ECKOYKAVVYSNTIOSI IAI IRAMGRL ( 31) LAGVIKRLWK DSGVOACFNRSR EY OLND SAAYYLNDLDRIAOPNYIPTOODVLRTRVKTTGIVETHFTF KOLH FKLIF 

8. ( 31) REVKLLLLGAGESGKSTIVKOUKI IHE AGYSEE ( 0) ECKOYKAVVYSNTIOSI IAI IRAMGRL ( 31) LAGVIKRLWK DGGVOACFNRSR EY OLND SAAYYLNDLDRIAONSYIPTOOOVLRTRVKTTGIVETHFTF KOLH FKLIF 

9. ( 31) KEVKLLLLGAG:SGKSTIVKa.AKIIHE DGYSED ( 0) ECKOYKVVVYSNTIOSIIAIIRAMGRL ( 31) LAGVIKRLWR DGGVOACFSRSR EY OLND SASYYLNDLDRISOSNYIPTOOOVLRTRVKTTGIVETHFTF KOLY FKLIF 

10. ( 22) KEVKLLLLGAG:SGKSTIVKOMKIIHE DGYSEE ( 0) ECROYKVVVYSNTIOSIIAIIRAMGRL ( 31) LAGVIORLWE DSGVOACFSRSR EY OLNO SASYYLSOIERIAOGSYIPTOODVLRTRVKTTGIVETHFTF KOLY FKLIF 

11. ( 31) REVKLLLLGAGESGKSTIVKOt.IKIIHE DGYSEE ( 0) ECROYRAVVYSNTIOSIUAIVKAM�L ( 32) LSGVIRRLWA 01-IGVOACFGRSR EY OLND SAAYYLNDLERIAOSDYIPTOODVLRTRVKTTGIVETHFTF KDLH FKLIF 

12. ( 31) REVKLLLLGAGESGKSTIVKOUKIIHE EGYSEE ( 0) OCKOYKPVVYSNTIOSLIIAIIRAMGSL ( 31) LAAVUKRLWA DGGVOGCFSRSR EY OLND SASYYLNALDRLAAPGYIPTOODVLRTRVKTTGIVETHFTF KOLH FKUF 

13. ( 31) REVKLLLLGAGESGKSTIVKOMKIIHE KGYSOE ( 0) ECLOYKPVVYSNAIOSLIIAIIKAMGOL ( 31) LSGIUKRLWK DVGVOECFSRSR EY OLND SAEYYLNALDRISAPGYIPTEOOVLRTRVKTTGIVETHFTF KDLH FKUF 

14. ( 32) SEVKLLLLGAGESGKSTIVKOMKIIHD TGYSOE ( 0) ECEEYRRVVFSNTVOSLLIVIIRAMGRL ( 31) IVLLUKKLWA DGGVOOTFARSR EY OLND SAGYYLNSLDRIAOPNYIPTOODVLRTRVKTTGIIETHFSC KOLH FKLF 

15. ( 31) KDVKLLLLGAGESGKST I VKOLIK II HE DGFSGE ( 0) DVKOYKPVVYSNT I OSLAA I VRAMDTL ( 32) LLSAI.WRLV!G DSG I OECFNRSR EY OLND SAKYYLDSLDR I GAADYOPTEOD I LRTRVKTTG I VETHFTF KNLH FRLF 

16. ( 31) KDVKL..lLLGAG:SGKSTIVKOLIKIIHE OGFSGE ( 0) DVKOYKPVVYSNTIOSLAAIVRAMDTL ( 32) LLSAMVRLWA DSGIOECFNRSR EY OLND SAKYYLDSLDRIGAPDYOPTEODILRTRVKTTGIVETHFTF KNLH FRLF 

17. ( 31) KDIKLLLLGAQ:SGKSTIVKOUKIIHE SGFTAE ( 0) DFKOYRPVVYSNTIOSLVAILRAMPTL ( 32) LLAAI.IKRLWO DAGVOECFSRSN EY OLND SAKYFLDOLDRLGAKDYOPTEODILRTRVKTTGIVEVHFSF KNLN FKLF 

18. ( 31) KDIKLLLLGAGESGKSTIVKOUKIIHE GGFTSE ( 0) ONKOYKPVVYSNTIOSLVAIIRAMGTL ( 32) LLAAI.IKRLWV DSGVOECLGRAN EY OLND SAKYFLOOLDRLGAKDYUPTEOOILRTRVKTTGIVEVHFSF KNLN FKLF 

19. ( 31) KDIKLLLLGACi:SGKSTIVKOUKIIHE SGFTAE ( 0) OYKOYKPVVYSNTVOSLVAILRAMSNL ( 32) LLSSMKRLWG DAGVODCFSRSN EY OLND SAKYFLOOLERLGEAIYOPTEOHILRTRVKTTGIVEVHFTF KNLN FKLF 

20. ( 31) REIKLLLLGTSNSGKSTIVKOUKIIHS GGFNLE ( 0) ACKEYKPLIIYNAIDSLTRIIRALML ( 32) LLGVMRRLWA DPGAOACFSRSS EY HLED NMYYLNDLERIMADYIPTVEDILRSROI.ITTGIVENKFTF KELT FKUV 

21. ( 27) RTVKLLLLGAQ:SGKSTIVKOUKIIHO OGYSLE ( 0) ECLEFIAIIYGNTLOSILAIVRAMTTL ( 31) USDIIORLWK DSGIOACFERAS EY OLND SAGYYLSOLERLVTPGYVPTEOOVLRSRVKTTGIIETOFSF KDLN FRUF 

22. ( 31) KTVKLLLLGAG:SGKSTIVKOUKIIHO OGYSPE ( 0) ECLEFKAIIYGNVLOSILAIIRAMTTL ( 31) LVEVIRRLWK OGGVOACFERAA EY OLND SASYYLNOLERITDPEYLPSEODVLRSRVKTTGIIETKFSV KDLN FRUF 

23. ( 31) RTVKLLLLGAGESGKSTIVKOUKIIHK NGYSKO ( 0) ECUEFKAVVYSNTLOSILAIVKAMTTL ( 31) LAEIIKRLWG DPGIOACFERAS EY OLND SAAYYLNDLDRLTAPGYVPNEODVLHSRVKTTGIIETOFSF KDLN FRUF 

24. ( 37) RELKLLLLGTCl:SGKSTFIKOMRIIHG SGYSOE ( 0) DKR<FfKLVYONIFTAUOAUIRAMDTL ( 30) YVDAIKSLWN DPGIOECYDRRR EY OLSD STKYYLNDLDRVADPSYLPTOODVLRVRVPTTGIIEYPFDL OSVI FRUV 

25. ( 37) RELKLLLLGTCi:SGKSTFIKQLIRIIHG AGYSEE ( 0) DKRG'TKLVYONIFTAUOAUIRAMETL ( 30) YVSAIKTLWE OPGIOECYDRRR EY OLSD SAKYYLIDVDRIATLGYLPTOODVLRVRVPTTGIIEYPFDL ENII FRUV 

26. ( 33) RELKLLLLGTQ:SGKSTFIKOLIRIIHG SGYSDE ( 0) DRKG'TKLVYONIFTAUOAUIRAMDTL ( 30) OVMIKOLWL. OPGIOECYDRRR EY OLSD SAKYYLIDIERIAUPSFVPTOODVLRVRVPTTGIIEYPFDL ENII FRUV 

27. ( 31) RELKLLLLGTGESGKSTFIKOLIRIIHG SGYSDE ( 0) DKRGYIKLVFONIFUAUOSMIKAUJ).IL ( 30) YLNAIKTLWO DAGIOECYDRRR EY OLTD SAKYYLSOLARIEOADYLPTEODILRARVPTTGILEYPFDL OGIV FRUV 

28. ( 40) GELKLLLLGPG:SGKSTFIKOLIRIIHG AGYSEE ( 0) ERKGFRPLVYONIFVSLIRAMIEAUERL ( 30) YAAAM<l\'L\AtR OAGIRACYERRR EF HLLD SAVYYLSHLERITEEGYVPTAQOVLRSFIIPTTGINEYCFSV C»<TN LRIV 

29. ( 40) EELKLLLLGPGESGKSTFIKQLIRIIflG VGYSEE ( 0) ORRAFRLLIYONIFVSLIOAUIDAMDRL ( 30) YAVAUOYL\AtR DAGIRACYERRR EF HLLD SAVYYLSHLERISEDSYIPTAOOVLRSilAPTTGINEYCFSV KKTK LRIV 

30. ( 53) RLVKILLLGAG:SGKSTFLKOLIRIIHG REFOOK ( 0) ALLEFRDTIFDNILKGSRVLVDARDKL ( 34) YVPALSAL\AtR DSGIREAFSRRS EF QLGE SVKYFLDNLDRIC1JLNYFPSKODILLARKATKGIVEHDFVI KKIP FKUV 

31. ( 46) RLVKILLLGAG:SGKSTFLKOURIIHG ODFOOR ( 0) AREEFRPTIYSNVIK�RVLVDAREKL ( 38) YLPAIRAL'M: DSGIONAYDRRR EF OLGE SVKYFLONLDKLGVPDYIPSOODILLARRPTKGIHEYDFEI KNVP FKLIV 

32. (130) RQVKLLLLGAGESGKSTFLK<»..RIIHG VNFDYE ( 0) LLLEYOSVIYONVIA�OVLLDAREKL ( 31) YAPPISRLYKl DRGIRRAFERRR EF OISD SVSYFLDEIOOLATPDYVPTHKOILHCRKATKGVYEFCVKV �IP FVFV 

33. ( 29) KDVKLLLLGPGESGKSTIFKOt.IKIIOEDGGYSVE ( 0) ELLEYRAFVYSNCI$()1EALLTASAKL ( 27) LAADIKHLWE DKGIKETYAOKD KHF OLNO SAAYFFONIDRYIAREDFVPNEOOVLRCRVRTTGIOESEFTF DKIR LKIV 

34. ( 34) GEIKLLLLGAQ:SGKSTIAKQLIKIIHL NGFNDE ( 0) EKSSYKTIIYNNTVGSLIRVLVNAAEEL ( 30) LAOOIKALWA DPGIONTFORSS EF OLND SAAYYFDSIDRISOPLYLPSENOVLRSRTKTTGIIETVFEI �ST FIVV 

35. ( 29) NEVKLLLLGAG:SGKSTISKOLIKIIHO SGYSNE ( 0) ERKEFKPIITRNILD�RVLL[n!GRL ( 36) OGKKIKALWT DPGVKOAURRAN EFSTLPD SAPYFFDSIOPJ.ITSPVYIPTDOOILHTFMITRGVHETNFEI GKIK FRLV 

36. ( 31) NIIKLLLLGAQ:SGKSTVLK<»..KIIHN SGFSOE ( 0) EISNKRNVVCANTVOAUGALLOGt.IKOL ( 32) IAFNALTELWA DKGVOCAYDKRE FF YLHD SAKYFLDRIARVHTPNYVPTENDILHTRVPTUGVIEVNFTI KGKF FRVF 

37. ( 31) RTVKLLLLGAGECGKSTVLKOLiflil TS KOYTDE ( 0) ELLTOAKL VYTN IV I ELIDHLVKAMPM ( 31 ) AADHVEKLWK DPVVKRL YAERK EL N I RD I GONTEYFFENLPA I SKEDYHPNA TOTLLLRTKTTG I VEVGFE I KKVK FRVF 

38. ( 31) KVVKLLLLGAGECGKSTVLKOLIRILHD HGFTAE ( 0) EAEOOKSVVFNNTLOAUTAILKGJ.IEAL ( 32) LANAIOALWN DKAVOOVIAKGN EF OUPE SAPHFLSSLDRIKLPOYNPTEODILLSRIKTTGIVEVKFCll KSVD FRVL 

39. ( 72) NDIKVLLLGAOOSGKTTILIK<»..RLLYS PGFSOV ( 0) VRKOYAvt.IIFENIISSLCLLLEAUOOS ( 30) IYEAVHALTL DTKLRTVOSCGT NL SLLD NFYYYODI-11DRIFOPOYIPSOODILHCRIKTTGISEETFLL NRHH YRFF 

40. ( 32) NEIKt.ILLLGAQ:SGKSTVLKOt.IKLIHH GGYSDO ( 0) EKDSYKEIIFSNTVOSLIRAILDALPAL ( 30) IADAIOOLWA OPGLKEAVRRSR EF OLND SAVYYFNSIDRMSAPGYLPTDODILRSRVKTTGITETTFKV G:LT YKLF 

41. (121) KELKVLLLGAGESGKSTVLOOLKI LJ{) NGFSEO ( 0) El KEY I PL I YONLLEIGRNLIOARTAF ( 34) I AGV ISTLWA LPSTODLVNGPNASKF YLLID STPYAIENFTR I TSPNYRPTOODILRSFO.ITSGIFDTV I !lAGSDI K w-ll Y 

42. ( 39) NEIKLLLLGAGESGKSTVLKOLKLLI-Kl GGFSHO ( 0) ERLOYAOVIWADAIOSUKILIIOA�L (141) IAKAIKOLVINNDKGIKOCFARSN EF OLEG SAAYYFONIEKFASPNYVCTDEDILKGRIKTTGITETEFNI GSSK FKVL 

43. ( 39) KGVKLLLLGACi:SGKSTVLKOLKLLHK GGFTOO ( 0) ERROYSHVIWCDVIOSLIKVLIIOA�L ( 98) IAEAIHKLWKLDSGIKKCFDRSN EF OI.£G SADYYFONVVNFADTNYLSTDLDILKGRIKTTGITETDFLI KSFO FKVL 

44. ( 36) HIRKLLLLGAG:SGKSTIFKOIKLLFO TGFDEG ( 0) ELKSYVPVIHANVYOTIKLLH[X)TKEF ( 38) IAEGIETLWK DPAIOETCAF()N EL OVPD CTKYUAENLKRLSDINYIPTKEOVLYARVRTTGVVEIOFSPVGENKKSGEVYRLF 

45. ( 37) HI OKLLLLGAOOSGKST I FKO I KLLFO TGfU:E ( 0) ELK NY I PV I HANVYOTTK I LHOGSKEL ( 38) LVOO I EALWK OPA IQETLLF()N EL OVPD CAHYRIENLERFSOVHY I PTKEDVLFAR I RTIGVVE I OFSPVG:NKKSGEVYRLF 
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G prolein a subunit (2) 

1. DVGGORDERRKW I OCFN OVT A I I FVV ASSSYNUV I flEDNOTNRLOEALNLFKS I WNNRWLRT I SV I LFLNKOOLLAEKVLAGKSK I E DYFPEFARYTTP ( 18) F I RDEFLR ( 0) I ST ASGI)ffiHYCYPHFTCA VDTEN I RAVFNOCRD I I QR,jHL ( 6) 
2 DVGGORDER�W I OCFN OVT A I I FVV ASSSYNUV I flEONHTNRLOEALNLFKS I WNNRWLRT I SV I LFLNKOOLLAEKVNAGKSK I E DYFPEFARYTTP ( 18) F I RDEFLR ( 0) I ST ASGDGRHYCYPHFTCA VDTEN I RAVFNOCRO I I OFIIHL ( 6) 
3: DVGGORDERRKW I OCFN DVT A I I YV MCSSYNUV I flEDNNTNRLflESLDLFES I WNNRWLRT IS I I LFLNKODIALAEKVLAGKSK I E DYFPEY ANYTVP ( 18) F I Rt:X..FLR ( 0) I ST ATGDGKHYCYPHFTCA VDTEN I RAVFNOCRO I I OFIIHL ( 6) 
4. OVGGOAOER�W I OCFN OVT A I I FVT ACSSYNUVLflEDPTONRLflESLDLFKS I WNNRWLRT IS I I LFLNKOOLLAEK I KAGKSKLS EYFSEFNKYOTP ( 21) F I RDEFLR ( 0) I ST ASGOQ(HYCYPHFTCA VDTEN I KRVFNOCRO I I Off.IHL ( 6) 
5. DVGGORDERRKW I OCFN DVT A I I FVT ACSGYNUVLflEDATONRLKESLDL FKS I WNNRWLRT I SV I LFLNKOOLLAEKVKAGKSK I E DYFPEY ARYOVP ( 18) F I RDEFLR ( 0) I ST ASGDGRHYCYPHFTCA VDTEN I RRVFDOCRD I I OilAHL ( 6) 
6. DVGGOREER�W I OCFN DVT A I I FVMCSSYNUVLflEDPSONRVKESLELL.AS I WNNRWLRN I SV I LFLNKODLL TEKVLAGKSK IE VYFPHYATYOAP ( 19) FFRDEFLK ( 0) VTSNNNGGRHYCYPHL TCAVDTEN I RAVFNOCRD II OilAHL (6) 
7. DVGGORSERKKWIHCFE GVTAIIFCVALSDYDLVLAEOEEMNRI.IHESUKLFDSICNNKWFTDTSIILFLNKKOLFEEKI KKSPLT ICYPEYAGSNTY ( 5) YIOCOFED ( 0) LNKRKDTKEIYT HFTCATDTKNVOFVFDAVTDVIIKNNL {6) 
8. DVGGORSERKKWIHCFE GVTAI IFCVALSDYDLVLAEDEEIANRMHESUKLFDSICNNKWFTDTSI ILFLNKKDLFEEKI KRSPLT ICYPEYPGSNTY ( 5) YIOCOFED ( 0) LNKRKDTKEIYT HFTCATDTKNVOFVFDAVTDVI IKNNL (6) 
9. DVGGORSERKKWIHCFE GVTAIIFCVALSDYDLVLAEDEEMNRNHESIAKLFDSICNNKWFTETSIILFLNKKDLFEEKI KRSPLT ICYPEYTGSNTY ( 5) YIOCOFED ( 0) LNRRKDTKEIYT HFTCATDTKNVOFVFDAVTDVIIKNNL (6) 

10. DVGGORSERKKWIHCFE GVTAIIFCVALSDYDLLLAEDEEMNRMHESUKLFDSICNNKWFIDTSIILFLNKKDLFEEKI SRSPLT ICYPEYSGSNTY ( 5) YIOCOFEO ( 0) LNRRKDTKEIYT HFTCATOTKNVOFVFDAVTDVIIKSNL {6) 
11. DVGGORSERKKWIHCFE GVTAIIFCVALSAYDLVLAEDEEMNRMHESUKLFDSICNNKWFTDTSIILFLNKKDLFEEKI THSPLT ICFPEYTGANKY ( 5) YIOSKFED ( 0) LNKRKDTKEIYT HFTCATOTKNVOFVFDAVTDVIIKNNL (6) 
12. DVGGORSERKKWIHCFE GVTAIIFCVALSAYDLVLAEDEEMNRI.IHESUKLFDSICNNKWFTETSIILFLNKKDLFEEKI TKSPLT ICFPEYTGSNTY ( 5) YIOMOFED ( 0) LNKRKDOKEIYT HFTCATDTNNIOFVFDAVTDVIIKNNL (6) 
13. DVGGORSERKKWIHCFE GVTAIIFIVAMSEYDLTLAEDClEI.INRUMESUKLFDSICNNKWFTETSIILFLNKKDLFEEKI KKSPLT ICFPEYTGANTY ( 5) YIOLOFEN ( 0) LNKKKDTKEIYS HFTCATDTNNVOFVFDAVTDVIIKNNL (6) 
14. OVGGORSERKKWIHCFE GVTAIIFCVALSGYDLVLAEDEEMNRUIESLKLFOSICNSKWFVETSIILFLNKKDLFEEKI KRSPLT ICFPEYTGTNTF ( 5) YIRUKFEN ( 0) LNKRKOOKEIYT HLTCATDTNNVKFVFDAVTDVIIKNNL (6) 
15. DVGGORSERKKWIHCFE DVTAIIFCVALSGYDOVLHEDETTNRMHESLKLFDSICNNKWFTDTSIILFLNKKDIFEEKI KKSPLT ICFPEYTGPSAF ( 5) YIOAOYES ( 0) KNKSAH KEIYS HVTCATDTNNIOFVFDAVTDVIIAKNL (6) 
16. DVGGORSERKKWM-ICFE DVTAIIFCVALTGYDOVLHEDETTNRUHESLKLFDSICNNKWFTDTSIILFLNKKOIFOEKI KSSPLT ICFPEYTGPNSF ( 5) HTOI-ilYES ( 0) RNKSEN KEIYT HITCATDT�IOFVFDAVTDVIIAYNL (6) 
17. DVGGORSERKKWIHCFE DVTAIIFCVAI.ISEYDOVLHEOETTNRI.IOESLKLFDSICNNKWFTDTSIILFLNKKDLFEEKI RKSPLT ICFPEYTGGOEY ( 5) YIOAOFEA ( 0) KNKSTS KEIYC HMTCATDTNNIOFVFDAVTDVIIANNL (6) 
18. DVGGORSERKKWIHCFE DVTAIIFCVAUSEYDOVLHEDETTNRI.IOESLKLFDSICNNKWFTETSI ILFLNKKOLFEEKI KKSPLT ICFPEYTGKOLIY ( 5) YIOAOFEA ( 0) KNKSSA KEIYC HOTCATOTNNIOFVFDAVTDVIIANNL (6) 
19. DVGGORSERKKWIHCFE DVTAI IFCVAUSEYDOLLHEDETTNRMHESLKLFDSICNNKWFTDTSI ILFLNKKDLFEEKI KKSPLT ICFPEYSGAOOY ( 5) YIOAOFEA ( 0) KNKSAN KEIYC HIATCATDTTNIOFVFDAVTDVIIANNL (6) 
20. DVGGORSERKKWIHCFE GVTAIIFCVELSGYDLKLYEDNOTSRMAESLRLFOSICNNNWFINTSLILFLNKKDLLAEKI RRIPLT ICFPEYKGONTY ( 5) YIOfllFEO ( 0) LNRNKETKEIYS HFTCATOTSNIOFVFDAVTDVIIONNL (6) 
21. DVGGORSEPKKWIHCFE GVTCI IFIAALTAYDUVLVEODEVNRMHESLHLFNSICNHRYFATTSIVLFLNKKDVFFEKV KKAHLS ICFPDYDGPNTY ( 5) YIKVOFLE ( 0) L�RAOVKEIYS HUTCATDT�VKFCFDAVTDIIIKENL (6) 
22. DVGGORSERKKWIHCFE GVTCIIFCAALSAYDMVLVEDDEVNRMHESLHLFNSICNHKFFMTSIVLFLNKKDLFEEKI KKVHLS ICFPEYDGNNSY ( 5) YIKSOFLO ( 0) Lt-&IRKDVKEIYS HMTCATDT�VKFVFDAVTDIIIKENL (6) 
23. DVGGOASERKKWIHCFE GVTCI IFCAALSAYDLIVLVEDEEVNRUHESLHLFNSICNHKYFATTSIVLFLNKKDLFOEKV TK�ILS ICFPEYTGPNTF ( 5) YIKNOFLD ( 0) LNLKKEDKEIYS HMTCATDT�VKFVFDAVTDIIIKENL (6) 
24. DVGGORSERRKWIHCFE NVTSIUFLVALSEYDOVLVESDNENRUEESKALFRTIITYPWFONSSVILFLNKKDLLEEKI LIYSHLV DYFPEYOGPORO ( 6) FILKUFVO ( 0) LNPDSO KIIYS HFTCATDTENIRFVFAAVKDTIUl.NL (6) 
25. DVGGORSERRKWIHCFE NVTSIUFLVALSEYDOVLVESDNENRUEESKALFRTIITYPWFONSSVILFLNKKDLLEDKI LYSHLV OYFPEFOGPORE ( 6) FILKUFVO ( 0) LNPDSD KIIYS HFTCATDTENIRFVFMVKDTIUl.NL (6) 
26. DVGGORSERRKWIHCFE SVTSIIFLVALSEYDOVLAECDNENRMEESKALFRTIITYPWFLNSSVILFLNKKDLLEEKI YYSiiLI SYFPEYTGPKOO ( 6) FILKLYOD ( 0) ONPDKE KVIYS HFTCATOTENIRFVFAAVKOTIUl.NL (6) 
27. DVGGORSERRKWIHCFE NVTSIIFLVALSEYDOILFESDNENRMEESKALFRTIITYPWFONSSVILFLNKKOLLEEKI UYSHLV DYFPEYDGPKOD ( 6) FVLKKYLA ( 0) CNPOPE f()CYS HFTTATDTENIKLVFCAVKDTIY<YiAL (6) 
28. DVGGOKSERKKW I HCFE NV I ALI YLASLSEYDOCLEENNOENRMKESLALFGT I LELPWFKSTSV I LFLNKTD I LEEK I PTSHLA TYFPSFOGPKOD ( 6) F I L[),IYTR (12) KKGARS RRLFS HYTCA TOT� I RKVFKDVROSVLARYL (6) 
29. DVGGORSER� I HCFE NV I ALI YLASLSEYDOCLEENOOENRMEESLALFST I LELPWFKSTSV I LFLNKTO I LEDK I HTSHLA TYFPSFOGPRRD ( 6) F I LillY AR (12) RKGSRA RAFFA HFTCA TDTOSVRSVFKDVRDSVLARYL (6) 
30. DVGGORSORCUFOCFD GITSILAIVSSSEYDOVLUEORATNRLVESUNIFETIVNNKLFFNVSIILFLNKUDLLVEKV KSVSIK KHFPDFKGDPHR ( 6) YLVOCFDR ( 0) KRRNRS KPLFH HFTTAIDTENIRFVFHAVKDTIL<l:NL (6) 
31. DVGGORSERKRWFECFD SVTSILFLVSSSEFDOVLUEDROTNRLTESLNIFETIVNNRVFSNVSIILFLNKTDLLEEKV OVVSIK DYFLEFEGDPHC ( 6) FLVECF� ( 0) KRRDOOORPLYH HFTTAINTENIRLVFRDVKDTILHDNL (6) 
32. DVGGORTOROKWTRCFDSSVTS I I FLVSSSEFDOVLAEDRKTNRLEESKN I FOT I VNNA TFKG IS I I LFLNKIDLLEOKVCNPETD I R WYYPHFNGNPHS ( 6) F I LCJIFUS ( 0) VARSSS I SRI YH HFTT A I DT� I NVVFNSVKDT I LORNL (6) 
33. DVGGORSORRKWIHCFD CVTAVIFVAAMSDYDOVLREDESVNRTRESLALFKEIVNCOYFKETPIVLFLNKKDLFKEKL KRVPLO SCFSDYTGPNKY ( 5) FIOSOYLA ( 0) OGPSP RTIYT HATCAVDTENIKFVFRAVROTILSOAL {3) 
34. DVGGORSERKKWUHCFO EVTAVIFCVALSEYDLKLYEDDTTNRUOESLKLFKEICNTKWFANTAUILFLNKRDIFSEKI TKTPIT VCFKEYDGPOTY ( 5) FIKOOFIN ( 0) ONENPK KSIYP HLTCATDTNNILVVFNAVKDIVLNLTL (7) 
35. DVGGORSEAKKWL.SCFD DVTAVVFCVALSEYDLLLYEONSTNRULESLRVFSDVCNS WFVNTPIILFLNKSOLFREKI KHVDLS ETFPEYKGGROY ( 5) YIKERFYKl ( 0) INKTEO KAIYS HITCATDTNNIRVVFEAVKDIIFTOCV (7) 
36. OVGGORSORKKW I HCFD DAKAU I YVASLSEYDOVLLEDNTTNAMHES I OLFKOV I NNKYFVNTSV I LFLNK I DLFEEK I VTKKRSLG I AFESFSGPSOD ( 6) FVEKKYRS ( 0) LIAENKE KN I YC HHTCA TDTOOVOYVLDAVLOT I LSTKL (6) 
37. DVGGORSERKKWIHCFE DVNAIIFIAALSEYNEVLFEDETTNRMIESURLFESICNSRWFHNTNIILFLNKKOLFEEKI KKENIH KAFPEY�EONY ( 5) FIKTKFEA ( 0) LSNNPK KTFYV HETCATDTNOVQKILOSVIS&IIIOSNL (6) 
38. DVGGORSERKKWIHCFE DVNAIIFIAAISEYDOVLFEOETTNRUIESURLFESICNSRWFINTSLIILFLNKKDLFAEKI KRTSIK SAFPOYKGAOTY ( 5) YIEEKFOG ( 0) LNANPE KTIYW HOTCATOTOOVCliiLDSVI!lAIIOANL (6) 
39. DVGGORSER�WIHCFE NVTALLFLVSLAGYOOCLVEDNSGNOMOEALLLWOSICNSSWFSESAUILFLNKLDLFKRKG SHFPIO KHFPDYOEVGST (20) YFYLKFES ( 0) LNRIAS RSCYC HffiATOTSLLORVUVSVODTIUSNNL (5) 
40. DVGGORSERKKWIHCFE NVTALVFLVSLSEYDCliLYEDESVNRUOEALTLFDSICNSAWFVKTSIILFLNKIDLFAEKL PARAS TYFPDFTGGDNY ( 5) YLLHAFVS ( 0) LNOSMTKOIYA HYTCATOTOOIKFVLSAIOOILL<l_HL (6) 
41. OVGGORSERKKW I HCFD NVTLV I FCVSLSEYDOTLUEDKNONRFOESLVLFDN I VNSRWFARTSVVLFLNK I DLFAEKL RKVPUE NYFPOYTGGSO I ( 5) Y I L'f!RFVO ( 0) LNRAN LSI YP HVTOA TDTSN I RL VFM I KET I LENTL (7) 
42. DAGGORSERKKWIHCFE GITAVLFVLAUSEYDCliLFEDERVNRMHESIULFDTLLNSKWFKDTPFILFLNKIDLFEEKV KSUPIR KYFPOYOGRVGD ( 6) YFEKIFLS ( 0) LNKTN KPIYV KRTCATDTOTUKFVLSAVTDLIIOONL (6) 
43. DAGGORSVRKKWIHCFE DITAVLFVLAISEYDONLFEDERVNRMHESIVLFDSLCNSKWFANTPFILFLNKIOIFENKI KKNPLK NYFPDYOGKPDD ( 6) FFETNFLK ( 0) INOTN KPIYV HRTCATDSKSLIKFVLSAVT!liiVOONL (6) 
4 4. DVGGORNER�W I HLFE GVT AV I FCM I SEYDOTLFEDEOKNRMIAETKELFDWVLKOPCFEKTSFMLFLNKFD I FEKKV LDVPLNVCEWFRDYOPVSSG ( 1 3) KFEEL YYO ( 0) NTAPDRVDRVFK I YATT ALDOKL VKKTFKL VDETLRRRNL ( 6) 
4 5. DVGGORNERil<W I HLFE GVT AV I FCAA I SEYDOTLFEDERKNRMMETKEL FEWVLKOPCFEKTSFMLFLNKFD I FEQKV PKVPLNACEWFKDYOSVSTG ( 1 3) KFEESYFO ( 0) CT APDRVDRVFK I YRTT ALDOKL VKK TFK L VOETLFmNL ( 6) 

consensus D GGO W F E E LFLNK 0 K T A 

Appendix 8 (Continued) 



G protein a subunits (ao subunit exon 7 and 8 region) 

1. (240) TNRMHESLMLFDSICNNKFFIDTSI ILFLNKKDLFGEKI KKSPLTICFPEYTGPNTYED 

2. (240) TNRMHESLKLFDSICNNKWFTDTSI ILFLNKKDIFEEKI KKSPLTICFPEYTGPSAFTE 

3. (240) TNRMHESLKLFDSICNNKWFTDTSI ILFLNKKDIFOEKI KSSPLTICFPEYTGPNSFTE 

4. (240) TNRMOESLKLFDSICNNKWFTDTSI ILFLNKKDLFEEKI RKSPLTICFPEYTGGOEYGE 

5. (240) TNRMOESLKLFDSICNNKWFTETSI ILFLNKKDLFEEKI KKSPLTICFPEYTGKOMYOE 

6. (240) TNRMHESLKLFDSICNNKWFTDTSI ILFLNKKDLFEEKI KKSPLTICFPEYSGRODYHE 

7. (234) MNRMHESMKLFDSICNNKWFTDTSI ILFLNKKDLFEEKI KKSPLTICYPEYAGSNTYEE 

8. (240) TSRMAESLRLFDSICNNNWFINTSLILFLNKKDLLAEKI RRIPLTICFPEYKGONTYEE 

9. (235) VNRMHESLHLFNSICNHRYFATTSIVLFLNKKDVFFEKV KKAHLSICFPDYDGPNTYED 

10. (262) TNRLOEALNLFKSIWNNRWLRTISVILFLNKODLLAEKVLAGKSKIEDYFPEFARYTTPED 

consensus R E LF Sl N S LFLNK D EK P 

1. AAA ( 0) YIOAOFESKNRSPN KEIYC HMTCATDTNNIOVVFDAVTDI I IANNLRGCGLY (0) 
2. AVA ( 0) YIOAOYESKNKSAH KEIYS HVTCATDTNNIOFVFDAVTDVI IAKNLRGCGLY (0) 
3. AVA ( 0) HTOHOYESRNKSEN KEIYT HITCATDTONIOFVFDAVTDVI IAYNLRGCGLY (0) 
4. AAA ( 0) YIOAOFEAKNKSTS KEIYC HMTCATDTNNIOFVFDAVTDVI IANNLRGCGLY (0) 
5. ASA ( 0) YIOAOFEAKNKSSA KEIYC HOTCATDTNNIOFVFDAVTDVI IANNLRGCGLY (0) 
6. ASA ( 0) YIOAOFEAKNKSAN KEIYC HMTCATDTTNIOFVFDAVTDVI IANNLRGCGLY (0) 
7. AAA ( 0) YIOCOFEDLNKRKDTKEIYT HFTCATDTKNVOFVFDAVTDVI IKNNLKDCGLF (0) 
8. AAV ( 0) YIOROFEDLNRNKETKEIYS HFTCATDTSNIOFVFDAVTDVI IONNLKYIGLC (0) 
9. AGN ( 0) YIKVOFLELNMRRDVKEIYS HMTCATDTONVKFCFDAVTDI I IKENLKDCGLF (0) 

10. ATP (13) FIRDEFLRISTASGDGRHYCYPHFTCAVDTENIRRVFNDCRDI IORMHLROYELL (0) 
consensus A Y H TCA DT N F D I L L 

100 

63 
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adenylyl cyclase 

1. (306) FNTMYMYRHENVSILFAOIVGFTOLSSAC SAOELVKLLNELFARFOKLAAKYHOLRIKILGDCYYCICGLPOYR ( 0) EOHAVCSILMGLAMVEAISY 

2. (292) FHKIYIORHONVSILFAOIVGFTGLASOC TAOELVKLLNELFGKFOELATENHCRRIKILGDCYYCVSGLTOPK ( 0) TOHAHCCVEMGLOMIOTITS 

3. (262) FHRIYIOKHENVSILFAOIVGFTVLSSOC SAOELVRLLNELFGRFOOLAHONHCLRIKILGDCYYCVSGLPEPR ( 0) KOHAKCAVEMGLOMIOAIAT 

4. (276) FHNLYVKRHTNVSILYAOIVGFTRLASDC SPGELVHMLNELFGKFOQIAKENECMRIKILGDCYYCVSGLPISL ( 0) PNHAKNCVKMGLDMCEAIKK 

5. (260) FHSLYVKRHOGVSVLYAOIVGFTRLASEC SPKELVLMLNELFGKFOQIAKEHECMRIKILGDCYYCVSGLPLSL ( 0) POHAINCVRMGLDMCRAIRK 

6. (293) FHKIYIOKHDNVSILFAOIEGFTSLASQC TAOELVMTLNELFARFDKLAAENHCLRIKILGDCYYCVSGLPEAR ( 0) AOHAHCCVEMGMDMIEAISS 

7. (378) FHKIYIOKHDNVSILFAOIEGFTSLASOC TAOELVMTLNELFARFDKLAAENHCLRIKILGDCYYCVSGLPEAR ( 0) AOHAHCCVEMGVDMIEAISL 

8. (425) IVIPEPEEYKSCSILCFOIVOFTNMSAKLDSPSRLVOLLTOVFREFDTVVLRNGCQKIKTDGDAYICACGLKSKK (95) HFEKLIOVAIEIMNLOVLKE 

consensus S L 01 FT LV L F FD IK GO Y C GL 

1. VREKTKTGVOMRVGVHTGTVLGGVLGOKRWOYOVWSTOVTVANKMEAGGIPGRVHISOSTMOCLK ( 0) GEFOVEPGOGGSRCDYLOEKGIETYLI IASKPEVKK 

2. VAEATEVOLNMRVGLHTGRVLCGVLGLRKWOYOVWSNOVTLANVMEAAGLPGKVHITKTTLACLN ( 0) GOYEVEPGHGHERNSFLKTHNIETFFIVPS HRRKI 

3. VVEATDVILNMRVGIHTGRVLCGVLGLRKWOFOVWSNOVTLANHMESGGEPGRVHVTRATLOSLS ( 0) GEYEVEAGHGDERSSYLROHGVOTFFIVPPPHRRKP 

4. VRDATGVDINMRVGVHSGNVLCGVIGLOKWOYOVWSHOVTLANHMEAGGVPGRVHISSVTLEHLN ( 0) GAYKVEEGOGEIRDPYLKOHLVKTYFVINPKGERRS 

5. LRVATGVDINMRVGVHSGSVLCGVIGLOKWOYDVWSHOVTLANHMEAGGVPGRVHITGATLALLA ( 0) GAYAVERADMEHROPYLRELGEPTYLVIDPWAEEEO 

6. VREVTGVNVNMRVGIHSGRVHCGVLGLRKWOFOVWSNOVTLANHMEAGGKAGRIHITKATLNYLN ( 0) GOYEVEPGCGGERNAYLKEHSIETFLILRCTOKRKE 

7. VREVTGVNVNMRVGIHSGRVHCGVLGLRKWOFOVWSNOVTLANHMEAGGRAGRIHITRATLOYLN ( 0) GOYEVEPGRGGERNAYLKEOCIETFLILGASOKRKE 

8. TGNTEGIQVQFRCGIAAGSVYGGVIGSOKYOFOIWGOTIARSHTLEOLGOPGKVHVGETIMTHKN (21) HOYEFHKAHGECITSYFVOWKODYREKKKKOLSCOF 

consensus R G G V GV G 0 0 W E G G H 

1. (407) KROEELYSOSYOEIGVMFASLPNFAOFYTEESINNGGIECLRFLNEI ISOFOSLLDNPKFRVITKIKTIGSTYMAASGVTP (22) HLADLADFALAMKO 

2. (370) PRNMDLYYQSYSOVGVMFASIPNFNOFYIELOGNNMGVECLRLLNEI IAOFOELMOKDFYKDLEKIKTIGSTYMAAVGLAP (12) HLSTLADFAIEMFO 

3. (491) RNNMELYHOSYAKVGVIFASVPNFNEFYTEMOGSDOGLECLRLLNEI IAOFOELLKEDRFRGIDKIKTVGSTYMAVVGLIP (14) HMTALIEYVKAMRH 

4. (400) LKNEELYHOSYDCVCVMFASIPDFKEFYTESOVNKEGLECLRLLNEI IAOFOOLLSKPKFSGVEKIKTIGSTYMAATGLSA (15) HIGTMVEFAYALVG 

5. (392) RRNEDLYHOSYECVCVLFASIPDFKEFYSESNINHEGLECLRLLNEI IAOFOELLSKPKFSGVEKIKTIGSTYMAATGLNA (15) HLGTMVEFAVALGS 

6. (405) RRNOELYYOSCECVAVMFASIANFSEFYVELEANNEGVECLRLLNEI IAOFOEI ISEORFRQLEKIKTIGSTYMAASGLNO ( 9) HIKALADFAMKLMD 

7. (403) RRNOELYYOSCECVAVMFASIANFSEFYVELEANNEGVECLRLLNEI IAOFOEI ISEERFROLEKIKTIGSTYMAASGLNA ( 9) HITALADYAMRLME 

8. (437) ETKGIVYVQPHODVSIMFIOIAGFOEY DEPKOLIKKLNOIFSFFDGLLNOKYGGTVEKIKTIGNTYMAVSGLOG ( 0) SPSFLEKMSOFALO 

consensus Y Q F F LN I FO KIKT G TYMA G 

1. TLTNINNQSFNNFMLRIGMNKGGVLAGVIGARKPHYDIWGNTVNVASRMESTGVMGNIOVVEETOVILREYGFRFVRRGPIFVKGKGELLTFFLKGR ( 22) 
2. VLDEINYOSYNDFVLRVGINVGPVVAGVIGARRPOYOIWGNTVNVASRMOSTGVOGRIQVTEEVHRLLRRGSYRFVCRGKVSVKGKGEMLTYFLEGR ( 74) 
3. SLOEINSHSYNNFMLRVGINIGPVVAGVIGARKPQYOIWGNTVNVASRMDSTGVPGYSOVTOEVVDSLVGSHFEFRCRGTIKVKGKGDMVTYFLCDS (1094) 
4. KLDAINKHSFNDFKLRVGINHGPVIAGVIGAQKPOYOIWGNTVNVASRMOSTGVLOKIOVTEETSLILOTLGYTCTCRGI INVKGKGDLKTYFVNTE ( 12) 
5. KLGVINKHSFNNFRLRVGLNHGPVVAGVIGAQKPOYOIWGNTVNVASRMESTGVLGKIOVTEETARALQSLGYTCYSRGVIKVKGKGOLCTYFLNTD ( 10) 
6. OMKYINEHSFNNFQMKIGLNIGPVVAGVIGARKPOYDIWGNTVNVASRMOSTGVPORIOVTTOMYQVLAANTYOLECRGVVKVKGKGEMMTYFLNGG ( 4) 
7. OMKHINEHSFNNFOMKIGLNMGPVVAGVIGARKPOYOIWGNTVNVSSRMOSTGVPORIOVTTOLYOVLAAKGYQLECRGVVKVKGKGEMTTYFLNGG ( 3) 
8. VKAYTNSVAI SRVVRIGISHGPLVAGCIGISRAKFOVWGOTANTASRMOSNAODNEIMVTHSVYERLNKLFYFDOEKEIL VKGKGKMVTHVLKGK ( 50) 

consensus N G G AG IG D WG T N SRM S V L VKGKG T 
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1. (228) DVAYHNSLHAADVLOSTHVLLATPALDAVFTDLEILAALFAAAIHDVDHPGVSNOFLINTNSELALMY NDESVLEN HHLAVG FKLLOEYNC 

2. (227) DVAYHNSLHAADVAOSTHVLLSTPALDAVFTDLEILAAIFAAAIHDVDHPGVSNOFLINTNSELALMY NDESVLEN HHLAVG FKLLOEEHC 

3. (233) DVAYHNNIHAADVVOSTHVLLSTPALEAVFTDLEILAAIFASAIHDVDHPGVSNOFLINTNSELALMY NDSSVLEN HHLAVG FKLLOEENC 

4. ( 97) NVAYHNSIHAADVVOSAHVLLGTPALEAVFTDLEVLAAIFACAIHDVDHPGVSNOFLINTNSELALMY NDSSVLEN HHLAVG FKLLOGENC 

5. (242) DNPFHNSLHAADVTOSTNVLLNTPALEGVFTPLEVGGALFAACIHDVDHPGLTNOFLVNSSSELALMY NDESVLEN HHLAVA FKLLONOGC 

6. (217) KNPYHNOIHAADVTOTVHCFLLRTGMVHCLSEIEVLAI IFAAAIHDYEHTGTTNSFHIOTKSECAILY NDRSVLEN HHISSV FRMMODDEM 

7. (213) KNPYHNLIHAADVTOTVHYIMLHTGIMHWLTELEILAMVFAAAIHDYEHTGTTNNFHIOTRSDVAILY NDRSVLEN HHVSAA YRLMOEEEM 

8. (791) SGFTHGHMGYVFSKTYNVTDDKYGCLSGNIPALELMALYVAAAMHDYDHPGRTNAFLVATSAPOAVLY NDRSVLEN HHAAAAWNLFMSRPEY 

9. (554) RITYHNWRHGFNVGOTMFSLLVTGKLKRYFTDLEALAMVTAAFCHDIDHRGTNNLYOMKSONPLAKL HGSSILER HHLEFG KTLLRDESL 

10. (552) RITYHNWRHGFNVAOTMFTLLMTGKLKSYYTDLEAFAMVTAGLCHDIDHRGTNNLYOMKSONPLAKL HGSSILER HHLEFG KFLLAEESL 

11. (552) AVTYHNWRHGFNVGOTMFTLLMTGRLKKYYTDLEAFAMLAAAFCHDIDHRGTNNLYOMKSTSPLARL HGSSILER HHLEYS KTLLODESL 

12. (631) DPPYHNWMHAFSVSHFCYLLYKNLELTNYLEDMEIFALFISCMCHDLDHRGTNNSFOVASKSVLAALYSSEGSVMER HHFAOA IAILNTHGC 

13. (260) VNKFHNFRHAIDVMOATWRLCTYLLKDN PVOTLLLCMAAIGHDVGHPGTNNOLLCNCESEVAONF KNVSILENFHRELFO OLLSEH W 

consensus H HD H G N A S E H 

1. D I FONLSKROROSLRKMV I DMVLATDMSKHMTLLADL (25) 
2. DIFONLTKKOROTLRKMVIDMVLATDMSKHMSLLADL (25) 
3. DIFONLTKKOROSLRKMAIDIVLATDMSKHMNLLADL (25) 
4. DIFONLSTKOKLSLRRMVIDMVLATDMSKHMSLLADL (25) 
5. DIFCNMOKKOROTLRKMVIDIVLSTDMSKHMSLLADL (25) 
6. NIFINLTKDEFVELRALVIEMVLATDMSCHFOOVKTM (14) 
7. NVLINLSKDDWRDLRNLVIEMVLSTDMSGHFOOIKNI (14) 
8. NFLINLDHVEFKHFRFLVIEAILATDLKKHFDFVAKF (20) 
9. NIFONLNRROHEHAIHMMDIAI IATDLALYFKKRTMF (29) 

10. NIYONLNRROHEHVIHLMDIAI IATDLALYFKKRTMF (29) 
11. NIFONLNKROYETVIHLFEVAI IATDLALYFKKRTMF (29) 
12. NIFDHFSRKDYORMLDLMRDI ILATDLAHHLRIFKDL (18) 
13. PLKLSISKKKFD FISEAILATDMALHSOYEDRL (10) 

consensus TO 

VLRNMVHCADLSNPTKPLELYROWTDRIMAEFFOOGDRERE RGMEISPMC 

VLRNMVHCADLSNPTKSLELYROWTDRIMEEFFOOGDKERE RGMEISPMC 

VLONMVHCADLSNPTKPLOLYROWTDRIMEEFFROGDRERE RGMEISPMC 

VLOSLVHCADLSNPAKPLPLYROWTERIMAEFFOOGDRERE SGLDISPMC 

VLENLVHCADLSNPTKPLPLYKRWVALLMEEFFLOGDKERE SGMDISPMC 

ALSLLLHAADISHPTKOWSVHSRWTKALMEEFFROGDKEAE LGLPFSPLC 

TMSLILHAADISHPAKSWKLHHRWTMALMEEFFLOGDKEAE LGLPFSPLC 

VCOMCIKLADINGPAKCKELHLOWTDGIVNEFYEOGDEEAS LGLPISPFM 

VMAMMMTACDLSAITKPWEVOSKVALLVAAEFWEOGDLERTVLOONPIPMM 

VMAMMMTACDLSAITKPWEVOSKVALLVAAEFWEOGDLERTVLDOOPIPMM 

IMAMMMTACDLSAITKPWEVOSOVALLVANEFWEOGDLERTVLOOOPIPMM 

LLCLLMTSCDLSDOTKGWKTTRKIAELIYKEFFSOGDLEKA MGNRPMEMM 
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1. (322) NNPLSHYWISSSHNTYLTGOOFSSESSLEAYARCLRMGCRCIELDCWDG (4) 
2. (314) NNPLSHYWISSSHNTYLTGDOLRSESSPEAYIRCLRMGCRCIELDCWDG (4) 
3. (298) DOPLSHYLVSSSHNTYLLEOOLTGPSSTEAYIRALCKGCRCLELDCWDG (4) 
4. (292) TOPLNHYYINSSHNTYLVGDOLCGOSSVEGYIRALKRGCRCVEVDIWDG (4) 
5. (259) TOPLSAYFINSSHNTYLTAGOLAGTSSVEMYROALLWGCRCVELDVWKG (6) 
6. (314) TOPLNHYFINSSHNTYLTAGOFSGLSSAEMYROVLLSGCRCVELDCWKG (6) 
7. (318) SOPLSHYFINSSHNTYLTAGOLAGNSSVEMYROVLLSGCRCVELDCWKG (6) 
8. (320) DOPMSHYFINSSHNTYLTGHOLTGKSSVEIYROCLLAGCRCVELDFWNG (4) 
9. (151) DHPLAHYFISSSHNTYLTGROFGGKSSVEMYROVLLAGCRCVELDCWDG (6) 

10. (321) DOPLAHYYINSSHNTYLSGROIGGKSSVEMYROTLLAGCRCVELDCWNG (6) 

PVIYHGHTLTTKIKFSDVLHTIKEHAFVASEYPVILSIEDHCSIA OORN 

PVIYHGWTRTTKIKFDDVVOAIKDHAFVTSSFPVILSIEEHCSVE OORH 

PI IYHGYTFTSKILFCDVLRAIRDYAFKASPYPVILSLENHCSLE OORV 

PIVYHGHTLTSRIPFKDVVAAIGOYAFOTSDYPVILSLENHCSWE OOEI 

PFITHGFTMTTEVPLRDVLEAIAETAFKTSPYPVILSFENHVDSAKOOAK 

PI ITHGFTMTTDIFFKEAIEAIAESAFKTSPYPI ILSFENHVDSPROOAK 

PVITHGFTMTTEISFKEVIEAIAECAFKTSPFPILLSFENHVDSPKOOAK 

PVIVHGYTFVPEIFAKDVLEAIAESAFKTSEYPVILSFENHCNPR OOAK 

PI ITHGKAMCTDILFKDVIOAIKETAFVTSEYPVILSFENHCSKY OOYK 

PIVTHGHAYCTEILFKDCIOAIADCAFVSSEYPVILSFENHCNRA OOYK 

PI IFHGNTLTSOIKFSHVCETIKARGFETSPYPVILSLEVHCSVP OOIM 

PVVCHG FLTSAIPLKTVIRVIKKYAFITSPYPLI ISLEINCNKD NOKL 

11. (324) SKPLSYYFINSSHNTYLSGHOLKGLSTSEMYTNTLROGCKCVELDVWDG (4) 
12. (382) SKPLNHYFIASSHNTYLLGKOIAETPSVEGYIOVLOOGCRCVEIDIWDG (3) 
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1. MAOYFKKVLGDTL ( 8) ADGLPSPNOLKRKILIKH (544) LSRIYPKGORLDSSNYDPLPMWICGSOLVALNFOTPDKPMOMNOALF ( 5) CGYVLOPSTM (22) 
LTRVYPKGORVDSSNYDPFRLWLCGSOMVALNFOTADKYMOMNHALF ( 5) TGYVLOPESM (21) 
LSRIYPAGWRTDSSNYSPVEMWNGGCOIVALNFOTPGPEMDVYLGCF ( 5) CGYVLKPAFL (24) 
LSRVYPSGLRTDSSNYNPOEFWNAGCOMVAMNMOTAGLEMDLCDGLF ( 5) CGYVLKPDFL (27) 
LSRIYPKGTRVDSSNYMPOLFWNVGCOLVALNFOTLDLPMOLNAGVF ( 5) SGYLLKPEFM (24) 
MSRIYPKGTRMDSSNYMPOMFWNAGCOMVALNFOTMDLPMOONMAVF ( 5) SGYLLKHEFM (24) 
LSRIYPKGTRVDSSNYMPOLFWNAGCOMVALNFOTVDLAMOINMGMY ( 5) SGYRLKPEFM (24) 
LSRVYPAGTRFDSSNFMPOLFWNAGCOLVALNFOTLDLAMOLNLGIF ( 5) SGYLLKPEFM (24) 
MSRIYPKGGRVDSSNYMPOIFWNSGCOMVSLNYOTPDLAMOLNOGKF ( 5) CGYLLKPDFM (24) 
MSRIYPKGTRADSSNYMPOVFWNAGCOMVSLNFOSSDLPMOLNOGKF ( 5) CGYLLKPDFM (24) 
LLRVYPRGTRFDSSNFDPMPGWSIGCOLAALNOOTSSEPMWINDGMF ( 5) CGYVLKPPCL (25) 
LMRVYPHVLRYKSSNFNPIPFWKAGVOMVATNWOTNDIGOOLNLAMF (12) SGYVLKPKKL (27) 

2. MAKAFKEVFGDLL ( 8) ADOLPSPSOLREKI I IKH (526) 
3. MARHLRAILGPIL ( 8) TTSLPSPEOLKGKILLKG (107) 
4. IVRHLTEILGDOL ( 9) PTOLPSPEDLRGKILVKG (109) 
5. MAEYCRSIFGEAL (12) GTPLPSPODLMGRILVKN (177) 
6. MAEYCRTIFGDML (12) GVPLPSPEDLRGKILIKN (133) 
7. MAEYCRLIFGDAL (12) GVPLPSPMDLMYKILVKN (127) 
8. I ANYCRE I FGDML ( 12) NMDLPPPAMLRRK II I KN ( 187) 
9. MSKYCEDLFGDLL (12) GRPLPSPNDLKRKILIKK (156) 

10. LAKYCDDFFGDLL (12) GLPLPPPCKLKRKILIKN (135) 
11. MANHMKEIFGEML ( 7) TKELPTLDSLKYKILLKG (126) 
12. ASLIMREVLAEOL ( 6) TDKLPSPRELKHKILLKS (121) 

consensus L LP L I K R YP R SSN P W G 0 N 0 GY L 

1. I EVLGARHLP ( 7) 
2. VKVLGARHLP ( 7) 
3. VRI ISGOOLP (10) 
4. LOVISGOOLP (11) 
5. VKVISGOFLS ( 4) 
6. I TV I SGOFLS ( 4) 
7. VKI ISGOFLS ( 4) 
8. ITVLSGOFLT ( 4) 
9. VOVISGOFLS ( 4) 

10. VKVIAGOFLS ( 4) 
11. VNV I SAROLP ( 11 ) 
12. IRILSTOLLP (24) 

consensus L 

CPFVEIEV AGAEYDSTKO KTEFV VDNGLNPVWPAK (5) ISNPEFAFLRFVV (11) LAOATFPVKGLKTGYRAVPL ( 98) 
CPFVEVEI CGAEYGNNKF KTTVV NDNGLSPIWAPT (7) IYDPNLAFLRFVV (11) LAHATYPIKAVKSGFRSVPL ( 85) 
DPKVIVEI HGVGRDTGSR OTAVI TNNGFNPRWDME (4) VTVPDLALVRFMV (11) IGOSTIPWNSLKOGYRHVHL ( 21) 
DPL VRVE I FGVRPDTTRO ETSYV ENNGFNPYWGOT ( 4) I LVPELALLRFVV ( 11) I GOYTLPWSCMOOGYRH I HL ( 28) 
GIYVEVDM FGLPVDTRRK YRTRTS OGNSFNPVWDEE (6) VVLPTLASLRIAA ( 7) VGHRILPVSAIRSGYHYVCL (410) 
RTYVEVEL FGLPGDPKRR YRTKLSPSTNSINPVWKEE (6) ILMPELASLRVAV ( 7) LGHRI IPINALNSGYHHLCL (403) 
GTYVEVDM FGLPVDTRRKAFKTKTS OGNAVNPVWEEE (6) VVLPSLACLRIAA ( 7) IGHRILPVOAIRPGYHYICL (440) 
NTFVEVDM YGLPADTVRKKFRTKTV RDNGMNPLYDEE (6) VVLPELASIRIAA ( 7) IGHRVLPVIGLCPGYRHVNL (470) 
GTYVEVDM YGLPTDTIRKEFRTRMV MNNGLNPVYNEE (6) VILPDLAVLRIAV ( 7) IGORILPLDGLOAGYRHISL (374) 
GTYVEVDM FGLPSDTVKKEFRTRLV ANNGLNPVYNED (6) VVLPDLAVLRFGV ( 7) LGOR I LPLDGLOAGYRHVSL (309) 
DPYVTLSI VGTHFDOKVE KTKVI DNNGFNPHWGEE (4) LYNSOLSMLLIRV (10) IGHHCIRVENIRPGYRILKL ( 21) 
EPTMPISIDKGTRISATEA STKSS OGNGFNPIWDAE (4) LKDTDLTFIKFMV ( 6) IASVCLKLNYLRMGYRHIPL ( 20) 
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