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Part 2 

Rapid Divergence of Tissue Specific Genes 

in Early Evolution of Chordates 
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Introduction 

An evolutionary analysis of several protein families based on 

phylogenetic trees revealed interesting branching patterns characteristic of 

family members: Divergence of distinct functions by gene duplication predates 

almost exclusively the divergence of vertebrates and arthropods, whereas in 

members that are virtually identical in function, but differ only in tissue 

distribution (tissue specific isoforms), their diversifications had occurred 

independently in each of vertebrates and arthropods after the separation of 

the two phyla (lwabe et al., 1993; Part 1 ). 
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Results and Discussion 

Figure 1 shows phylogenetic trees of opsin and nicotinic acetylcholine 

receptor (nAChR) subfamilies. Because members of each subfamily have 

identical ligand binding specificity and thus are virtually identical in function, 

but differ only in tissue distributions, they are considered to be tissue specific 

isoforms. In these trees, the branching point (filled circle in Fig. 1) 

corresponding to the divergence of fishes and other higher vertebrates was 

determined by comparing sequences from several vertebrate species and by 

testing the approximate rate constancy of amino acid substitutions among 

vertebrate lineages, by which paralogous comparisons were excluded. 

Tentatively assigning this branching point as a boundary, the whole chordate 

lineages covering from the divergence (open circle) of chordates and 

arthropods to modern vertebrates were divided into two periods, the first 

period {shaded region) and the latter period. On the basis of the phylogenetic 

trees, the number of gene duplications and the rate of amino acid substitutions 

were estimated in each of the periods. Similar analyses were performed for 20 

different families or subfamilies including opsin and nAChR subfamilies. The 

results were summarized in Table 1. 

Table 1 revealed the following branching patterns characteristic of the 

tissue specific isoforms: First, in the 18 subfamilies out of 20 analyzed here, 

the number of gene duplication is larger in the first period than in the latter 

period; of 67 gene duplications in total, 51 (76°/o) have been found in the first 

period. Because the time interval of the first period is only about one half the 

interval of the latter period (i.e., 200 myrs and 400 myrs, respectively, if 

vertebrates/arthropods divergence of 600 myrs and fishes/other higher 

vertebrates divergence of 400 myrs are assumed (Dickerson, 1971 )), the rate 

of gene duplication per year of the first period is estimated to be about six 

times the corresponding rate of the latter period. This figure may be a 

minimum estimate, because the number of lineages is apparently smaller in 
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the first period than in the latter period. Second, the evolutionary rate of amino 

acid substitution is always higher in the first period than in the latter period, 

and the ratio widely differs for different subfamilies, ranging from 1 .8 to 31. 

Reduced functional constraints in duplicated genes is not responsible for the 

accelerated amino acid substitutions in the first period, because no 

appreciable correlation has been observed between copy numbers and 

evolutionary rates, although we do not exclude a possibility that the former 

contributes to the latter in part. Third, in spite of such rapid diversification of 

isoform genes in the early evolution of chordates, the number of isoforms 

shared between chordates and arthropods is very small, only one or a few in 

each of 20 subfamilies, except for the case of potassium channels. Although 

we have no ample data of invertebrate isoforms, it is conceivable that similar 

branching patterns are also observed in invertebrates, judging from the very 

limited number of isoforms shared between vertebrates and invertebrates in 

many subfamilies and the presence of multiple copies of isoforms in arthropod 

opsins and nAChRs, which had diverged independently from those of 

vertebrates (Fig. 1 ). 

The frequent duplication of tissue specific isoforms and the rapid rate of 

amino acid substitutions in the early evolution of chordates are particularly 

interesting in relation to the rapid phenotypic diversification of chordates at 

this period, where a variety of tissues and organs had been developed 

(Romer, 1959). The diversifications at the molecular and phenotypic levels 

are likely to be evolutionarily linked. There is, however, a possibility that the 

observed correlation is only an accidental result. To exclude the possibility, 

we have carried out an similar analysis for another group of isoforms 

(compartmentalized isoforms), among which they are virtually identical in 

function, but differ only in localization of intracellular compartments. 

Figure 2 shows a phylogenetic tree of members of calcium ATPase 

subfamily. Three gene duplications leading to four distinct compartmentalized 
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isoforms showing different intracellular localization evidently predate the 

divergence of protists and animals. This strongly suggests that diversification 

of compartmentalized isoform genes had occurred in the early evolution of 

eukaryotic cells, where several intracellular compartments had been 

established. Similar branching patterns were also observed in other groups of 

compartmentalized isoforms analyzed so far, including HSP70, HSP90, ADP 

ribosylation factor, and rab subfamilies; in these subfamilies, three, one, more 

than four, and more than twelve gene duplications have been observed ' 

respectively, which generate multiple isoforms differing in localization of 

cellular compartments. In addition all these gene duplications were shown to 

have occurred during early evolution of protists. It is therefore conceivable that 

diversifications of compartmentalized isoforms correlate with diversifications of 

cellular compartments, as in the case of tissue specific isoforms. 

Thus it is highly likely that the correlation between genetic variations 

and phenotypic diversifications during evolution of the common ancestor of 

chordates and echinoderms and the early stage of chordates is not an 

accidental result, but has an actual evolutionary meaning. It may be possible 

to interpret the correlation between diversifications at the two levels in a 

unified way. 

We previously showed 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 (Kuma et al., 1993). Lack of function of a 

tissue results in rapid accumulations of amino acid substitutions in tissue 

specific genes, as demonstrated by the lens crystallin of blind mole rat 

(Hendriks, 1987). In addition the number of gene copies are possibly 

regulated by dosage compensation effect (Allendorf, 1979; Kitagawa et al., 

1987). Thus it is conceivable that the relaxation of selective constraints 

operating at the phenotypic level is responsible for the rapid rate of amino 
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acid substitutions as well as the frequent gene duplications in tissue specific 

isoforms during the early evolution of chordates. Although we do not exclude 

a possibility that the Darwinian selection contributes to the genetic diversity in 

part, our interpretation may be more plausible, because the majority of 

evolutionary changes at the molecular level are generally thought to be 

neutral. Furthermore the above interpretation could provide a molecular basis 

for a widely accepted hypothesis on the rapid evolutionary bursts at high 

taxonomic level in the Cambrian period; the invasion of new ecological niche 

is a prerequisite for episodic diversifications of novel body plans, where 

organisms could survive even in a low state of adaptedness (Simpson, 1967; 

Kimura, 1991; Valentine, 1977). This implies the relaxation of selective 

constraint at the phenotypic level. In his four-stage scenario theory of 

macroevolution (Kimura, 1991 ), Kimura emphasized the importance of 

liberation from the preexisting selective constraint at the phenotypic level, 

followed by sudden increase of neutral variations at the molecular level. If our 

interpretation is correct, similar evolutionary patterns will be observed in other 

animal phyla. 
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Table 1. Comparisons of the number of gene duplications and 

evolutionary rates between the first (I) and latter (II) periods in the chordate 

lineages after the separation from arthropods. 

Subfamily 

nAChR family 

nAChR 

Rhodopsin family 

opsin 

mAChR * 

src family 

src 

FGFR* 

rat* 

CDK2 * 

EGFR 

IR * 

erk* 

ras family 

ras 

rap1 (Krev) 

G protein family 

Gai * 

Gas* 

lon-gated channel family 

K+ channel* 

Na+ channel 

lon pump family 

SERCA * 

Na+ -K+ pump 

Elongation factor family 

EF-1 a* 

Aldolase family 

aldolase * 

Total 

no 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

4 

2 

1 

1 

2 

1 

10 (5.0) 

6 (3.0) 

2 (1.0) 

4 (2.0) 

3 (1.5) 

2 (1.0) 

2 (1.0) 

2 (1.0) 

2 (1.0) 

1 (0.50) 

3 (1.5) 

1 (0.50) 

2 (1.0) 

1 (0.50) 

3 (1.5) 

1 (0.50) 

2 (1.0) 

0 (0.0) 

2 (1.0) 

2 (1.0) 

51 (25.5) 
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3 (0.75) 3.6 

3 (0.75) 10 

0 (0.0) 5.5 

0 (0.0) 7.2 

1 (0.25) 6.2 

0 (0.0) 5.5 

0 (0.0) 4.5 

0 (0.0) 3.9 

2 (0.50) 4.2 

0 (0.0) 7.0 

0 (0.0) 31 

0 (0.0) 15 

0 (0.0) 4.3 

0 (0.0) 5.1 

0 (0.0) 4.3 

4 (1.0) 1.8 

0 (0.0) 2.6 

2 (0.50) 1.8 

1 (0.25) 3.4 

0 (0.0) 2.0 

16 (4.0) 



Table 1. (continued} 

Notes - The lineages from the common ancestor of chordates and 

arthropods to extant vertebrates were subdivided into the first (I) and latter (II) 

periods, whose boundary was tentatively defined at the time of divergence of 

fishes and amphibians. no, the number of isoforms shared between 

arthropods and vertebrates. n1 and n11, the numbers of gene duplications 

occurred in the period I and II, respectively; the number of gene duplications 

per 100 million years is shown in parenthesis, which has been calculated by 

assuming 600 million years for the time of divergence of chordates and 

arthropods, and 400 million years for that of fish and amphibian (Dickerson, 

1971 ) . v1/v11, the average rate v1 of amino acid substitutions in the period I 

relative to that v11 in the period II were calculated from the branch lengths of 

inferred phylogenetic tree. *, because no fish data were available, the 

branching point of fish and amphibian was inferred from that of amphibian and 

mammals, by assuming 400 million years and 350 million years (Dayhoff, 

1978) for the divergence times, respectively and the constant rate of 

vertebrate evolution in the period II. Abbreviations: nAChR, nicotinic 

acetylcholine receptor; mAChR, muscarinic acetylcholine receptor; FGFR, 

fibroblast growth factor receptor; EGFR, epidermal growth factor receptor; IR, 

insulin receptor; Gai,G protein a subunit i subtype; Gas,G protein a subunit s 

subtype; SERCA, sarcoplasmic/endoplasmic reticulum type Ca2+ ATPase 

(calcium ion pump). Phylogenetic trees and alignments of the genes listed 

above are on Appendix C1-18. The list of v1 and Vii is on Appendix D. 
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Figure legends 

Figure 1. Phylogenetic trees of (a) , opsins and (b), nicotinic acetylcholine 

receptors (nAChR's) from vertebrates, molluscs and arthropods. Both trees 

were inferred by neighbor-Joining method (Saitou and Nei, 1987) , based on 

the alignment of sequences for conserved regions [250 sites in a) and 367 

sites in b) ], where unambiguous alignments are possible. The deepest roots 

in (a) and (b) were determined by assuming a muscarinic acetylcholine 

receptor and a serotonin-3 receptor as outgroups, respectively. The number at 

each node indicates the probability that two lineages are joined together at 

the node to form a single cluster, which has been estimated by a standard 

procedure with 1000 times resamplings (Felsenstein, 1985). Filled circle, 

divergence of fishes and other higher vertebrates; open circle, divergence of 

chordates and arthropods; Filled rhombus, gene duplication that occurred 

after the divergence of fishes and other higher vertebrates; open rhombus, 

gene duplication that occurred before the separation of fishes and other 

higher vertebrates; Shaded rhombus, gene duplication in arthropod lineages. 

A double rhombus in (b) represents gene duplication that had occurred before 

vertebrates/arthropods divergence. A shaded area indicates a period between 

divergence times shown by the open and closed circles. Sequence data were 

taken from GenBank database release 77.0, except for Drosophila RH4 

(Mantell et al., 1987); accession numbers of sequences are as follows: (a) , 

human rhodopsin (K02281 ) ,  chicken rhodopsin (D00702) , lamprey rhodopsin 

(M63632) , chicken green (M92038, M88178) , Gecko P467 (M92035), goldfish 

green-1 (L 11865) , goldfish green-2 (L 11866) , chicken blue (M92037) ,  

goldfish blue (L 11864), human blue (M13299), chicken violet (M92039) , 

human green (K03494), human red (M13305), chicken iodopsin (X57490) , 

goldfish red (L 11867), cave fish ROO? (M38630), cave fish G1 01 (M38624) , 

cave fish G1 03 (M60945) , Gecko P521 (M92036) , octopus rhodopsin 

(X07797) , Loligo rhodopsin (814332), Drosophila RH1 (K02315), Drosophila 
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RH2 (M12896), crayfish opsin (SS3494), Limulus lateral eye opsin (L03791, 

L03781 ), Drosophila RH3 (M17718, Y00043), human m1 mAChR (an 

outgroup, XS2068, M3S128); (b), human a (Y00762, X02S08), chicken a 

(X07338), Xenopus a (X07067), Xenopus a1A (X17244), Torpedo a 

(J00963), human aS (M83712), chicken aS (JOS642), rat p3 (J04636), goldfish 

na2 (X14786), goldfish na3 (M29S29), human a3 (M37981 ), chicken a3 

(M37336), goldfish a3 (XS40S1 ), rat a6 (L08227), rat a2 (M20297), chicken 

a2 (X07344) rat a4 (M1S682), chicken a4 (X07399), human P2 (XS3179), 

chicken p2 (XS3092;X073S7), rat b4 (M339S3), chicken na3 (A39218), 

goldfish P2 (XS40S2), human p (X14830), Torpedo p (J00964), mouse 8 

(K02S82), chicken 8 (K02903), Torpedo 8 (J0096S), human y (M11811 ), 

chicken y (K02904), Torpedo y (J00966, V01394), mouse c: (J04698, XSS718), 

Drosophila Da2 (XS2274, XS3S83), Drosophila ALS (X07194), Drosophila 

SBD (XSS676), Drosophila ARD (X04016), rat a? (M8S273), chicken a? 

(X68S86), chicken BgtBP a2 (XS2296), mouse SHT-3 receptor (outgroup, 

M7442S). Alignment of the opsins and nAChRs are on Appendix A1 and A2, 

respectively. 

Figure 2. Phylogenetic tree of calcium ATPases (pump). This tree was 

inferred by neighbor-joining method (Saitou and Nei, 1987), based on the 

alignment of 12 sequences from 7 species for conserved regions of 29S sites, 

where unambiguous alignment is possible. The deepest root was determined 

by assuming a yeast proton-ATPase as an outgroup. The number at each 

node indicates the probability that two lineages are joined together at the 

node to form a single cluster, which has been estimated by a standard 

procedure with 1000 times resamplings (Felsenstein, 198S). Open circle, 

divergence of vertebrates and arthropods; closed circle, divergence of protists 

and other eukaryotes; open rhombus, gene duplications occurred before 

divergence of protists and other eukaryotes. Data for the localization of ca2+-
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ATPases in cells were taken from Ghislain et al. (1990) and Rudolph et al. 

(1989). Sequence data were taken from GenBank database release 70.0; 

accession numbers of sequences are as follows: human PMCA 1 (J04027), rat 

SERCA1a (M99223), human SERCA2 (M23114), rat SERCA3 (M30S81), 

Drosophila DRSERCA (M62892), tomato Ca2+ pump (M96324), Plasmodium 

YEL6 (XSS197), rat ca2+ pump (M93017,S43S33), S.cerevisiae PMR1 

(M2S488), S.cerevisiae PMR2 (M2S489), S.po mbe cta3 (JOS634) 

S.cerevisiae PMA1 (outgroup, X03S34). Alignment of the pumps are on 

Appendix B. 
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Appendix 

Appendix A1 Alignment of the opsins. 

1. human rhodopsin, 2. chicken rhodopsin, 3. lamprey rhodopsin, 4. chicken 

green, 5. Gecko P467, 6. goldfish green-1, 7. goldfish green-2, 8. chicken 

blue, 9. goldfish blue, 10. human blue, 11. chicken violet, 12. human green, 

13. human red, 14. chicken iodopsin, 15. goldfish red, 16. cave fish ROO?, 17. 

cave fish G1 01, 18. cave fish G1 03, 19. Gecko P521, 20. octopus rhodopsin, 

21. Loligo rhodopsin, 22. Drosophila RH1, 23. Drosophila RH2, 24. crayfish 

opsin, 25. Limulus lateral eye opsin, 26. Drosophila RH3, 27. Drosophila RH4, 

28. human m1 mAChR (outgroup) 

Appendix A2 Alignment of the nicotinic acetylcholine receptors. 

1. human a, 2. chicken a, 3. Xenopus a, 4. Xenopus a1A, 5. Torpedo a, 6. 

human a5, 7. chicken a5, 8. rat �3, 9. goldfish na2, 10. goldfish na3, 11 . 

human a3, 12. chicken a3, 13. goldfish a3, 14. rat a6, 15. rat a2, 16. chicken 

a2, 17. rat a4, 18. chicken a4, 19. human �2, 20. chicken �2, 21. rat b4, 22 . 

chicken na3, 23. goldfish �2, 24. human �. 25. Torpedo�. 26. mouse 8, 27 . 

chicken 8, 28. Torpedo 8, 29. human y, 30. chicken y, 31. Torpedo y, 32. mouse 

£, 33. Drosophila Da 2, 34. Drosophila ALS, 35. Drosophila SBD, 36. 

Drosophila ARD, 37. rat a?, 38. chicken a?, 39. chicken BgtBP a2, 40. mouse 

SHT-3 receptor (outgroup). 

Appendix 8 Alignment of the Ca2+ ATPases (pumps). 

1. human PMCA 1, 2. rat SERCA 1 a, 3. human SERCA2, 4. rat SERCA3, 5. 

Drosophila DRSERCA, 6. tomato Ca2+ pump, 7. Plasmodium YEL6, 8. rat 

Ca2+ pump, 9. S.cerevisiae PMR1, 10. S.cerevisiae PMR2, 11. S.pombe cta3, 

12. S.cerevisiae PMA 1 (outgroup). 

Appendix C (1-18) Data were from GenBank Release 77.0. Accession 

numbers of the data and expressions were in parentheses. Phylogenetic 

trees were inferred by NJ method (Saitou and Nei, 1987). 



Appendix C1 Phylogenetic tree (a) and alignment (b) of muscarinic 

acetylcholine receptors. 

1.human m1 (X52068, M35128; brain), 2. human m3 (hM4) (X15266; brain, 

pancreas), 3. human m5 (M80333; brain), 4. human m2 (M 16404, X15264; 

brain, heart), 5. chicken m2 (M73217; brain, heart), 6. human m4 (hM3) 

(X15265; brain), 7. chicken m4 (J05218; brain, heart), 8. Xenopus m4 

(X65865; ovary), 9. Drosophila mAChR (M23412; head), 10. bovine 

histamine-H1 receptor (01 0197) (outgroup). 

Appendix C2 Phylogenetic tree (a) and alignment (b) of src. 

1. human src (K03218; ubiquitous, brain), 2. Xenopus src (M23422), 3. human 

yes (M15990; brain, kidney), 4. Xiphophorus yes (X54970), 5. human tyn 

(M14333; monocyte), 6. Xiphophorus fyn (X54971) 7. human fgr (M19722; 

brain, T-cell), 8. human hck (M16591; granulocyte) 9. human lyn (M16038; B 

cell, spleen), 10. mouse lck (M12056; T cell, spleen), 11. chicken tkl (J03579), 

12. mouse blk (M30903; B-cell), 13. Drosophila src (M11917; brain, eye), 14. 

hydra STK (M25245) (outgroup). 

Appendix C3 Phylogenetic tree (a) and alignment (b) of fibroblast growth 

factor receptors (FGFR). 

1. mouse bFGFR (M28998; brain), 2. chicken bFGFR (M24637), 3. Xenopus 

bFGFR (M61687), 4. human bek (X52832; brain), 5. chicken cek3 (M35196), 

6. human FGFR3 (M58051; intestinum, lung, brain, calvarial bone, growth 

plate, skin), 7. human FGFR4 (X57205; fetal adrenal gland, lung, liver, 

pancreas, small intestine, smooth muscle, spleen), 8. salamander FGFR 

(X65059), 9. Drosophila FGFR (X57746), 10. human ret (X12949) (outgroup). 

Appendix C4 Phylogenetic tree (a) and alignment (b) of rat. 

1. human c-raf (X03484; ubiquitous, muscle, brain), 2. Xe nopus c-raf 

(X12948), 3. human B-rat (X54072; brain), 4. human A-rat (X04790; 

epididymis, ovary, kidney, urinary bladder), 5. Drosophila D-rat (X07181 ), 6. 

Dictyostelium DPYK2 (M33784) (outgroup). 

Appendix CS Phylogenetic tree (a) and alignment (b) of CDK2. 

1. human CDK2 (X61622), 2. goldfish cdc2 (840289), 3. Xenopus Eg1 

(X14227), 4. human CDK3 (X66357), 5. Drosophila cdc2c (X57486), 6. human 

cdc2 (X05360) (outgroup), 7. Xenopus cdc2 (M60681) (outgroup), 8. 

Drosophila cdc2 (X57485) (outgroup), 9. Saccharomyces cdc2 (X00257) 

(outgroup). 

Appendix C6 Phylogenetic tree (a) and alignment (b) of epidermal 

growth factor receptors (EGFR). 

1. human EGFR (X00663; epidermal tissue, placenta), 2. chicken EGFR 

(M1 0066), 3. Xiphophorus EGFR-Iike protein (X16891 ), 4. human c-erb-B-2 

(X03363; fetus epidermal tissue, term placenta, 20-week placenta, liver, 

kidney, lung, brain), 5. human c-erb-8-3 (M29366; term placenta, postnatal 

skin, stomach, lung, kidney, brain), 6. Drosophila EGFR-Iike protein (K03054), 

7. Schistosoma EGFR-Iike (M86396) (outgroup). 

Appendix C7 

(IR). 

Phylogenetic tree (a) and alignment (b) of insulin receptors 

1. human insulin receptor (X02160; ubiquitous), 2. human insulin-like growth 

factor-1 receptor (IGF1 R) (X04434), 3. Xenopus XTK-1A (X64659), 4. Xenopus 

XTK-1 B (X64660), 5. bovine isulin-like growth factor-1 receptor (IGF1 R) 

(X54980), 6. Xenopus XTK-2 (X64661 ) , 7. human insulin receptor related 

protein (IRR), 8. Drosophila insulin receptor-like protein (M14778), 9. human 

ROS1 (M34353) (outgroup). 

Appendix CB Phylogenetic tree (a) and alignment (b) of erk. 

1. human erk2 (M84489; ubiquitous), 2. Xenopus Xp42 (M60977), 3. human 

erk1 (M84490; lung), 4. Drosophila erk (840154), 5. Candida erk (M76585) 

(outgroup). 

Appendix C9 Phylogenetic tree (a) and alignment (b) of ras. 

1. human K-ras (L00048; endocrine gland, brain), 2. Xenopus ras (M34657), 

3. goldfish ras (M26734), 4. human H-ras-1 (V00574, J00277; ubiquitous), 5. 



chicken H -ras-1 (X03578), 6. human N-ras (L00043, X02751; ubiquitous, 

bone marrow, thymus, testis), 7. Drosophila Dmras85D (M16429), 8. Artemia 

p21 (M27887), 9. Caenorhabditis let-60 (M55535), 10. Saccharomyces RAS 1 

(K01 970) (outgroup). 

Appendix C1 0 Phylogenetic tree (a) and alignment (b) of rap (Krev). 

1. human Krev-1 (X12533; ubiquitous), 2. Discopyge o-Krev (M38395; 

ubiquitous), 3. human rap 1 b (NBRF Release 36.0, 801 952), 4. Drosophila 

Rap 1 (M80535), 5. Dictyostelium Ddrap 1 (X54291) (outgroup). 

Appendix C11 Phylogenetic tree (a) and alignment (b) of Gai. 

1. human i1 (M1721 9; nearly ubiquitous, brain), 2. Xenopus i1 (X56089), 3. 

human i3 (J03005, M20604, J03198, M27543, J03238; nearly ubiquitous), 4. 

X en opus i3 (X56090), 5. human i2 (M20593, X04828; ubiquitous), 6. 

Lymnaea i (Z15095), 7. Drosophila G1 (M23094), 8. human o2 (M60165) 

(outgroup), 9. human z (J03260) (outgroup), 10. human t2 (01 0384) 

(outgroup). 

Appendix C12 Phylogenetic tree (a) and alignment (b) of Gas. 

1. human s-1 (M21142, X04408; ubiquitous), 2. Xenopus s (X56091 ), 3. rat olf 

(M26718; olfactory neuroepithelium), 4. Drosophila s-S (M33998, M23233; 

brain), 5. Lymnaea s (215096), 6. Schistosoma s (M81 085) (outgroup). 

Appendix C13 Phylogenetic tree (a) and alignment (b) of K+ channels. 

1. mouse MK2 (M30440), 2. Xenopus XSha2 (NBRF Release 36.0, JH0313), 

3. mouse MBK1 (Y00305), 4. human HPCN3 (M55515), 5. human HPNC2 

(M55514), 6. human HBK2 (X17622; brain), 7. human HPCN1 (M55513), 8. 

Drosophila Shaker (M17211 ) , 9. Drosophila ShB (X07132), 10. Aplysia AK01-

A (M95914), 11. rat drk1 (X16476) (outgroup). 

Appendix C14 Phylogenetic tree (a) and alignment (b) of Na+ channels. 

1. rat I (X036389; brain), 2. rat II (X03639; brain), 3. rat Ill (Y00766; brain), 4. 

human SkM1 (M81758; skeletal muscle), 5. human hH1 (M77235; heart), 6. 

Electrophorus (X01119), 7. human hNav2.1 (M91556; heart, uterus), 8. 

Drosophila para (M32078), 9. Loligo (014525), 10. Drosophila (600-E) (ref. 

1 ), 11. human Ca2+ channel N-type alpha-1.1 (M94172) (outgroup). 

ref. 1 = Science 237, 744-749 (1 987). 

Appendix C15 Phylogenetic tree (a) and alignment (b) of Ca2+ pumps 

(SERCA). 

1. rat 1 a (M99223; heart), 2. chicken 1 (M26064), 3. Ran a 1 (X63009), 4. 

human 2 (M23114; muscle, brain, kidney, stomach), 5. chicken 2 (M66385, 

851 963), 6. rat 3 (M30581; ubiquitous, intestine, spleen, lung), 7. Drosophila 

(M62892), 8. Artemia (X51674), 9. tomato Ca2+ pump (M96324) (outgroup). 

Appendix C 16 Phylogenetic tree (a) and alignment (b) of Na+-K+ pumps. 

1. human 1 (X04297, 000099; fetal kidney> adult kidney), 2. chicken 1 

(J03230), 3. Xenopus 1 (ref. 1 ), 4. Bufo 1 (211798, 843455), 5. Catostomus 1 

(X58629), 6. human 2 (J05096; brain, fetal heart), 7. chicken 2 (M59959; 

heart, brain), 8. human 3 (M37457; fetal brain, adult brain, heart, skeletal 

muscle), 9. chicken 3 (M59960), 10. Torpedo 1 (X0281 0), 11. Drosophila Da-

47 (X14476), 12. Artemia (1) (863410), 13. Artemia (2) (Y07513), 14. hydra 

(M75140) (outgroup). 

ref. 1 =Am. J. Physiol. 256, F1 034-F1 043 (1989). 

Appendix C17 Phylogenetic tree (a) and alignment (b) of EF-1 a. 

1. human (X03558, J04617; ubiquitous), 2. Xenopus S (M25504; ubiquitous), 

3. rat statin-related protein (M62751 ), 4. Xenopus 42Sp48 (X56699; oocyte, 

tailbud), 5. Xenopus 0 (M75873, M67485, X52976; oocyte, early embryo), 6. 

Onchocerca (M64333), 7. Drosophila F1 (X06869, M11744), 8. Bo mbyx 

(013338), 9. Drosophila F2 (X06870), 10. Apis (X52884), 11. Artemia 

(X03349), 12. Sa ccharomyces A (X00779, X01638, M 15666, M1 0992, 

M15667) (outgroup). 
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opsin (1) 

1. (37) SMLAAYMFLLIVLGFPINFLTLYVTVOHKKLRTPLNYILLNLAVADLFMVLGGF TSTLYTSLHGYFVFGPTGCNLEGFFATLGGEIALWS 

2. (37) SALAAYMFMLILLGFPVNFLTLYVTIOHKKLRTPLNYILLNLVVADLFMVFGGF TTTMYTSMNGYFVFGVTGCYIEGFFATLGGEIALWS 

3. (37) SALAAYMFFLILVGFPVNFLTLFVTVOHKKLRTPLNYILLNLAMANLFMVLFGF TVTMYTSMNGYFVFGPTMCSIEGFFATLGGEVALWS 

4. (37) RLVCCYIFFLISTGLPINLLTLLVTFKHKKLROPLNY LVNLAVADLFMACFGF TVTFYTAWNGYFVFGPVGCAVEGFFATLGGOVALWS 

5. (37) KVLSFYMFFLIAAGMPLNGLTLFVTFOHKKLROPLNY LVNLAAANLVTVCCGF TVTFYASWYAYFVFGPIGCAIEGFFATIGGOVALWS 

6. (37) KILALYLFFLMSMGLPINGLTLVVTAOHKKLROPLNF LVNLAVAGTIMVCFGF TVTFYTAINGYFVLGPTGCAVEGFMATLGGEVALWS 

7. (37) KLLAVYMFFLICLGLPINGLTLICTAOHKKLROPLNF LVNLAVAGAIMVCFGF TVTFYTAINGYFALGPTGCAVEGFMATLGGEVALWS 

8. (44) RAMAAFMFLLIALGVPINTLTIFCTARFRKLRSHLNY LVNLALANLLVILVGS TTACYSFSOMYFALGPTACKIEGFAATLGGMVSLWS 

9. (41) MAMSVFMFFIFIGGASINILTILCTIOFKKLRSHLNY LVNLSIANLFVAIFGS PLSFYSFFNRYFIFGATACKIEGFLATLGGMVGLWS 

10. (34) YLOAAFMGTVFLIGFPLNAMVLVATLRYKKLROPLNY LVNVSFGGFLLCIFSV FPVFVASCNGYFVFGRHVCALEGFLGTVAGLVTGWS 

11. (32) YLOTAFMGIVFAVGTPLNAVVLWVTVRYKRLROPLNY LVNISASGFVSCVLSV FVVFVASARGYFVFGKRVCELEAFVGTHGGLVTGWS 

12. (53) HLTSVWMIFVVIASVFTNGLVLAATMKFKKLRHPLNW LVNLAVADLAETVIAS TISVVNOVYGYFVLGHPMCVLEGYTVSLCGITGLWS 

13. (53) HLTSVWMIFVVTASVFTNGLVLAATMKFKKLRHPLNW LVNLAVADLAETVIAS TISIVNOVSGYFVLGHPMCVLEGYTVSLCGITGLWS 

14. (50) NLTSLWMIFVVAASVFTNGLVLVATWKFKKLRHPLNW LVNLAVADLGETVIAS TISVINOISGYFILGHPMCVVEGYTVSACGITALWS 

15. (50) NLATVWMFFVVVASTFTNGLVLVATAKFKKLRHPLNW LVNLAVADLAETLLAS TISVTNOFFGYFILGHPMCIFEGFTVSVCGIAGLWS 

16. (50) NLATCWMFFVVVASTVTNGLVLVASAKFKKLRHPLNW LVNLAIADLLETLLAS TISVCNOFFGYFILGHPMCVFEGFTVATCGIAGLWS 

17. (48) NVSSLWMIFVVIASVFTNGLVIVATAKFKKLRHPLNW LVNLAIADLGETVLAS TISVINOIFGYFILGHPMCVFEGWTVSVCGITALWS 

18. (50) NLASLWMI IVVIASIFTNSLVIVATAKFKKLRHPLNW LVNLAIADLGETVLAS TISVFNOVFGYFVLGHPMCIFEGWTVSVCGITALWS 

19. (52) NLVSFFMI IVVIASCFTNGLVLVATAKFKKLRHPLNW LVNLAFVDLVETLVAS TISVFNOIFGYFILGHPLCVIEGYVVSSCGITGLWS 

20. (35) YSVGIFIGVVGI IGILGNGVVIYLFSKTKSLOTPANMFI INLAMSDLSFSAINGFPLKTISAFMKKWIFGKVACOLYGLLGGIFGFMSINT 

21. (34) YSLGIFIAICGI IGCVGNGVVIYLFTKTKSLOTPANMFI INLAFSDFTFSLVNGFPLMTISCFMKYWVFGNAACKVYGLIGGIFGLMSIMT 

22. (50) KILTAYMIMIGMISWCGNGVVIYIFATTKSLRTPANLLVINLAISDFGIMITNT PMMGINLYFETWVLGPMMCDIYAGLGSAFGCSSIWS 

23. (57) KILGLFTLAIMI ISCCGNGVVVYIFGGTKSLRTPANLLVLNLAFSDFCMMASOS PVMI INFYYETWVLGPLWCDIYAGCGSLFGCVSIWS 

24. (53) PLLLIFMLFTGILCLAGNFVTIWVFMNTKSLRTPANLLVVNLAMSDFLMMFTMF PPMMVTCYYHTWTLGPTFCOVYAFLGNLCGCASIWT 

25. (47) SILGVAMI ILGI ICVLGNGMVIYLMMTTKSLRTPTNLLVVNLAFSDFCMMAFMM PTMTSNCFAETWILGPFMCEVYGMAGSLFGCASIWS 

26. (58) YLLGTLYIFFTLMSMLGNGLVIWVFSAAKSLRTPSNILVINLAFCDFMMMVKT PIFIYNSFHOGYALGHLGCOIFGI IGSYTGIAAGAT 

27. (54) YMLGVFYIFLFCASTVGNGMVIWIFSTSKSLRTPSNMFVLNLAVFDLIMCLKA PIFIYNSFHRGFALGNTWCOIFASIGSYSGIGAGMT 

28. (25) AFIGITTGLLSLATVTGNLLVLISFKVNTELKTVNNYFLLSLACADLI IGTFSM NLYTTYLLMGHWALGTLACDLWLALDYVASNASVMN 
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Appendix A1 



opsin (2) 

1. LVVLAIERYVVVCKPMS NFRFGENHAIMGVAFTWVMALACAAPPLA GWSRYIPEGL (15) NNESFVIYMFVVHFTIPMI I IFFCYGOLVFTV 

2. LVVLAVERYVVVCKPMS NFRFGENHAIMGVAFSWIMAMACAAPPLF GWSRYIPEGM (15) NNESFVIYMFVVHFMIPLAVIFFCYGNLVCTV 

3. LVVLAIERYIVICKPMG NFRFGNTHAIMGVAFTWIMALACAAPPLV GWSRYIPEGM (15) NNESYVVYMFVVHFLVPFVI IFFCYGRLLCTV 

4. LVVLAIERYIVVCKPMG NFRFSATHAMMGIAFTWVMAFSCAAPPLF GWSRYMPEGM (15) HNESYVLYMFVIHFI IPVVVIFFSYGRLICKV 

5. LVVLAIERYIVICKPMG NFRFSATHAIMGIAFTWFMALACAGPPLF GWSRFIPEGM (15) HNESYVIYMFIVHFTVPMVVIFFSYGRLVCKV 

6. LVVLAIERYIVVCKPMG SFKFSSSHAFAGIAFTWVMALACAAPPLF GWSRYIPEGM (15) NNESYVIYMFVCHFILPVAVIFFTYGRLVCTV 

7. LVVLAIERYIVVCKPMG SFKFSSTHASAGIAFTWVMAMACAAPPLV GWSRYIPEGI (15) NNESYVLYMFICHFILPVTI IFFTYGRLVCTV 

8. LAVVAFERFLVICKPLG NFTFRGSHAVLGCVATWVLGFVASAPPLF GWSRYIPEGL (15) HNESYVLFLFTFCFGVPLAI IVFSYGRLLITL 

9. LAVVAFERWLVICKPLG NFTFKTPHAIAGCILPWISALAASLPPLF GWSRYIPEGL (15) NNESYVMFLFCFCFAVPFGTIVFCYGOLLITL 

10. LAFLAFERYIVICKPFG NFRFSSKHALTVVLATWTIGIGVSIPPFF GWSRFIPEGL (15) RSESYTWFLFIFCFIVPLSLICFSYTOLLRAL 

11. LAFLAFERYIVICKPFG NFRFSSRHALLVVVATWLIGVGVGLPPFF GWSRYMPEGL (15) RSEYYTWFLFIFCFIVPLSLI IFSYSOLLSAL 

12. LAI ISWERWMVVCKPFG NVRFDAKLAIVGIAFSWIWAAVWTAPPIF GWSRYWPHGL (15) GVQSYMIVLMVTCCITPLSI IVLCYLOVWLAI 

13. LAI ISWERWLVVCKPFG NVRFDAKLAIVGIAFSWIWSAVWTAPPIF GWSRYWPHGL (15) GVOSYMIVLMVTCCI IPLAI IMLCYLOVWLAI 

14. LAI ISWERWFVVCKPFG NIKFDGKLAVAGILFSWLWSCAWTAPPIF GWSRYWPHGL (15) GVOSYMVVLMVTCCFFPLAI I ILCYLOVSLAI 

15. LTVISWERWVVVCKPFG NVKFDAKWASAGI IFSWVWSAIWCAPPIF GWSRFWPHGL (15) GVQSYMIVLMITCCI IPLAI I ILCYIAVWLAI 

16. LTVISWERWVVVCKPFG NVKFDGKMATAGIVFTWVWSAVWCAPPIF GWSRYWPHGL (15) GVOSYMIVLMITCCFIPLGI I ILCYIAVWNAI 

17. LTI ISWERWVVVCKPFG NVKFDGKWAAGGI IFSWVWAI IWCTPPIF GWSRYWPHGL (15) GVASYMITLMLTCCILPLSI I I ICYIFVWSAI 

18. LTI ISWERWVVVCKPFG NVKFDGKWAAGGI IFAWTWAI IWCTPPIF GWSRYWPHGL (15) GVASYMVTLLLTCCILPLSVI I ICYIFVWNAI 

19. LAI ISWERWFVVCKPFG NIKFDSKLAI IGIVFSWVWAWGWSAPPIF GWSRYWPHGL (15) GCQSFMLTLMITCCFLPLFI I IVCYLOVWMAI 

20. MAMISIDRYNVIGRPMAASKKMSHRRAFLMI IFVWMWSIVWSVGPVF NWGAYVPEGI (13) STRSFILCMYFCGFMLPI I I IAFCYFNIVMSV 

21. MTMISIDRYNVIGRPMSASKKMSHRKAFIMI IFVWIWSTIWAIGPIF GWGAYTLEGV (13) TTRSNILCMYIFAFMCPIVVIFFCYFNIVMSV 

22. MCMISLDRYOVIVKGMA GRPMTIPLALGKIAYIWFMSSIWCLAPAF GWSRYVPEGN (13) NPRSYLIFYSIFVYYIPLFLICYSYWFI IAAV 

23. MCMIAFDRYNVIVKGIN GTPMTIKTSIMKILFIWMMAVFWTVMPLI GWSAYVPEGN (13) NPRSYLITYSLFVYYTPLFLICYSYWFI IAAV 

24. MVFITFDRYNVIVKGVA GEPLSTKKASLWILTIWVLSITWCIAPFF GWNRYVPEGN (13) LSRSYLYDYSTWVYYLPLLPI YCYVSI IKAV 

25. MVMITLDRYNVIVRGMA AAPLTHKKATLLLLFVWIWSGGWTILPFF GWSRYVPEGN (13) SSASYVVIYGLAVYFLPLITMIYCYFFIVHAV 

26. NAF I A YDRFNV I TRPME GKMTHGKA I AM I IF I YMY ATPWVV ACYTETWGRFVPEGY ( 1 3) DTRLFV AC I FFFSFVCPTIM I TYYYSO I VGHV 

27. NAAIGYDRYNVITKPMN RNMTFTKAVIMNII IWLYCTPWVVLPLTOFWDRFVPEGY (13) DTRLFVGTIFFFSFVCPTLMILYYYSOIVGHV 

28. LLLISFDRYFSVTRPLSYRAKRTPRRAALMIGLAWLVSFVLWAPAIL FWOYLVGERT (11) SOPI ITFGTAMAAFYLPVTVMCTLYWRIYRET 
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opsin (3) 

1. ( 15) AEKEVTRMVI IMVIAFLICWVPYASVAFYIFTHOGSNFGPIFMTIPAFFAKSAAIYNPVIYIMMNKOFRNCMLTTI ( 27) 
2. ( 15) AEKEVTRMVI IMVIAFLICWVPYASVAFYIFTNQGSDFGPIFMTIPAFFAKSSAIYNPVIYIVMNKOFRNCMITTL ( 30) 
3. ( 15) AEKEVTRMVVLMVIGFLVCWVPYASVAFYIFTHOGSDFGATFMTLPAFFAKSSALYNPVIYILMNKOFRNCMITTL ( 32) 
4. ( 15) AEKEVTRMVILMVLGFMLAWTPYAVVAFWIFTNKGADFTATLMAVPAFFSKSSSLYNPI IYVLMNKQFRNCMITTI ( 34) 
5. ( 15) AEKEVTRMVILMVLGFLLAWTPYAATAIWIFTNRGAAFSVTFMTIPAFFSKSSSIYNPI IYVLLNKOFRNCMVTTI ( 34) 
6. ( 15) AEREVTKMVILMVFGFLIAWTPYATVAAWIFFNKGADFSAKFMAIPAFFSKSSALYNPVIYVLLNKOFRNCMLTTI ( 28) 
7. ( 15) AEREVTKMVILMVLGFLVAWTPYATVAAWIFFNKGAAFSAOFMAIPAFFSKTSALYNPVIYVLLNKOFRSCMLTTL ( 28) 
8. ( 15) ADREVTKMVVVMVLGFLVCWAPYTAFALWVVTHRGRSFEVGLASIPSVFSKSSTVYNPVIYVLMNKOFRSCMLKLL ( 33) 
9. ( 15) AEREVTKMVVVMVLGFLVCWAPYASFSLWIVSHRGEEFDLRMATIPSCLSKASTVYNPVIYVLMNKQFRSCMMKMV ( 26) 

10. ( 15) AEREVSRMVVVMVGSFCVCYVPYAAFAMYMVNNRNHGLDLRLVTIPSFFSKSACIYNPI IYCFMNKOFOACIMKMV ( 30) 
11. ( 15) AEREVSRMVVVMVGSFCLCYVPYAALAMYMVNNRDHGLDLRLVTIPAFFSKSACVYNPI IYCFMNKOFRACIMETV ( 31) 
12. ( 15) AEKEVTRMVVVMVLAFCFCWGPYAFFACFAAANPGYPFHPLMAALPAFFAKSATIYNPVIYVFMNROFRNCILOLF ( 27) 
13. ( 15) AEKEVTRMVVVMIFAYCVCWGPYTFFACFAAANPGYAFHPLMAALPAYFAKSATIYNPVIYVFMNROFRNCILOLF ( 27) 
14. ( 15) AEKEVSRMVVVMIVAYCFCWGPYTFFACFAAANPGYAFHPLAAALPAYFAKSATIYNPI IYVFMNROFRNCILOLF ( 28) 
15. ( 15) AEKEVSRMVVVMIFAYCFCWGPYTFCACFAAANPGYAFHPLAAAMPAYFAKSATIYNPI IYVFMNROFRVCIMOLF ( 23) 
16. ( 15) AEKEVSRMVVVMIMAYCFCWGPYTFFACFAAANPGYAFHPLAAAMPAYFAKSATIYNPVIYVFMNROFRVCIMOLF ( 7) 
17. ( 15) AEKEVSRMVVVMILAFIVCWGPYASFATFSAVNPGYAWHPLAAAMPAYFAKSATIYNPI IYVFMNROFRSCIMOLF ( 21) 
18. ( 15) AEKEVSRMVVVMILAFILCWGPYASFATFSALNPGYAWHPLAAALPAYFAKSATIYNPI IYVFMNROFRSCIMOLF ( 21) 
19. ( 15) AEREVSRMVVVMIVAFCICWGPYASFVSFAAANPGYAFHPLAAALPAYFAKSATIYNPVIYVFMNROFRNCIMOLF ( 29) 
20. ( 27) AEMKLAKISMVI ITOFMLSWSPYAI IALLAOFGPAEWVTPYAAELPVLFAKASAIHNPIVYSVSHPKFREAIOTTF (124) 
21. ( 27) AEMKLAKISIVIVTOFLLSWSPYAVVALLAOFGPIEWVTPYAAOLPVMFAKASAIHNPMIYSVSHPKFRERIASNF (122) 
22. ( 28) AEGKLAKVALVTITLWFMAWTPYLVINCMGLFKFEGL TPLNTIWGACFAKSAACYNPIVYGISHPKYRLALKEKC ( 29) 
23. ( 28) AEGKLAKVALTTISLWFMAWTPYLVICYFGLFKIDGL TPLTTIWGATFAKTSAVYNPIVYGISHPKYRIVLKEKC ( 30) 
24. ( 28) AECRLAKIAMTTVALWFIAWTPYLLINWVGMFARSYL SPVYTIWGYVFAKANAVYNPIVYAISHPKYRAAMEKKL ( 30) 
25. ( 29) AECRLAKVAMMTVGLWFMAWTPYLI ISWAGVFSSGTRLTPLATIWGSVFAKANSCYNPIVYGISHPRYKAALYORF ( 33) 
26. ( 29) AEIRIAKAAITICFLFFCSWTPYGVMSLIGAFGDKTLLTPGATMIPACACKMVACIDPFVYAISHPRYRMELOKRC ( 30) 
27. ( 29) AEIRIAKAAITICFLFFVSWTPYGVMSLIGAFGDKSLLTOGATMIPACTCKLVACIDPFVYAISHPRYRLELOKRC ( 29) 
28. (143) KEKKAARTLSAILLAFILTWTPYNIMVLVSTFCKDCV PETLWELGYWLCYVNSTINPMCYALCNKAFRDTFRLLL ( 27) 

consensus PY P Y 
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nAChR (1) 

1. (28) AKLF KDYSSVVRPVEDHROVVEVTVGLOLIOLINVDEVNOIVTTNVRLKOOWVDYNLKWNPDDYGGVKKIHIPSEKIWRPDLVLYNNADGDFAIVKFTKVLLOYTGHITWTPPAIFKSYCEI IVTHFP 
2. (27) DDLF REYSKVVRPVENHRDAVVVTVGLOLIOLINVDEVNOIVTTNVRLKOOWTDINLKWNPDDYGGVKOIRIPSDDIWRPDLVLYNNADGDFAIVKYTKVLLEHTGKITWTPPAIFKSYCEI IVTYFP 

3. (28) GOLF ANYNKVVRPVETYKDOVVVTVGLOLIOLINVDEVNOIVSTNIRLKOOWRDVNLKWDPAKYGGVKKIRIPSSDVWSPDLVLYNNADGDFAISKDTKILLEYTGKITWTPPAIFKSYCEI IVTYFP 
4. (28) NDLF KSYNKVVRPVKAFKDKVVVTVGLOLIOLINVNEVNOIVTTNVRLKOOWEDVHLKWDPEDYGGIKKVRIPSSDIWRPDIVLYNNADGDFAIVOETKVLLDYTGKI IWLPPAIFKSYCEMIVTYFP 

5. (32) ANLL ENYNKVIRPVEHHTHFVDITVGLOLIOLISVDEVNOIVETNVRLROOWIDVRLRWNPADYGGIKKIRLPSDDVWLPDLVLYNNADGDFAIVHMTKLLLOYTGKIMWTPPAIFKSYCEI IVTHFP 
6. (51) KDLF ODYERWVRPVEHLNDKIKIKFGLAISOLVDVDEKNOLMTTNVWLKOEWIDVKLRWNPDDYGGIKVIRVPSDSSWTPDIVLFDNADGRFEGTS TKTVIRYNGTVTWTPPANYKSSCTIDVTFFP 

7. (37) KHLF EDYORWVRPVEHLNDTIKIKFGLAISOLVDVDEKNOLMTTNVWLKOEWIHVKLRWNPEDYAGITSIRVPSDSIWIPDIVLYDNADGRFEGTS TKTVVKYDGTIAWTPPVNYKSSCTIDVTFFP 
8. (39) RHLF OGYOKWVRPVLNSSDI IKVYFGLKISOLVDVDEKNOLMTTNVWLKOEWTDOKLRWNPEEYGGINSIKVPSESLWLPDIVLFENADGRFEGSLMTKAIVKSSGTVSWTPPASYKSSCTMDVTFFP 

9. (35) RELF OGYORWVRPVOHANHSVKVRFGLKISOLVDVDEKNOLMTTNVWLWOEWLDYKLRWNPENYGGITSIRVPSESIWLPDIVLYENADGRFEGSLMTKAIVRYNGMITWTPPASYKSACTMDVTFFP 

10. (36) RNLF RGYOKWVRPILHANDTITVRFGLKISOLVDVDEKNHLMTTNVWLWOEWTDYKLRWNPEDYGGITSIRVPSETIWLPDIVLYENADGRFEGSLMTKAIVRFNGTIMWTPPASYKSSCTMDVTFFP 
11. (37) ERLF EDYNEI IRPVANVSDPVI IHFEVSMSOLVKVDEVNOIMETNLWLKOIWNDYKLKWNPSDYGGAEFMAVPAOKIWKPDIVLYNNAVGDFOVDDKTKALLKYTGEVTWIPPAIFKSSCKIDVTYFP 

12. (30) AALF KNYNOFVRPVKNASDPVI IOFEVSMSOLVKVDEVNOIMETNLWLKHIWNDYKLRWNPVDYGGAEFIRVPSGOIWKPDIVLYNNAVGDFOVDDKTKALLKYTGDVTWIPPAIFKSSCKIDVTYFP 

13. (31) RRLF RRYNOFIRPVENVSOPVTVEFEVSISOLVKVDEVNOIMETNLWLRHIWNOYKLKWLPAEFDGIEFIRVPSNKIWRPDIVLYNNAVGDFLVEDKTKALLKYDGTITWVPPAIFKSSCPMDITYFP 
14. (38) HTLF AHYNRFIRPVENVSDPVTVHFELAITOLANVDEVNOIMETNLWLRHVWKDYRLCWDPTEYDGIETLRVPADNIWKPDIVLYNNAVGDFOVEGKTKALLKYDGVITWTPPAIFKSSCPUDITFFP 

15. (40) KHLF GGYNRWARPVPNTSDVVIVRFGLSIAOLIDVDEKNOMMTTNVWLKOEWNDYKLRWDPAEFGNVTSLRVPSEMIWIPDIVLYNNADGEFAVTHMTKAHLFFTGTVHWVPPAIYKSSCSIDVTFFP 

16. (38) KHLF TGYNRWSRPVPNTSDVVIVKFGLSIAOLIDVDEKNOMMTTNVWLKOEWSDYKLRWNPEDFDNVTSIRVPSEMIWIPDIVLYNNADGEFAVTHMTKAHLFSNGKVKWVPPAIYKSSCSIDVTYFP 

17. (39) KRLF SGYNKWSRPVGNISDVVLVRFGLSIAOLIDVDEKNOMMTTNVWVKOEWHDYKLRWDPGDYENVTSIRIPSELIWRPDIVLYNNADGDFAVTHLTKAHLFYDGRVOWTPPAIYKSSCSIDVTFFP 

18. (36) KKLF SGYNKWSRPVANISDVVLVRFGLSIAOLIDVDEKNOMMTTNVWVKOEWHDYKLRWDPOEYENVTSIRIPSELIWRPDIVLYNNADGDFAVTHLTKAHLFYDGRIKWMPPAIYKSSCSIDVTFFP 
19. (33) EHLLDPSRYNKLIRPATNGSELVTVOLMVSLAOLISVHEREOIMTTNVWLTOEWEDYRLTWKPEEFDNMKKVRLPSKHIWLPDVVLYNNADGMYEVSFYSNAVVSYDGSIFWLPPAIYKSACKIEVKHFP 

20. (26) EYLLDPTRYNKLIRPATNGSOLVTVOLMVSLAOLISVHEREOIMTTNVWLTOEWEDYRLTWKPEDFDNMKKVRLPSKHIWLPDVVLYNNADGUYEVSFYSNAVISYDGSIFWLPPAIYKSACKIEVKHFP 
21. (30) DDLLNKTRYNNLIRPATSSSOLISIRLELSLSOLISVNEREOIMTTSIWLKOEWTDYRLAWNSSCYEGVNILRIPAKRVWLPDIVLYNNADGTYEVSVYTNVIVRSNGSIOWLPPAIYKSACKIEVKHFP 

22. (11) NHLLSPDRYNKLIRPAVNSSOLVSIELOVSLAOLISVNEREOIMTTNVWLNOEWIDYRLAWKPSDYEGINMLRIPAKHIWLPDIVLYNNADGTYEVSLYTNAIVONNGSIRWLPPAIYKSACKIEVKHFP 

23. ( 3) DFLLGPERYNKLIRPAVNKSOOVTIGIKVSLAOLISVNEREOIMTTNVWLTOEWTDYRLVWDPNEYEGIKKLRIPSOHIWLPDIVLYNNADGVYEVSFYCNAVVSNTGDIFWLPPAIYKSACAIEVRNFP 
24. (31) EKLF SGYDSSVRPAREVGDRVRVSVGLILAOLISLNEKDEEMSTKVYLDLEWTDYRLSWDPAEHEGIDSLRITAESVWLPDVVLLNNNDGNFDVALDISVVVSSDGSVRWOPPGIYRSSCSIOVTYFP 
25. (32) SVLF ETYNPKVRPAOTVGDKVTVRVGLTLTNLLILNEKIEEMTTNVFLNLAWTDYRLOWDPAAYEGIKDLRIPSSDVWOPDIVLMNNNDGSFEITLHVNVLVOHTGAVSWOPSAIYRSSCTIKVUYFP 
26. (32) OHLFNEKGYDKDLRPVARKEDKVDVALSLTLSNLISLKEVEETLTTNVWIDHAWVDSRLOWDANDFGNITVLRLPPDMVWLPEIVLENNNDGSFOISYACNVLVYDSGYVTWLPPAIFRSSCPISVTYFP 
27. (26) HHLFEERGYNKEVRPVASADEVVDVYLALTLSNLISLKEVDETLTTNVWVEOSWTDYRLOWNTSEFGGVDVLRLLPEMLWLPEIVLENNNDGLFEVAYYCNVLVYNTGYVYWLPPAIFRSACPINVNFFP 
28. (29) NDLLIVNKYNKHVRPVKHNNEVVNIALSLTLSNLISLKETDETLTSNVWMDHAWYDHRLTWNASEYSDISILRLPPELVWIPDIVLONNNDGOYHVAYFCNVLVRPNGYVTWLPPAIFRSSCPINVLYFP 

29. (30) ADLM ONYDPNLRPAERDSDVVNVSLKLTLTNLISLNEREEALTTNVWIEMOWCDYRLRWDPRDYEGLWVLRVPSTMVWRPDIVLENNVDGVFEVALYCNVLVSPDGCIYWLPPAIFRSACSISVTYFP 
30. (30) ODLM TNYNRHLRPALRGDOVIDVTLKLTLTNLISLNEREETLTTNVWIEMOWSDYRLRWDPDKYDDIOOLRVPSAMVWLPDIVLENNIDGTFEITLYTNVLVYPDGSIYWLPPAIYRSSCSIHVTYFP 

31. (25) EKLL GDYDKRI IPAKTLDHI IDVTLKLTLTNLISLNEKEEALTTNVWIEIOWNDYRLSWNTSEYEGIDLVRIPSELLWLPDVVLENNVDGOFEVAYYANVLVYNDGSMYWLPPAIYRSTCPIAVTYFP 
32. (28) HHLF DNYDPECRPVRRPEDTVTITLKVTLTNLISLNEKEETLTTSVWIGIDWHDYRLNYSKDDFAGVGILRVPSEHVWLPEIVLENNIDGOFGVAYDSNVLVYEGGYVSWLPPAIYRSTCAVEVTYFP 
33. (49) DOLL SNYNRLIRPVSNNTDTVLVKLGLRLSOLIDLNLKDOILTTNVWLEHEWODHKFKWDPSEYGGVTELYVPSEHIWLPDIVLYNNADGEYVVTTMTKAILHYTGKVVWTPPAIFKSSCEIDVRYFP 

34. (29) DOLL SNYNRLIRPVGNNSDRLTVKMGLRLSOLIDVNLKNOIMTTNVWVEOEWNDYKLKWNPDDYGGVDTLHVPSEHIWHPDIVLYNNADGNYEVTIMTKAILHHTGKVVWKPPAIYKSFCEIDVEYFP 
35. (15) DOLL SNYNRLIRPVVNNTETLTVWLGLKLSOLIEVNLKNOVMTTNLWVKORWFDYKLRWDPEEYGGVEOLYVPSEHIWVPDIVLYNNWDGNYEVTLMTKATLKYTGEVFWEPPAIYKSSCEUNVEYFP 

36. (32) ROLF RGYNKLIRPVONMTOKVGVRFGLAFVOLINVNEKNOVMKSNVWLRLVWYDYOLOWDEADYGGIGVLRLPPDKVWKPDIVLFNNADGNYEVRYKSNVLIYPTGEVLWVPPAIYOSSCTIDVTYFP 
37. (30) KELV KNYNPLERPVANDSOPLTVYFSLSLLOIMDVDEKNOVLTTNIWLOMSWTDHYLOWNMSEYPGVKNVRFPDGOIWKPDILLYNSADERFDATFHTNVLVNASGHCOYLPPGIFKSSCYIDVRWFP 

38. (30) KELL KNYNPLERPVANDSOPLTVYFTLSLMOIMDVDEKNOVLTTNIWLOUYWTDHYLOWNVSEYPGVKNVRFPDGLIWKPDILLYNSADERFDATFHTNVLVNSSGHCOYLPPGIFKSSCYIDVRWFP 
39. (38) ROLL RNYNRLERPVMNDSOPIVVELOLSLLOI IDVDEKNOVLITNAWLOUYWVDIYLSWDOYEYPGVONLRFPSDOIWVPDILLYNSADERFDATFHTNVLVNYSGSCOYIPPGILKSTCYIDVRWFP 
40. (42) DHLL ANYKKGVRPVRDWRKPTTVSIDVIMYAILNVDEKNOVLTTYIWYROYWTDEFLOWTPEDFDNVTKLSIPTDSIWVPDILINEFVDVGKSPNIPYVYVHH RGEVONYKPLOLVTACSLDIYNFP 
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Appendix A2 

nAChR (2) 

1 . FDEONCSMKLGTWTYDGSVV A I NPESDO ( 2) LSNFMESGEWV I KESRGWKHSVTYSC ( 4) PYLD I TYHFVMORLPL YF I VNV I I PCLLFSFL TGL VFYLPTDS GEKMTLS I SVLLSL TVFLL VI VEL I P 
2. FDOONCSMKLGTWTYDGTMVVINPESDR ( 2) LSNFMESGEWVMKDYRGWKHWVYYAC (4) PYLDITYHFLMORLPLYFIVNVI IPCLLFSFLTGFVFYLPTDS GEK�TLSISVLLSLTVFLLVIVELIP 

3. FDOONCSMKFGTWTYDGSLLVINPERDR ( 2) LSNFMASGEWMMKDYRCWKHWVYYTC (4) PYLDITYHFVLORLPLYFIVNVI IPCLLFSFLTGLVFYLPTDS GEKMTLSISVLLSLTVFLLVIVELIP 

4. FDLONCSMKLGTWTYDGTL VV I NPENDR ( 2) LSNFMESGEWYMKDYRCWKHWVYYDC ( 4) PYLD I TYHFLLORLPL YF I VNVV I PCLLFSFL TGLVFYLPTDS GEK I TLSVSVLLSL VVFLL VI VEL I P 

5. FDOONCTMKLGIWTYDGTKVSISPESDR ( 2) LSTFMESGEWVMKDYRGWKHWVYYTC (4) PYLDITYHFIMORIPLYFVVNVI IPCLLFSFLTGLVFYLPTDS GEKMTLSISVLLSLTVFLLVIVELIP 
6. FDLONCSMKFGSWTYDGSOVDI ILEDOD ( 2) KRDFFDNGEWEIVSATGSKGNRTDSC (1) WYPYVTYSFVIKRLPLFYTLFLI IPCIGLSFLTVLVFYLPSNE GEKICLCTSVLVSLTVFLLVIEEI IP 

7. FDLONCSMKFGSWTYDGSOVDI ILEDYE ( 2) KRDFFDNGEWEIVTATGSKGNRTDGC (1) WYPFVTYSFI IRRLPLFYTLFLI IPCIGLSFLTVLVFYLPSNE AEKISLCTSVLVSLTVFLLVIEEI IP 

8. FDRONCSMKFGSWTYDGTMVDLILINEN ( 2) RKDFFDNGEWEILNAKGMKGNRREGF (1) SYPFVTYSFVLRRLPLFYTLFLI IPCLGLSFLTVLVFYLPSDE GEKLSLSTSVLVSLTVFLLVIEEI IP 

9. FDRONCSMKFGSWTYDGNMVKLVLINOO ( 2) RSDFFDNGEWEILSATGVKGSRODSH (1) SYPYITYSFILKRLPLFYTLFLI IPCLGLSFLTVLVFYLPSDE GEKVSLSTSVLVSLTVFLLVIEEI IP 

10. FDRONCSMKFGSWTYDGTMVDLTLLDAY ( 2) RKDFFDNGEWEILNATGORGSRRDGI (1) SYPYVTYSFILKRLPLFYTLFLI IPCLGLSFLTVLVFYLPSDE GEKLLLSTSVLVSLTVFLLVIEEI IP 
11. FDYONCTMKFGSWSYDKAKIDLVLIGSS ( 2) LKDYWESGEWAI IKAPGYKHDIKYNC (3) IYPDITYSLYIRRLPLFYTINLI IPCLLISFLTVLVFYLPSDC GEKVTLCISVLLSLTVFLLVITETIP 

12. FDYONCTMKFGSWSYDKAKIDLVLIGST ( 2) LKDYWESGEWAI IKAPGYKHDIKYNC (3) IYTDITYSLYIRRLPLFYTINMI IPCLLISFLTVLVFYLPSDC GEKVTLCISVLLSLTVFLLVITETIP 

13. FDYONCSMKFGSWTYDKAKIDLVLIGSK ( 2) LKDFWESGEWEI IDAPGYKHDIKYNC (3) IYPDITYSFYIRRLPLFYTINLI IPCLLISFLTILVFYLPSDC GEKVTLCISVLLSLTVFLLVITETIP 
14. FDHONCSLKFGSWTYDKAEIDLLIIGSK ( 2) MNDFWENSEWEIVDASGYKHDIKYNC (3) IYTDITYSFYIRRLPMFYTINLIIPCLFISFLTVLVFYLPSDC GEKVTLCISVLLSLTVFLLVITETIP 

15. FDOONCKMKFGSWTYDKAKIDLEOMERT ( 2) LKDYWESGEWAIINATGTYNSKKYDC (3) IYPDVTYYFVIRRLPLFYTINLIIPCLLISCLTVLVFYLPSEC GEKITLCISVLLSLTVFLLLITEIIP 
16. FDOONCKMKFGSWTYDKAKIDLENMEHH ( 2) LKDYWESGEWAI INAIGRYNSKKYDC (3) IYPDITFYFVIRRLPLFYTINLI IPCLLISCLTVLVFYLPSDC GEKITLCISVLLSLTVFLLLITEI IP 
17. FDOONCTMKFGSWTYDKAKIDLVSIHSR ( 2) OLDFWESGEWVIVDAVGTYNTRKYEC (3) IYPDITYAFI IRRLPLFYTINLI IPCLLISCLTVLVFYLPSEC GEKVTLCISVLLSLTVFLLLITEI IP 

18. FDOONCKMKFGSWTYDKAKIDLVSMHSH ( 2) OLDYWESGEWVI INAVGNYNSKKYEC (3) IYPDITYSFI IRRLPLFYTINLI IPCLLISCLTVLVFYLPSEC GEKITLCISVLLSLTVFLLLITEI IP 

19. FDOONCTMKFRSWTYDRTEIDLVLKSEV ( 2) LDDFTPSGEWDIVALPGRRNENPDDS (0) TYVDITYDFI IRRKPLFYTINLI IPCVLITSLAILVFYLPSDC GEKMTLCISVLLALTVFLLLISKIVP 
20. FDOONCTMKFRSWTYDRTEIDLVLKSEV ( 2) LDDFTPSGEWDIVALPGRRNENPDDS (0) TYVDITYDFI IRRKPLFYTINLI IPCILITSLAILVFYLPSDC GEKMTLCISVLLALTVFLLLISKIVP 

21. FD ONCTLKFRSWTYDHTEIDMVLKSPT ( 2) MDDFTPSGEWDIVALPGRRTVNPODP (0) SYVDVTYDFI IKRNALFYTINLI IPCVLITSLAILVFYLPSDC GEKMTLCISVLLALTFFLLLISKIVP 

22. FDOONCTLKFRSWTYDHTEIDMVLKTSM ( 2) MDDFTPSGEWDIVALPGRRTENPLDP (0) NYVDVTYDFI IKRKPLFYTINLI IPCVLITSLAILVFYLPSDC GEKMTLCISVLLALTVFLLLISKIVP 

23. FDOONCTLKFRSWTYDRTELDLVLTSDF ( 2) RDDYTPSGEWDIVSLPGRKNEDPNDL (0) TYLDITYDFVIKRKPLFYTINLI IPCVLITSLAILVFYLPSDC GEKVTLCMSVLLALTVFLLLISKIVP 

24. FDWONCTMVFSSYSYDSSEVTLOTGLGP (11) EGTFJENGOWENIHKPSRLIOPPGDP (6) OROEVIFYLI IRRKPLFYLVNVIAPCILITLLAIFVFYLPPDA GEKMGLSIFALLTLTVFLLLLADKVP 
25. FDWONCTMVFKSYTYDTSEVTLOHALDA (12) KDAFTENGOWSIEHKPSRKNWRSDDP (0) SYEDVTFYLI IORKPLFYIVYTI IPCILISILAILVFYLPPDA GEKMSLSISALLAVTVFLLLLADKVP 

26. FDWONCSLKFSSLKYTAKEITLSLKOEE (14) PEGFTENGEWEIVHRAAKLNVDPSVP (4) NHODVTFYLI IRRKPLFYI INILVPCVLISFMINLVFYLPGDC GEKTSVAISVLLAOSVFLLLISKRLP 

27. FDWONCTLKFSSLA YNAOE I NMHLKEES ( 16) PEGFTENGEWE I I HRPARKN I HPSYP ( 4) EHOD I TFYL I I KRKPLFYV I N I VTPCVLI AFMA I LVFYLPADS GEKMTL V I SVLLAOSVFLLL VSORLP 
28. FDWONCSLKFTALNYDANEITMDLMTDT (14) PEAFTENGEWEI IHKPAKKNIYPDKF (4) NYODVTFYLI IRRKPLFYVINFITPCVLISFLASLAFYLPAES GEKMSTAISVLLAOAVFLLLTSORLP 

29. FDWONCSLIFOSOTYSTNEIDLOLSOED (10) PEAFTENGEWAIOHRPAKMLLDPAAP (4) GHOKVVFYLLIORKPLFYVINI IAPCVLISSVAILIHFLPAKAGGOKCTVAINVLLAOTVFLFLLAKKVP 
30. FDWONCTMVFOSOTYSANEINLLLTVEE (10) PEAFTENGEWAIKHRPARKI INSGRF (5) OYOOVIFYLI IORKPLFYI INI IVPCVLISSMAVLVYFLPAKAGGOKCTVSINVLLAOTVFLFLIAOKVP 
31. FDWONCSLVFRSOTYNAHEVNLOLSAEE (10) PEDFTENGEWTIRHRPAKKNYNWOLT (4) DFOEI IFFLI IORKPLFYI INI IAPCVLISSLVVLVYFLPAOAGGOKCTLSISVLLAOTIFLFLIAOKVP 
32. FDWONCSLIFRSOTYNAEEVEFIFAVDD (11) TAAFTENGEWAIDYCPGMIRRYEGGS (4) GETDVIYTLI IRRKPLFYVINI IVPCVLISGLVLLAYFLPAOAGGOKCTVSINVLLAOTVFLFLIAOKIP 

33. FDOOTCFMKFGSWTYDGDOIDLKHISOK (12) LREYYPSVEWDILGVPAERHEKYYPC (3) PYPDIFFNITLRRKTLFYTVNLI IPCVGISYLSVLVFYLPADS GEKIALCISILLSOTMFFLLISEI IP 

34. FDEOTCFMKFGSWTYDGYMVDLRHLKOT (11) LODYYISVEWDIMRVPAVRNEKFYSC (3) PYLDIVFNLTLRRKTLFYTVNLI IPCVGISFLSVLVFYLPSDS GEKISLCISILLSLTVFFLLLAEI IP 
35. YDEOICFMKFGSWTYNGAOVDLKHLDOI (11) LTEFYLSVEWDILEVPATKNEEYYPD (3) PFSDITFKLTMRRKTLFYTVNLIVPCVALTFLTVLVFYLPSDS GEKVTLCISILVSLTVFFLLLAEI IP 
36. FDOOTCIMKFGSWTFNGDOVSLALYNNK ( 4) LSDYWKSGTWDI IEVPAYLNVYEGDS (3) TETDITFYI I IRRKTLFYTVNLILPTVLISFLCVLVFYLPAEA GEKVTLGISILLSLVVFLLLVSKILP 

37. FDVOOCKLKFGSWSYGGWSLDLOMOEAD ( 0) ISSYIPNGEWDLMGIPGKRNEKFYEC (3) PYPRCTYTVTMRRTTLYYGLNLLIPCVLISALALLVFLLPADS GEKISLGITVLLSLTVFMLLVAEIUP 

38. FDVOKCNLKFGSWTYGGWSLDLOMOEAD ( 0) I SGY I SNGEWDL VG I PGKRTESFYEC ( 3) PYPD I TFTVTMRRRTL YYGLNLL I PCVL I SALALLVFLLPADS GEK I SLG I TVLLSL TVFMLLV AE I MP 

39. FDVOKCDLKFGSWTHSGWLIDLOMLEAD ( 0) ISNYISNGEWDLVGVPGKRNELYYEC (3) PYPDVTYTITMRRRTLYYGLNLLIPCVLISGLALLVFLLPADS GEKISLGITVLLSLTVFMLLVAEIUP 

40. FDVONCSLTFTSWLHTIODINITLWRSP ( 6) KSIFINOGEWELLEVFPOFKEFSIDI (2) SYAEMKFYVI IRRRPLFYAVSLLLPSIFLMVVDIVGFCLPPDS GERVSFKITLLLGYSVFLI IVSDTLP 
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nAChR (3) 

1. STSSAVPLIGKYMLFTMVFVIASI I ITVIVINTHHRSPST H VMPNWVRKVFIDTIPNIMF ( 45) EVKSAIEGIKYIAETMKSDOESNNAAAEWKYVAMVMDHILLGVFMLVCI IGTLAVFAGRL ( 7) 

2. STSSAVPLIGKYMLFTMVFVIASI I ITVIVINTHHRSPST H TMPPWVRKIFIDTIPNIMF ( 45) DVKNAIEGIKYIAETMKSDOESSNAADEWKFVAMVLDHLLLVIFMLVCI IGTLAVFAGRL ( 7) 

3. STSSAVPLIGKYMLFTMVFVIASI I ITVIVINTHHRSPST H TMPPWVRKIFIETIPNIMF ( 45) DVKSAIEGIKYIAETMKSDOESNKASEEWKFVAMVLDHILLAVFMTVCVIGTLAVFAGRI ( 7) 

4. STSSAVPLIGKYMLFTMVFVIASIVITVIVINTHHRSPST H IMPOWLKKIFIETIPRVMF ( 45) DVKSAIEGAKYVAETMKSDOESTKASEEWKFVAMVLDHLLLAVFMIVCI IGTLAIFAGRL ( 7) 

5. STSSAVPLIGKYMLFTMIFVISSI I ITVVVINTHHRSPST H TMPOWVRKIFIDTIPNVMF ( 45) DVKSAIEGVKYIAEHMKSDEESSNAAEEWKYVAMVIDHILLCVFMLICI IGTVSVFAGRL ( 7) 

6. SSSKVIPLIGEYLVFTMIFVTLSIMVTVFAINIHHRSSST HNAMAPLVRKIFLHTLPKLLS ( 26) TLEAALDSIRYITTHIMKENDVREVVEDWKFIAOVLDRMFLWTFLFVSIVGSLGLFVPVI (17) 

7. SSSKVIPLIGEYLVFTMIFVTLSIVITVFAINIHHRSSST HNAMAPWVRKIFLHKLPKLLC ( 26) TLEAALDSIRYITRHVMKENEVREVVEDWKFIAOVLDRMFLWAFLLVSI IGSLVLFIPVI (17) 

8. SSSKVIPLIGEYLLFIMIFVTLSI IVTVFVINVHHRSSSTYH PMAPWVKRLFLORLPRWLC ( 42) FLEKASESIRYISRHVKKEHFISOVVODWKFVAOVLDRIFLWLFLIASVLGSILIFIPAL ( 8) 

9. SSSKVIPLIGEYLLFIMIFVTLSI IVTIFVINVHHRSSATYH PMSPWVRSLFLORLPHLLC ( 40) LLEOATNSVRYISRHIKKEHFIREVVODWKFVAOVLDRIFLWTFLTVSVLGTILIFTPAL (12) 

10. SSSKVIPLIGEYLLFIMIFVTFSI IVTLFVINVHHRSSATYH PMAPWVKSLFLORLPRLLC ( 49) LLEKATHSVHYISRHIKKEHFIREVVODWKFVAOVLDRIFLWVFLTASVLGTILIFTPAL ( 6) 

11. STSLVIPLIGEYLLFTMIFVTLSIVITVFVLNVHYRTPTT H TMPSWVKTVFLNLLPRVMF ( 84) EIKEAIOSVKYIAENMKAONEAKEIODDWKYVAMVIDRIFLWVFTLVCILGTAGLFLOPL ( 6) 

12. STSLVIPLIGEYLLFTMIFVTLSIVITVFVLNVHYRTPKT H TMPVWVRTIFLNLLPRIMF ( 84) EMRDAIESVKYIAENMKMONEAKEIODDWKYVAMVIDRIFLWVFILVCILGTAGLFLOPL ( 6) 

13. STSLVIPLIGEYLLFTMIFVTLSIVITVFVLNVHYRTPMT H TMPSWVRTVFLRALPRVML (100) EIKOAIESVKYIAENMRSRNKAKEVEDDWKYVAMVIDRIFLWVFVLVCVLGTLGLFLOPL ( 5) 

14. STSLVIPLVGEYLLFTMIFVTLSIVVTVFVLNIHYRTPAT H TMPKWVKTMFLOVFPSILM ( 72) DVEDVIDSVOFIAENMKSHNETKEVEDDWKYMAMVVDRVFLWVFI IVCVFGTVGLFLOPL ( 7) 

15. STSLVIPLIGEYLLFTMIFVTLSIVITVFVLNVHHRSPST H NMPNWVRVALLGRVPRWLM ( 90) OIOKALEGVHYIADRLRSEDADSSVKEDWKYVAMVVDRIFLWLFI IVSFLGTIGLFLPPF ( 5) 

16. STSLVIPLIGEYLLFTMIFVTLSI I ITVFVLNVHHRSPST H TMPHWVRSFFLGFIPRWLF (109) SILRALEGVOYIADHLRAEDADFSVKEDWKYVAMVIDRIFLWMFI IVCLLGTVGLFLPPY ( 5) 

17. STSLVIPLIGEYLLFTMIFVTLSIVITVFVLNVHHRSPRT H TMPAWVRRVFLDIVPRLLF (206) ALTRAVEGVOYIADHLKAEDTDFSVKEDWKYVAMVIDRIFLWMFI IVCLLGTVGLFLPPW ( 5) 

18. STSLVIPLIGEYLLFTMIFVTLSI I ITVFVLNVHHRSPRT H TMPDWVRRVFLDIVPRLLF (205) ALKLAVEGVHYIADHLRAEDADFSVKEDWKYVAMVIDRIFLWMFI IVCLLGTVGLFLPPW ( 5) 

19. PTSLDVPLVGKYLMFTMVLVTFSIVTSVCVLNVHHRSPTT H TMAPWVKVVFLEKLPALLF ( 74) GLREAVDGVRFIADHMRSEDDDOSVSEDWKYVAMVIDRLFLWIFVFVCVFGTIGMFLOPL (20) 

20. PTSLDVPLVGKYLMFTMVLVTFSIVTSVCVLNVHHRSPTT H TMPPWVRTLFLRKLPALLF ( 70) GLEEAVEGVRFIADHMRSEDDDOSVSEDWKYVAMVIDRLFLWIFVFVCVFGTVGMFLOPL (20) 

21. PTSLDIPLIGKYLLFTMVLVTFSIVTTVCVLNVHHRSPST H TMASWVKECFLHKLPTFLF ( 80) DLOEALEGVSFIAOHLESDDRDOSVIEDWKFVAMVVDRLFLWVFVFVCILGTMGLFLPPL (10) 

22. PTSLDVPLIGKYLMFTMVLVTFSIVTSVCVLNVHHRSPST H TMPPWVKLVFLERLPAYLF ( 74) EVOEAIDGVSFIAEHMKSDDNDOSVIEDWKYVAMVVDRLFLWIFVLVCVLGTVGLFLOPL (10) 

23. PTSLAVPLIGKYLMFTMVLVTFSIVTSVCVLNVHHRSPST H YMPEWVKCVFLHKLPAFLL ( 65) DVDEAIDGVRFIAEHMKIEDDDEGI IEDWKYVAMVIDRLFLWIFILVCVVGTLGLFVOPL (16) 

24. ETSLSVPI I IKYLMFTMVLVTFSVILSVVVLNLHHRSPHT H OMPLWVROIFIHKLPLYLR ( 72) ELAEVVSSISYIAROLOEOEDHDALKEDWOFVAMVVDALFLWTFI IFTSVGTLVIFLDAT (10) 

25. ETSLSVPI I IRYLMFIMILVAFSVILSVVVLNLHHRSPNT H TMPNWIROIFIETLPPFLW ( 68) DLKEAVEAIKYIAEOLESASEFDDLKKDWOYVAMVADRLFLYVFFVICSIGTFSIFLDAS (10) 

26. ATSMAIPLVGKFLLFGMVLVTMVVVICVIVLNIHFRTPST H VLSEGVKKFFLETLPKLLH ( 73) EMKPAVDGANFIVNHMRDONSYNEEKDNWNOVARTVDRLCLFVVTPVMVVGTAWIFLOGV (24) 

27. ATSHAIPLIGKYLLFIMLLVTAVVVICVVVLNFHFRTPST H VMSDWVAGVFLEILPRLLH ( 70) HLKPTLDEANFIVKHMREKNSYNEEKDNWNRVARTLDRLCLFLITPMLVVGTLWIFLMGI (24) 

28. ETALAVPLIGKYLMFIMSLVTGVIVNCGIVLNFHFRTPST H VLSTRVKOIFLEKLPRILH ( 78) EIKSGIDSTNYIVKOIKEKNAYDEEVGNWNLVGOTIDRLSMFI ITPVUVLGTIFIFVMGN (24) 

29. ETSOAVPLISKYLTFLLVVTILIVVNAVVVLNVSLRSPHT H SMARGVRKVFLRLLPOLLR ( 80) AIOACVEACNLIACARHOOSHFDNGNEEWFLVGRVLDRVCFLAMLSLFICGTAGIFLMAH (21) 

30. ETSOAVPLIGKYLTFLUVVTVVIVVNAVIVLNVSLRTPNT H SMSORVROVWLHLLPRYLG ( 78) EIRACVEACNHIANATREONDFSSENEEWILVGRVIDRVCFFIMASLFVCGTIGIFLMAH (19) 

31. ETSLNVPLIGKYLIFVMFVSMLIVMNCVIVLNVSLRTPNT H SLSEKIKHLFLGFLPKYLG ( 77) EIKSCVEACNFIAKSTKEONDSGSENENWVLIGKVIDKACFWIALLLFSIGTLAIFLTGH (18) 

32. ETSLSVPLLGRYLIFVMVVATLIVMNCVIVLNVSLRTPTT H ATSPRLROILLELLPRLLG ( 63) EIRCCVDAVNFVAESTRDOEATGEELSDWVRMGKALDNVCFWAALVLFSVGSTLIFLGGY (15) 

33. STSLALPLLGKYLLFTMLLVGLSVVITI I ILNIHYRKPST H KMRPWIRSFFIKRLPKLLL (113) ELEKAIHNVMFIOHHMORODEFNAEDODWGFVAMVMDRLFLWLFMIASLVGTFVILGEAP (28) 

34. PTSLTVPLLGKYLLFTMMLVTLSVVVTIAVLNVNFRSPVT H RMAPWVORLFIOILPKLLC (121) EMEKTIEGSRFIAOHVKNKDKFESVEEDWKYVAMVLDRMFLWIFAIACVVGTALI ILOAP (32) 

35. PTSLAVPLLGKYLLFTMILVSLSVWTTVCVLNIHFRSPST H NMSRLVRKLFLHFMPKLMM ( 65) EVLOALRAVRFIAOHIKDADKDNEIVEDWKFVSMVLDRFFLWLFTLSCVFGTLAI ICOSP (35) 

36. PTSL VLPL I AKYLLFTF I MNTVS I L VTV I I I NWNFRGPRT H AMP MY I AS I FLHYLP AFLF ( 93) EASKA TEA VEF I AEHLRNEDL Y I OTREDWKYV AMV I DRLQL Y I FF I VTT AGTVG I LMDAP ( 18) 

37. ATSDSVPL I AOYLPSTM I I VGLSVVVTV I VLRYHHHDPDG G KMPKWTA I I LLNWCAWFLA ( 87) DLAK I LEEVRYMPTAYRCQDESEV I CSEWKF AACVVDRLCLMAFSVFT I I CT I G I LMSAP ( 11 ) 

38. ATSDSVPLIAOYFASTMI IVGLSVVVTVIVLOYHHHDPDG G KMPKWTAVILLNWCAWFLA ( 87) DLAKILEEVRYIANRFRDODEEEAICNEWKFAASVVDRLCLMAFSVFTI ICTIGILMSAP (11) 

39. ATSDSVPLIAOYFASIMVIVGLSVVVTVLVLOFHHHDPOA G KMPRWVAVILLNWCAWFLR ( 88) VIVKILEEVOFIAMRFRKODEGEEICSEWKFAAAVIDRLCLVAFTLFAI ICTFTILMSAP (11) 

40. ATI GTPLIGVYFVVCMALLVISLAETIFIVRLVHKODLO A PVPDWLRHLVLDRIAWILC ( 63) AVRGLLOELSSIRHFLEKRDEMREVARDWLRVGYVLDRLLFRIYLLAVLAYSITLVTLWS ( 5) 

consensus P W D 
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ca2+ pump (1) 

1. (203) 
2. (138) 
3. (138) 
4. (138) 
5. (138) 
6. (144) 
7. (142) 
8. (148) 
9. (162) 

10. ( 139) 
11. (132) 
12. (189) 

consensus 

1. (132) 
2. ( 60) 
3. ( 60) 
4. ( 60) 
5. ( 60) 
6. ( 69) 
7 0 ( 61) 
8. ( 50) 
9. ( 50) 

10. ( 77) 
11. ( 83) 
12. ( 50) 

consensus 

OIPVADITVGDIAOVKYGDLLPADGILI OGNDLKIDESSLTGESDHVKK ( 7) LLSGTHVREGSGRMVVTAVGVNSOTGI I 

RIKARDIVPGDIVEVAVGDKVPADIRILSIKSTTLRVDOSILTGESVSVIK (18) LFSGTNIAAGKAVGIVATTGVSTEIGKI 

RIKAKDIVPGDIVEIAVGDKVPADIRLTSIKSTTLRVDOSILTGESVSVIK (18) LFSGTNIAAGKAMGVVVATGVNTEIGKI 

RIRARDIVPGDIVEVAVGDKVPADLRLIEIKSTTLRVDOSILTGESVSVTK (18) LFSGTNIASGKALGVAVATGLHTELGKI 

KVRAKEIVPGDLVEVSVGDKIPADIRITHIYSTTLRIDQSILTGESVSVIK (18) LFSGTNVAAGKARGVVIGTGLSTAIGKI 

DFPAKELVPGDIVELRVGDKVPADMRVATLKSSTLRVEOSSLTGESMPVTK (18) VFAGTTVVNGSCICIVVNTGMCTEIGKI 

I IDSKYLTVGDI IELSVGNKTPADARIVKIFSTSIKAEOSMLTGESCSVDK (20) LFSSTAIVAGRCTAVVIKIGMNTEIGNI 

HTLARDLVPGDTVCLSVGDRVPADLRLF EAVDLSIDESSLTGETTPCSK (19) AFMGTLVRCGKAKGIVIGTGENSEFGEV 

HVLASTLVPGDLVHFRIGDRIPADIRI I EAIDLSIDESNLTGENEPVHK (26) AYMGTLVKEGHGKGIVVGTGTNTSFGAV 

TINSKDVVPGDICLVKVGDTIPADLRLI ETKNFDTDESLLTGESLPVSK (20) AFSSSAVVKGRAKGIVIKTALNSEIGKI 

AIDSHLLVPGDVVVLKTGDVVPADLRLV ETVNFETDEALLTGESLPVIK (20) AYSSSIVTKGRAKGICYATGMQTOIGAI 

EIPANEVVPGDILOLEDGTVIPTDGRIVT EDCFLOIDOSAITGESLAVDK ( 5) TFSSSTVKRGEGFMVVTATGDNTFVGRA 

GO G P D TGE K G G 

Fl IGVTVLVVAVPEGLPLAVTISLAYSVKKMMKDNNLVRHLDACETMGNATAICSDKTGTLTMNRMTV ( 90) 
FKIAVALAVAAIPEGLPAVITTCLALGTRRMAKKNAIVRSLPSVETLGCTSVICSDKTGTLTTNOMSV (123) 
FKIAVALAVAAIPEGLPAVITTCLALGTRRMAKKNAIVRSLPSVETLGCTSVICSDKTGTLTTNOMSV (123) 
FKIAVALAVAAIPEGLPAVITTCLALGTRRMARKNAIVRSLPSVETLGCTSVICSDKTGTLTTNOMSV (123) 
FKIAVAVAVAAIPEGLPAVITTCLALGTRRMAKKNAIVRSLPSVETLGCTSVICSDKTGTLTTNOMSV (123) 
FKIAVALAVAAIPEGLPSVITTCLALGTRKMAOKNAIVRKLOSVETLGCTTVICSDKTGTLTTNOMSV (128) 
FKISVALAVAAIPEGLPAVITTCLALGTRRMVKKNAIVRKLOSVETLGCTTVICSDKTGTLTTNQMTA (219) 
FTISVSLAVAAIPEGLPIVVTVTLALGVMRMVKKRAIVKKLPIVETLGCCNVICSDKTGTLTKNEMTV ( 91) 
FOISVSLAVAAIPEGLPI IVTVTLALGVLRMAKRKAIVRRLPSVETLGSVNVICSDKTGTLTSNHMTV ( 93) 
AIYAICVALSMIPSSLVVVLTITMSVGAAVMVSRNVIVRKLDSLEALGAVNDICSDKTGTLTOGKMLA (155) 
SIYAISLGISI IPESLIAVLSITMAMGOKNMSKRRVIVRKLEALEALGGVTDICSDKTGTITOGKMIT (116) 
LRYTLGITI IGVPVGLPAVVTTTMAVGAAYLAKKOAIVOKLSAIESLAGVEILCSDKTGTLTKNKLSL ( 60) 

P L V L E CSDKTGT T 

FNSVRKSMS 

FSRDRKSMS 

FSRDRKSMS 

FSRDRKSMS 

FSRDRKSMS 

FDRVRKSMG 

FTRERKLMS 

FSSEOKWMA 

FNSKRKLMA 

FDSTVKRMS 

FDSEIKRMA 

FDPVSKKVT 

F K 
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ca2+ pump (2) 

1. (12) FSKGASEI IL (67) CIAVVGIEDPVRPEVPDAIKKCORAGITVRMVTGDNINTARAIATKCGI (40) LARSSPTDKHTLVKGI 

2. (17) FVKGAPEGVI (70) FVGVVGMLDPPRKEVTGSIOLCRDAGIRVIMITGDNKGTAIAICRRIGI (34) FARVEPSHKSKIVEYL 

3. (16) FVKGAPEGVI (70) FVGCVGMLDPPRIEVASSVKLCROAGIRVIMITGDNKGTAVAICRRIGI (34) FARVEPSHKSKIVEFL 

4. (17) FVKGAPESVI (70) FVGCVGMLDPPRPEVAACITRCSRAGIRVVMITGDNKGTAVAICRRLGI (34) FARVEPAHKSRIVENL 

5. (17) FVKGAPEGVL (70) FVGVVGMLDPPRKEVFDSIVRCRAAGIRVIVITGDNKATAEAICRRIGV (34) FSRVEPOHKSKIVEFL 

6. (12) LVKGAFESLL (78) FVGVVGLRDPPREEVHRAVNDCRRAGIKIMVITGDNKSTAEAVCREIOL (36) FSRAEPRHKOEIVRML 

7. (12) YCKGAPENI I (66) YIGGLGI IDPPRKYVGKAISLCHLAGIRVFMITGDNIDTAKAIAKEINI (37) FCRTEPKHKKNIVKIL 

8. (15) FMKGAYEOVI (50) LLGLVGI IDPPRTGVKEAVTTLIASGVSIKMITGDSOETAIAIASRLGL (30) FYRASPRHKMKI IKSL 

9. (13) YVKGAFERIL (63) FTGLIGMNDPPRPNVKFAIEOLLOGGVHI IMITGDSENTAVNIAKOIGI (32) FARATPEHKLNIVRAL 

10. (13) YGKGAFESI I (72) FLGLIGIYDPPRNETAGAVKKFHOAGINVHMLTGDFVGTAKAIAOEVGI (40) IARCSPOTKVRMIEAL 

11. (12) YAKGAVERIL (60) FVSLVGIYDPPRTESKGAVELCHRAGIRVHMLTGDHPETAKAIAREVGI (39) IARCAPOTKVKMIEAL 

12. (12) CVKGAPLSAL (44) ILGVMPCMDPPRDDTAOTVSEARHLGLRVKMLTGDAVGIAKETCROLGL (32) FAEVFPOHKYRVVEIL 

consensus KGA DP R G TGD A P K 

1. (5) SDOROVVAVTGDGTNDGPALKKADVGFAMGIAGTDVAKEASDI ILTDDNFTSIVKAVMWGRNVYDSI (368) 
2. (0) OSYDEITAMTGDGVNDAPALKKAEIGIAMG SGTAVAKTASEMVLADDNFSTIVAAVEEGRAIYNNM (237) 
3. (0) OSFDEITAMTGDGVNDAPALKKAEIGIAMG SGTAVAKTASEMVLADDNFSTIVAAVEEGRAIYNNM (286) 
4. (0) OSFNEITAMTGDGVNDAPALKKAEIGIAMG SGTAVAKSAAEMVLSDDNFASIVAAVEEGRAIYNNM (242) 
5. (0) OSMNEISAMTGDGVNDAPALKKAEIGIAMG SGTAVAKSAAEMVLADDNFSSIVSAVEEGRAIYNNM (245) 
6. (0) KEMGEIVAMTGDGVNDAPALKLADIGIAMGITGTEVAKEASDMVLADDNFSTIVSAVAEGRSIYNNM (265) 
7. (0) KDLGETVAMTGDGVNDAPALKSADIGIAMGINGTOVAKEASDI ILADDNFNTIVEAIKEGRCIYNNM (260) 
8. (0) OKNGSVVAMTGDGVNDAVALKAADIGVAMGOTGTDVCKEAADMILVDDDFOTIMSAIEEGKGIYNNI (220) 
9. (0) RKRGDVVAMTGDGVNDAPALKLSDIGVSMGRIGTDVAKEASDMVLTDDDFSTILTAIEEGKGIFNNI (215) 

10. (0) HRRKKFCTMTGDGVNDSPSLKMANVGIAMGINGSDVSKEASDIVLSDDNFASILNAVEEGRRMTDNI (279) 
11. (0) HRRKAFVAMTGDGVNDSPSLKOANVGIAMGONGSDVAKDASDIVLTDDNFSSIVNAIEEGRRMFDNI (279) 
12. (0) ONRGYLVAMTGDGVNDAPSLKKADTGIAVE GATDAARSAADIVFLAPGLSAI IDALKTSROIFHRM (230) 

consensus TGDG NO LK G A I A 
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2+ Ca pump (SERCA) 
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1. (262) WEIPRESLRLEVKLGOGCFGEVWMGTWNGTTRVAIKTLKPGTMSPEAFLOEAOVMKKLRHE 

2. (258) WEIPRDSLRLELKLGOGCFGEVWMGTWNGTTRVAIKTLKPGTMSPEAFLOEAOVMKKLRHE 

3. (269) WEIPRESLRLEVKLGOGCFGEVWMGTWNGTTKVAIKTLKPGTMMPEAFLOEAOIMKKLRHD 
4. (270) WEIPRESLRLDVRLGOGCFGEVWMGTWNGTTKVAIKTLKPGTMSPEAFLEEAOIMKKLRHD 
5. (263) WEIPRESLOLIKRLGNGOFGEVWMGTWNGNTKVAIKTLKPGTMSPESFLEEAOIMKKLKHD 

6. (263) WEIPRESLOLIKRLGNGOFGEVWMGTWNGTTKVAVKTLKPGTMSPESFLEEAOIMKKLRHD 
7. (255) WEISRSSITLERRLGTGCFGOVWLGTWNGSTKVAVKTLKPGTMSPKAFLEEAOVMKLLRHD 
8. (233) WEIPRESLKLEKKLGAGOFGEVWMATYNKHTKVAVKTMKPGSMSVEAFLAEANVMKTLOHD 

9. (239) WEIPRESIKLVKRLGAGOFGEVWMGYYNNSTKVAVKTLKPGTMSVOAFLEEANLMKTLOHD 

10. (237) WEVPRETLKLVERLGAGOFGEVWMGYYNGHTKVAVKSLKOGSMSPDAFLAEANLMKOLOHP 

11. (184) WEVPRESLKLVEKLGAGOFGEVWMGFYNGHTKVAIKNLKOGSMSPSAFLAEANLMKNLOHP 
12. (227) WEIPROSLKLVRKLGSGOFGEVWMGYYKNNMKVAIKTLKEGTMSPEAFLGEANVMKTLOHE 
13. (276) YEIPRSEIOLLRKLGRGNFGEVFYGKWRNSIDVAVKTLREGTMSTAAFLOEAAIMKKFRHN 
14. (232) WEIPRESLRLNRKLGAGOFGEVWAGVWNNTTOVAVKTLKPGTMSPASFLDEAGVMKKLRHK 

consensus E R L LG G FG V VA K G M FL EA MK H 

1. KLVOLYAVVSE EPIYIVTEYMSKGSLLDFLKGETGKYL RLPOLVDMAAOIASGMAYVERMNYVHR 
2. KLVOLYAVVSE EPIYIVTEYMSKGSLLDFLKGEMGRYL RLPOLVDMAAOIASGMAYVERMNYVHR 
3. KLVPLYAVVSE EPIYIVTEFMSKGSLLDFLKEGDGKYL KLPOLVDMAAOIADGMAYIERMNYIHR 

4. KLVPLYAVVSE EPIYIVTEFMGKGSLLDFLKEGDGKHL KLPOLVDMASOIADGMAFIERMNYIHR 

5. KLVOLYAVVSE EPIYIVTEYMNKGSLLDFLKDGEGRAL KLPNLVDMAAOVAAGMAYIERMNYIHR 
6. KLVOLYAVVSE EPIYIVTEYMSKGSLLDFLKDGEGRAL KLPNLVDMAAOVAAGMAYIERMNYIHR 

7. KLVOLYAVVSE EPIYIVTEFMCHGSLLDFLKNPEGODL RLPOLVDMAAOVAEGMAYMERMNYIHR 

8. KLVKLHAVVTK EPIYI ITEFMAKGSLLDFLKSDEGSKQ PLPKLIDFSAOIAEGMAFIEORNYIHR 

9. KL VAL Y A VVTREEP I Y I I TEYMAKGSLLDFLKSDEGGKV LLPKL I OF SAO I AEGMA Y I ERKNY I HR 

10. RLVRLYAVVTO EPIYI ITEYMENGSLVDFLKTPSGIKL NVNKLLDMAAOIAEGMAFIEEONYIHR 
11. RLVRLYAVVTK EPIYI ITEYMEKGSLVDFLKTSEGIKL SINKLLDMAAOIAEGMAFIEAKNYIHR 

12. RLVRLYAVVTR EPIYIVTEYMARGCLLDFLKTDEGSRL SLPRLIDMSAOVAEGMAYIERMNSIHR 

13. RLVALYAVCSOEEPIYIVOEYMSKGSLLDFLREGDGRYL HFEDLIYIATOVASGMEYLESKOLIHR 

14. HLVOLYAICSDREPIYIVTEYMSGGSLLDYLSKGEGVNL OLPTLIDMAAOVASGMAFLEAOGYIHR 
consensus LV L A EPIYI E M G L D L G L 0 A GM E HR 

1 . DLRAAN I LVGENL VCKVADFGLARL I EDNEYT AROGAKFP I KWT APEAAL YGRFT I KSDVWSFG I LL 

2. DLRAANILVGENLVCKVADFGLARLIEDNEYTAROGAKFPIKWTAPEAALYGRFTIKSDVWSFGILL 
3. DLRAANILVGENLVCKIADFGLARLIEDNEYTAROGAKFPIKWTAPEAALYGRFTIKSDVWSFGILO 
4. DLRAANILVADNLVCKIADFGLARLIEDNEYTAROGAKFPIKWTAPEAALYGRFTIKSDVWSFGILL 
5. DLRSANILVGNGLICKIADFGLARLIEDNEYTAROGAKFPIKWTAPEAALYGRFTIKSDVWSFGILL 
6. DLRSANILVGDNLVCKIADFGLARLIEDNEYTAROGAKFPIKWTAPEAALYGRFTIKSDVWSFGILL 
7. DLRAANILVGERLACKIADFGLARLIKDDEYNPCOGSKFPIKWTAPEAALFGRFTIKSDVWSFGILL 
8. DLRAANILVSASLVCKIADFGLARVIEDNEYTAREGAKFPIKWTAPEAINFGSFTIKSDVWSFGILL 
9. DLRAANVLVSESLMCKIADFGLARVIEDNEYTAREGAKFPIKWTAPEAINFGCFTIKSDVWSFGILL 

10. DLRAANILVSDTLSCKIADFGLARLIEDNEYTAREGAKFPIKWTAPEAINYGTFTIKSDVWSFGILL 

11. DLRAANILVSEALCCKIADFGLARLIEDNEYTAREGAKFPIKWTAPEAINYGTFTIKSDVWSFGILL 
1 2. DLRAAN I L VSETLCCK I ADFGLAR I I DSEYT AOEGAKFP I KWT APEA I HFGVFT I KADVWSFGVLL 
13. DLAARNVLIGENNVAKICDFGLARVIADDEYCPKOGSRFPVKWTAPEAI IYGKFSIKSDVWSYGILL 

14. DLAARNILVGENYICKVADFGLARLIEDDEYTAHEGAKFPIKWTAPEAALYNRFTIKSDVWSFGILM 
consensus DL N L K DFGLAR I D EY G FP KWTAPEA F IK DVWS G L 

1. TEL TTKGRVPYPGMVNREVLDOVERGY (7) CPESLH DLMCOCWRKEPEERPTFEYLOAFL (17) 
2. TELTTKGRVPYPGMVNREVLDOVERGY (7) CPESLH DLMFOCWRKDPEERPTFEYLOAFL (17) 
3. TELVTKGRVPYPGMVNREVLEOVERGY (7) CPESLH ELMNLCWKKDPDERPTFEYIOSFL (17) 
4. TELVTKGRVPYPGMVNREVLEOVDRGY (7) CPESLH EMMROCWKKEPDERPTFEYIOSFL (17) 
5. TELVTKGRVPYPGMNNREVLEOVERGY (7) CPISLH ELMIHCWKKDPEERPTFEYLOSFL (17) 
6. TELVTKGRVPYPGMNNREVLEOVERGY (7) CPASLH ELMLOCWKKDPEERPTFEYLOAFL (17) 
7. TELITKGRIPYPGMNKREVLEOVEOGY (7) CPASLY EAMEOTWRLDPEERPTFEYLOSFL (17) 
8. MEIVTYGRIPYPGMSNPEVIRALERGY (7) CPEELY NIMMRCWKNRPEERPTFEYIOSVL (15) 
9. YEIVTYGKIPYPGRTNADVMTALSOGY (7) CPDELY DIMKMCWKEKAEERPTFDYLOSVL (15) 

10. TEIVTHGRIPYPGMTNPEVIONLERGY (7) CPEELY HLMMLCWKERPEDRPTFDYLRSVL (15) 
11. TEIVTYGRIPYPGMTNPEVIONLERGY (7) CPOELY ELMMOCWKEOPEERPTFEYMKSVL (15) 
12. MVIVTYGRVPYPGMSNPEVIRSLEHGY (7) CPPELYNDI ITECWRGRPEERPTFEFLOSVL (15) 
13. MELFTYGOVPYPGMHSREVIENIERGF (9) FPDNIY OLLLOCWDAVPEKRPTFEFLNHYF (16) 
14. AEIVTKGRIPYPGMTNAOTIAEVEKGY (7) CPEPLY NIMLOTWNKDPENRPTFDYLOGVL (19) 

consensus T G PYPG G P W RPTF 

Appendix C2(b) 



FGFR 

1. (462) YELPEDPRWELPRDRLVLGKPLGEGCFGOVVLAEAIGLDKDKPNRVTKVAVKMLKSDATEKDLSDLISEMEMMKMIGKHKNI INLLGACTODGPLYYIVEYASK 

2. (460) YELPEDPRWELPRDRLILGKPLGEGCFGOVVLAEAIGLDKDKPNRVTKVAVKMLKSDATEKDLSDLISEMEMMKMIGKHKNI INLLGACTODGPLYYIVEYASK 

3. (456) YELPEDPRWEVARDRLILGKPLGEGCFGOVVMAEAIGLDKEKPNKVTKVAVKMLKSDASEKDLSDLISEMEMMKMIGKHKNI INLLGACTODGPLYYIVEYTSK 

4. (465) YELPEDPKWEFPRDKLTLGKPLGEGCFGOVVMAEAVGIDKDKPKEAVTVAVKMLKDDATEKDLSDLVSEMEMMKMIGKHKNI INLLGACTODGPLYYIVEYASK 

5. (467) YELPEDPKWEFPRDKLTLGKPLGEGCFGOVVMAEAVGIDKDRPKEAVTVAVKMLKDDATEKDLSDLVSEMEMMKMIGKHKNI INLLGACTODGPLYVIVEYASK 

6. (456) LELPADPKWELSRARLTLGKPLGEGCFGOVVMAEAIGIDKDRAAKPVTVAVKMLKDDATDKDLSDLVSEMEMMKMIGKHKNI INLLGACTOGGPLYYLVEYAAK 

7. (451) LDLPLDPLWEFPRDRLVLGKPLGEGCFGOVVRAEAFGMDPARPDOASTVAVKMLKDNASDKDLADLVSEMEVMKLIGRHKNI INLLGVCTOEGPLYVIVECAAK 

8. (470) FDLPLDSKWEFPRERLVLGKPLGEGCFGOVVRAEAYGINKDOPDKAITVAIKIVKDKGTDKELSDLISEMELMKLMGKHKNI INLLGVCTODGPLYMIVEYASK 

9. (435) YEFPLDSNWEIPROOLSLGSILGEGAFGRVVMAEAEGLPRSPOLAETIVAVKMVKEEHTDTDMASLVREMEVMKMIGKHINI INLLGCCSOGGPLWVIVEYAPH 

10. (454) FKILEDPKWEFPRKNLVLGKTLGEGEFGKVVKATAFHL KGRAGYT TVAVKMLKENASPSELRDLLSEFNVLKOV NHPHVIKLYGACSODGPLLLIVEYAKY 

consensus D WE R L LG LGEG FG VV A A VA K K L E K H I L G C 0 GPL VE 

1. GNLREYLOARRPPGLE ( 9) EEOLSSKDLVSCAYOVARGMEYLASKKCIHRDLAARNVLVTEDNVMKIADFGLARDIHHIDYYKKTTNGRLPVKWMAPEALFDRIYTH 

2. GNLREYLOARRPPGME ( 9) EEOLSFKDLVSCAYOVARGMEYLASKKCIHRDLAARNVLVTEDNVMKIADFGLARDIHHIDYYKKTTNGRLPVKWMAPEALFDRIYTH 

3. GNLREYLRARRPPAME ( 9) DOLLSFKDLVSCAYOVARGMDYLASKKCIHRDLAARNVLVTEDNIMKIADFGLARDIHHIDYYKKTTNGRLPVKWMAPEALFDRIYTH 

4. GNLREYLRARRPPGME ( 9) EEOMTFKDLVSCTYOLARGMEYLASOKCIHRDLAARNVLVTENNVMKIADFGLARDINNIDYYKKTTNGRLPVKWMAPEALFDRVYTH 

5. GNLREYLRARRPPGME ( 9) EEOMTFKDLVSCTYOLARGMEYLASOKCIHRDLAARNVLVTENNVMKIADFGLARDINNIDYYKKTTNGRLPVKWMAPEALFDRVYTH 

6. GNLREFLRARRPPGLD ( 9) EEOLTFKDLVSCAYOVARGMEYLASOKCIHRDLAARNVLVTEDNVMKIADFGLARDVHNLDYYKKTTNGRLPVKWMAPEALFDRVYTH 

7. GNLREFLRARRPPGPD ( 9) EGPLSFPVLVSCAYOVARGMOYLESRKCIHRDLAARNVLVTEDNVMKIADFGLARGVHHIDYYKKTSNGRLPVKWMAPEALFDRVYTH 

8. GNLREFLRARRPPSPD ( 9) EEOLSFODLVSCSYOVARGMAYLESKRCIHRDLAARNVLVTGENVMKIADFGLARGVHDIDYYKKTSNGRLPVKWMAPEALFDRVYTH 

9. GNLKDFLKONRPGAPO (16) TOHLGEKELTKFAFOIARGMEYLASRRCIHRDLAARNVLVSDGYVMKIADFGLARDIODTEYYRKNTNGRLPIKWMXP SRCRRRSTT 

10. GSLRGFLRESRKVGPG (17) ERALTMGDLISFAWOISOGMOYLAEMKLVHRDLAARNILVAEGRKMKISDFGLSRDVYEEDSYVKRSOGRIPVKWMAIESLFDHIYTT 

consensus G L L R L 0 GM YL HRDLAARN LV MKI DFGL R Y K GR P KWM T 

1. OSDVWSFGVLLWEIFTLGGSPYPGV PVEELFKLLKEGHRMDKPSNCTNELYMMMRDCWHAVPSORPTFKOLVEDLDHIV (4) NOEYLDLSIPLDOYSPSFPD (40) 
2. OSDVWSFGVLLWEIFTLGGSPYPGV PVEELFKLLKEGHRMDKPSNCTNELYMMMRDCWHAVPSORPTFKOLVEDLDRIV (4) NOEYLDLSVPLDOYSPGFPA (39) 
3. OSDVWSFGVLLWEIFTLGGSPYPGV PMEELFKLLKEGHRMDKPTNCTNELYMMMKDCWHAMPSORPTFNOLVEDLDRIL (4) NOEYLDLSMPVNOYSPCFPD (37) 
4. OSDVWSFGVLMWEIFTLGGSPYPGI PVEELFKLLKEGHRMDKPANCTNELYMMMRDCWHAVPSORPTFKOLVEDLDRIL (4) NEEYLDLSOPLEOYSPSYPD (36) 
5. OSDVWSFGVLMWEIFTLGGSPYPGI PVEELFKLLKEGHRMDKPANCTNELYMMMRDCWOAVPSORPTFKOLVEDLDRIL (4) NEEYLDLSGPLEOYSPSYPD (36) 
6. OSDVWSFGVLLWEIFTLGGSPYPGI PVEELFKLLKEGHRMDKPANCTHDLYMIMRECWHAAPSORPTFKOLVEDLDRVL (4) TDEYLDLSAPFEOYSPGGOD (30) 
7. OSDVWSFGILLWEIFTLGGSPYPGI PVEELFSLLREGHRMDRPPHCPPELYGLMRECWHAAPSORPTFKOLVEALDKVL (3) SEEYLDLRLTFGPYSPSGGD (32) 
8. OSDVWSFGVLTWEIFTLGGSPYPGI PVEELFKLLREGHRMDKPSNCTHELYMLMRECWHAAPSORPTFKOLVETLDRIL (3) AEEYLDLSMPFEOYSPACED (34) 
9. HSDVWSYGVLLWEIMTYGDOPYPHILSAEELYSYLITGORMEKPAKCSLNIYVVMROCWHFOSCARPTFAELVESFDGIL (7) NDAYLDLSMPMLETPPSSGD (25) 

10. OSDVWSFGVLLWEIVTLGGNPYPGI PPERLFNLLKTGHRMERPDNCSEEMYRLMLOCWKQEPDKRPVFADISKDLEKMM (2) RRDYLDLAASTPSDSLIYDD (83) 
consensus SDVWS G L WEI T G PYP E L L G RM P C Y M CW RP F YLDL 

rat 

Appendix C3(b) 

1. (353) RIGSGSFGTVYKGKWHG DVAVKILKVVDPTPEOFOA FRNEVAVLRKTRHVNILLFMGYMTKDNL 

2. (344) RIGSGSFGTVYKGKWHG DVAVKILKVTDPTPEOLOA FRNEVAVLRKTRHVNILLFMGYMTKDNL 

3. (460) RIGSGSFGTVYKGKWHG DVAVKMLNVTAPTPOOLOA FKNEVGVLRKTRHVNILLFMGYSTKPOL 

4. (314) RIGTGSFGTVFRGRWHG DVAVKVLKVSOPTAEOAOA FKNEMOVLRKTRHVNILLFMGFMTRPGF 

5. (360) RIGSGSFGTVYRAHWHG PVPVKTLNVKTPSPAOLOA FKNEVAMLKKTRHCNILLFMGCVSKPSL 

6. (112) KVGEGAFSEVWEGWWKGIHVAIKKLKI I GDEEOFKERFIREVONLKKGNHONIVMFIGACYKPA 

consensus G G F V W G V K L 0 F E L K H Nl F G 

1. AIVTOWCEGSSLYK (21) 
2. AIVTOWCEGSSLYY (21) 
3. AIVTOWCEGSSLYH (21) 
4. AI ITOWCEGSSLYH (21) 
5. AIVTOWCEGSSLYK (21) 
6. Cl ITEYMAGGSLYN (26) 

consensus I T G SLY 

AOGMDYLHAKNI IHRDMKSNNIFLHEGLTVKIGDFGLATVKSRWSGSOOVEO 
AOGMDYLHAKNI IHRDMKSNNIFLHEGLTVKIGDFGLATVKTRWSGSOOVEO 
AOGMDYLHAKSI IHRDLKSNNIFLHEDLTVKIGDFGLATVKSRWSGSHOFEO 
AOGMDYLHAKNI IHRDLKSNNIFLHEGLTVKIGDFGLATVKTRWSGAOPLEO 
AOGMDYLHAKNI IHRDLKSNNIFLHEDLSVKIGDFGLATAKTRWSGEKOANO 
ALGLLHLHSITIVHRDLTSONILLDELGNIKISDFGLSAEKSREGSMTMTNG 
A G LH I HRD S Nl L E Kl DFGL K R 

1. PTGSVLWMAPEVIRMODNNPFSFOSDVYSYGIVLYELMTGELPYSHINNRDOI IFMVGRGYASP (80) 
2. LTGSILWMAPEVIRMODNNPFSFOSDVYSYGIVLYELMTGELPYSHIRDRDOI IFLVGRGGVVP (80) 
3. LSGSILWMAPEVIRMODKNPYSFOSDVYAFGIVLYELMTGOLPYSNINNRDOI IFMVGRGYLSP (90) 
4. PSGSVLWMAAEVIRMODPNPYSFOSDVYAYGVVLYELMTGSLPYSHIGCRDOI IFMVGRGYLSP (77) 
5. PTGSILWMAPEVIRMOELNPYSFOSDVYAFGIVMYELLAECLPYGHISNKDOILFMVGRGLLRP (91) 
6. GICNPRWRPPELTK NLGHYSEKVDVYCFSLVVWEILTGEIPFSDLDGS ORSAOVAYAGLRP (81) 

consensus W E S DVY V E P 0 V P 

Appendix C4(b) 



CDK2 

1. (1) ENFOKVEKIGEGTYGVVYKARNKLTGE VVALKKIRLDTETEGVPSTAIREISLLKELNHPNIVKLLDVIHTE NKLYLVFEFLHODLKKFMD 

2. (1) ESFOKVEKIGEGTYGVVYKAKNKVTGE TVALKKIRLDTETEGVPSTAIREISLLKELNHPNIVKLHDVIHTE NKLYLVFEFLHODLKRFMD 

3. (1) ENFOKVEKIGEGTYGVVYKARNRETGE IVALKKIRLDTETEGVPSTAIREISLLKELNHPNIVKLLDVIHTE NKLYLVFEFLNODLKKFMD 

4. (1) DMFOKVEKIGEGTYGVVYKAKNRETGO LVALKKIRLDLEMEGVPSTAIREISLLKELKHPNIVRLLDVVHNE RKLYLVFEFLSODLKKYMD 

5. (5) DNFORAEKIGEGTYGIVYKARSNSTGO DVALKKIRLEGETEGVPSTAIREISLLKNLKHPNVVOLFDVVISG NNLYMIFEYLNMDLKKLMD 

6. (1) EDYTKIEKIGEGTYGVVYKGRHKTTGO VVAMKKIRLESEEEGVPSTAIREISLLKELRHPNIVSLODVLMOD SRLYLIFEFLSMDLKKYLD 

7. (1) DEYTKIEKIGEGTYGVVYKGRHKATGO VVAMKKIRLENEEEGVPSTAIREISLLKELOHPNIVCLLDVLMOD SRLYLIFEFLSMDLKKYLD 

8. (1) EDFEKIEKIGEGTYGVVYKGRNRLTGO IVAMKKIRLESDDEGVPSTAIREISLLKELKHENIVCLEDVLMEE NRIYLIFEFLSMDLKKYMD 

9. (5) ANYKRLEKVGEGTYGVVYKALDLRPGOGORVVALKKIRLESEDEGVPSTAIREISLLKELKDDNIVRLYDIVHSDAHKLYLVFEFLDLDLKRYME 

consensus EK GEGTYG VYK G VA KKIRL EGVPSTAIREISLLK L N V  L D Y FE L DLK 

1. (10) LIKSYLFOLLOGLAFCHSHRVLHRDLKPONLLINTEGAIKLADFGLARAFGVPVRTYTHEVVTLWYRAPEILLGSKYYSTAVDIWSLGCIFAEM 
2. (10) LVKSYLFOLLOGLAFCHSHRVLHRDLKPONLLINAOGEIKLADFGLARAFGVPVRTYTHEVVTLWYRAPEILLGCKYYSTAVDIWSLGCIFAEM 

3. (10) LVKSYLFOLLOGLAFCHSHRVLHRDLKPONLLINSDGAIKLADFGLARAFGVPVRTFTHEVVTLWYRAPEILLGCKFYSTAVDIWSLGCIFAEM 
4. (10) LIKSYLFOLLOGVSFCHSHRVIHRDLKPONLLINELGAIKLADFGLARAFGVPLRTYTHEVVTLWYRAPEILLGSKFYTTAVDIWSIGCIFAEM 
5. ( 9) LIKSYMHOILDAVGFCHTNRILHRDLKPONLLVDTAGKIKLADFGLARAFNVPMRAYTHEVVTLWYRAPEILLGTKFYSTGVDIWSLGCIFSEM 
6. (11) LVKSYLYOILOGIVFCHSRRVLHRDLKPONLLIDDKGTIKLADFGLARAFGIPIRVYTHEVVTLWYRSPEVLLGSARYSTPVDIWSIGTIFAEL 
7. (11) LVKSYLYOILOGIVFCHSRRVLHRDLKPONLLIDSKGVIKLADFGLARAFGIPVRVYTHEVVTLWYRAPEVLLGSVRYSTPVDVWSIGTIFAEI 
8. (11) LVRSYLYOITSAILFCHRRRVLHRDLKPONLLIDKSGLIKVADFGLGRSFGIPVRIYTHEIVTLWYRAPEVLLGSPRYSCPVDIWSIGCIFAEM 

9. (11) IVKKFMMOLCKGIAYCHSHRILHRDLKPONLLINKDGNLKLGDFGLARAFGVPLRAYTHEIVTLWYRAPEVLLGGKOYSTGVDTWSIGCIFAEM 

consensus 0 CH R HRDLKPONLL G K DFGL R F P R THE VTLWYR PE LLG Y VD WS G IF E 

1. VTRRALFPGDSEIDOLFRIFRTLGTPDEVVWPGVTSMPDYKPSFPKWARODFSKVVPPLDEDGRSLLSOMLHYDPNKRISAKAALAHPFFOD (10) 
2. ITRKALFPGDSEIDOLFRIFRTLGTPDESIWPGVTSMPDYKPSFPKWARODLSKVVPPLDEDGRDLLGOMLIYDPNKRISAKNALVHRFFRD (10) 
3. ITRRALFPGDSEIDOLFRIFRTLGTPDEVSWPGVTTMPDYKSTFPKWIRODFSKVVPPLDEDGRDLLAOMLOYDSNKRISAKVALTHPFFRD ( 9) 
4. VTRKALFPGDSEIDOLFRIFRMLGTPSEDTWPGVTOLPDYKGSFPKWTRKGLEEIVPNLEPEGRDLLMOLLOYDPSORITAKTALAHPYFSS (17) 
5. IMRRSLFPGDSEIDOLYRIFRTLSTPDETNWPGVTOLPDFKTKFPRWEGTNMPO PITEHEAHELIMSMLCYDPNLRISAKDALOHAYFRN (25) 
6. ATKKPLFHGDSEIDOLFRIFRALGTPNNEVWPEVESLODYKNTFPKWKPGSLASHVKNLDENGLDLLSKMLIYDPAKRISGKMALNHPYFND ( 8) 
7. ATKKPLFHGDSEIDOLFRIFRALGTPNNEVWPEVESLODYKNSFPKWKGGSLSANVKNIDKDGLDLLAKMLIYDPAKRISARKALLHPYFDD (13) 
8. ATRKPLFOGDSEIDOLFRMFRILKTPTEDIWPGVTSLPDYKNTFPCWSTNOLTNOLKNLDANGIDLIOKMLIYDPVHRISAKDILEHPYFNG ( 8) 
9. CNRKPIFSGDSEIDOIFKIFRVLGTPNEAIWPDIVYLPDFKPSFPOWRRKDLSOVVPSLDPRGIDLLDKLLAYDPINRISARRAAIHPYFQE ( 1) 

consensus F GDSEIDO FR L TP WP D K FP W L L YD Rl H F 

EGFR 

1. ( 712) 
2. ( 196) 
3. ( 709) 
4. ( 720) 
5. ( 709) 
6. ( 763) 
7. (1020) 

consensus 

KKIKVLGSGAFGTVYKGLW IPEGEKVK 

KKVKVLGSGAFGTVYKGLW IPEGEKVK 

KKDRVLGSGAFGTVYKGLW NPDGENIR 

RKVKVLGSGAFGTVYKGIW IPDGENVK 

RKLKVLGSGVFGTVHKGVW IPEGESIK 

RKGGVLGMGAFGRVYKGVW VPEGENVK 

FNSAPLGTGSFGAVYKGVWKVPKHALLR 

LG G FG V KG W P 

(0) IPVAIKELREAT ( 0) 
(0) I PVA I KELREAT ( 0) 
(0) IPVAIKVLREAT ( 0) 
(0) IPVAIKVLRENT ( 0) 
(0) IPVCIKVIEDKS ( 0) 
(0) IPVAIKELLKST ( 0) 
(8) LDVAIKVILNDS (28) 

V IK 

Appendix CS(b) 

SPKAN KEILDEAYVMASVDNPHVCRLLGICLTSTVQ LIT 

SPKAN KEILDEAYVMASVDNPHVCRLLGICLTSTVQ LIT 

SPKVN OEVLDEAYVMASVDHPHVCRLLGICLTSAVO LVT 

SPKAN KEILDEAYVMAGVGSPYVSRLLGICLTSTVQ LVT 

GROSF OAVTDHMLAIGSLDHAHIVRLLGLCPGSSLO LVT 

GAESS EEFLREAYIMASEEHVNLLKLLAVCMSSOMM LIT 

SVRANIEELLOEAKIMASVMHRHCLPLIGICLSSERHCLVS 

L C S L 

1. OLMPFGCLLDYVREHKDNIGSOYLLNWCVOIAKGMNYLEDRRLVHRDLAARNVLVKTPOHVKITDFGLAKLLG AEEKEYHAEGGKVPIKWMALESILH 

2. OLMPYGCLLDYIREHKDNIGSOYLLNWCVOIAKGMNYLEERRLVHRDLAARNVLVKTPOHVKITDFGLAKLLG ADEKEYHAEGGKVPIKWMALESILH 

3. QLMPYGCLLDYVROHQERICGOWLLNWCVOIAKGMNYLEERHLVHRDLAARNVLLKNPNHVKITDFGLSKLLT ADEKEYQADGGKVPIKWMALESILQ 

4. OLMPYGCLLDHVRENRGRLGSODLLNWCMOIAKGMSYLEDVRLVHRDLAARNVLVKSPNHVKITDFGLARLLD IDETEYHADGGKVPIKWMALESILR 

5. OYLPLGSLLDHVROHRGALGPOLLLNWGVOIAKGMYYLEEHGMVHRNLAARNVLLKSPSOVQVADFGVADLLP PDDKOLLYSEAKTPIKWMALESIHF 

6. QLMPLGCLLDYVRNNRDKIGSKALLNWSTOIAKGMSYLEEKRLVHRDLAARNVLVRLLAG EDHDFGLAKLLS SDSNEYKAAGGKMPIKWLALECIRN 

7. IFVELGALDRYVKOHADELNSLTLLSWAEOIADGMSYLEMRGI IHRDLAARNVLVOTREHVOITDFGLAKMLERRDEDSVIVKAGRVPIRWLAIETLQY 

consensus G L LL W OIA GM YLE HR LAARNVL DFG L PI W A E 

1. RIYTHQSDVWSYGVTVWELMTFGSKPYDGIPASEISSILEKGERLPOPPICTIDVYMIMVKCWMIDADSRPKFRELI IEFSKMARDPORYLVI (229) 
2. RIYTHOSDVWSYGVTVWELMTFGSKPYDGIPASEISSVLEKGERLPOPPICTIDVYMIMVKCWMIDADSRPKFRELIAEFSKMARDPPRYLVI (233) 
3. WTYTHOSDVWSYGVTVWELMTFGSKPYDGIPAKEIASVLENGERLPOPPICTIEVYMI ILKCWMIDPSSRPRFRELVGEFSOMARDPSRYLVI (188) 
4. RRFTHOSDVWSYGVTVWELMTFGAKPYDGIPAREIPDLLEKGERLPOPPICTIDVYMIMVKCWMIDSECRPRFRELVSEFSRMARDPORFVVI (266) 
5. GKYTHOSDVWSYGVTVWELMTFGAEPYAGLRLAEVPDLLEKGERLAOPOICTIDVYMVMVKCWMIDENIRPTFKELANEFTRMARDPPRYLVI (364) 
6. RVFTSKSDVWAFGVTIWELLTFGORPHENIPAKDIPDLIEVGLKLEOPEICSLDIYCTLLSCWHLDAAMRPTFKOLTTVFAEFARDPGRYLAI (252) 
7. GIYSHKTDVWSYGVTLWEIFTFGKRPYEDVDTVDIKDHVIKGGRLTOPDICTLDVYMVLVKCWMEDYESRPTFIELMRTFNTFCKTPGRYLYI (388) 

consensus DVW GVT WE TFG P G L OP IC Y CW D RP F L F P R I 

Appendix C6(b) 



IR 

1. ( 6) FGMVYEGNARDI IK GEAETRVAVKTVNESASLRERIEFLNEASVMKGFTCHHVVRLLGVVSKGOPTLVVMELMAH 
2. ( 6) FGMVYEGNARDI IK GEAETRVAVKTVNESASLRERIEFLNEASVMKGFTCHHVVRLLGVVSKGOPTLVVMELMAH 
3. ( 0) FGMVYEGIAKDI IK GEPEVHVAVKTVNESASLRERIEFLNEASVMKSFSCHHVVRLIGVVSKGOPTLVIMGLMTH 
4. ( 0) FGMVYEGIAKDIIK GEPEVRVAVKTVNESASLRERIEFLNEASVMKAFNCHHVVRLLGVVSKGOPTLVIMELMAH 
5. ( 6) FGMVYEGVAKGVVK DEPETRVAIKTVNEAASMRERIEFLNEASVMKEFNCHHVVRLLGVVSQGOPTLVIMELMTR 
6. ( 0) FGMVYEGIAKGVVK DEAETKVAIKTVNEAASMRERIEFLNEASVMKEFNCHHVVRLLGVVSOGOPTLVIMELMTR 
7. ( 6) FGMVYEGLARGLEA GEESTPVALKTVNELASPRECIEFLKEASVMKAFKCHHVVRLLGVVSOGOPTLVIMELMTR 
8. ( 6) FGMVYEGILKSFPP NGVDRECAIKTVNENATDRERTNFLSEASVMKEFDTYHVVRLLGVCSRGOPALVVMELMKK 
9. (35) FGEVYEGTAVDILGVGSGEIKVAVKTLKKGSTDOEKIEFLKEAHLMSKFNHPNILKOLGVCLLNEPOYIILELMEG 

consensus FG VYEG A KT E FL EA M F GV P LM 

1. GDLKSYLRSLRP (12) LOEMIOMAAEIADGMAYLNAKKFVHRDLAARNCMVA (4) VKIGDFGMTRDIYETDY (91) 
2. GDLKSYLRSLRP (12) LOEMIOMAAEIADGMAYLNAKKFVHRDLAARNCMVA (4) VKIGDFGMTRDIYETDY (91) 
3. GDLKSYLRSLRP (12) LKEMIOMAAEISDGMAYLNAKKFVHRDLAARNCMVA (4) VKIGDFGMTRDIYETDY ( 0) 
4. GDLKSYLRSLRP (12) LKEI IOMAAEISDGMAYLNAKKFVHRDLAARNCMVA (4) VKIGDFGMTRDIYETDY ( 0) 
5. GDLKSYLRSLRP (12) LSKMIOMAGEIADGMAYLNANKFVHRDLAARNCMVA (4) VKIGDFGMTRDIYETDY (91) 
6. GDLKSYLRSLRP (12) LKKMIOMAGEIADGMAYLNANKFVHRDLAARNCMVA (4) VKIGDFGMTRDIYETDY ( 0) 
7. GDLKSHLRSLRP (12) LGEMIOMAGEIADGMAYLAANKFVHRDLAARNCMVS (4) VKIGDFGMTRDVYETDY (91) 
8. GDLKSYLRAHRP (24) YGRIYOMAIEIADGMAYLAAKKFVHRPFAARNCMVA (4) VKIGDFGMTRDIYETDY (50) 
9. GDLLTYLRKARM ( 9) LVDLVDLCVDISKGCVYLERMHFIHRDLAARNCLVS (9) VKIGDFGLARDIYKNDY (91) 

consensus GDL LR R I G .YL F HR AARNC V VKIGDFG RD Y DY 

Appendix C7(b) 

erk (MAP kinase) 

1. (18) FDVGPRYTNLSYIGEGAYGMVCSAYDNVNKVRVAIKKISPFEHOTYCORTLREIKILLRFRHENI IGINDI IRAPTIEOMKDV 

2. (21) FDVGPRYTNLSYIGEGAYGMVCSAHCNINKVRVAIKKISPFEHOTYCORTLREIKILLRFKHENI IGINDI IRAPTIEOMKDV 

3. (22) FDVGPRYTOLOYIGEGAYGMVSSAYDHVRKTRVAIKKISPFEHOTYCORTLREIOILLRFRHENVIGIRDILRASTLEAMRDV 

4. (31) FEVGPRYIKLAYIGEGAYGMVVSADDTLTNORVAIKKISPFEHOTYCORTLREITILTRFKHENI IDIRDILRVDSIDOMRDV 

5. (61) FNVSDHYOILEIVGEGAYGIVCSAIHKPSQQKVAIKKIEPFERSMLCLRTLRELKLLKHFNHENI ISILAIORPINYESFNEl 

consensus F V Y L GEGAYG V SA VAIKKI PFE C RTLRE L F HEN I I I R 

1. YIVODLMETDLYKLLKTOHLSNDHICYFLYOILRGLKYIHSANVLHRDLKPSNLLLNTTCDLKICDFGLARVADPDHDHTGFLTEYVA 

2. YIVODLMETDLYKLLKTOHLSNDHICYFLYOILRGLKYIHSANVLHRDLKPSNLLLNTTCDLKICDFGLARVADPDHDHTGFLTEYVA 

3. YIVODLMETDLYKLLKSQQLSNDHICYFLYOILRGLKYIHSANVLHRDLKPSNLLINTTCDLKICDFGLARIADPEHDHTGFLTEYVA 

4. YIVOCLMETDLYKLLKTORLSNDHICYFLYOILRGLKYIHSANVLHRDLKPSNLLLNKTCDLKICDFGLARIADPEHDHTGFLTEYVA 

5. YLIOELMETDLHRVIRTONLSDDHIOYFIYOTLRALKAMHSANVLHRDLKPLNLLLNSNCDLKICDFGLARSIASOEDNYGFMTEYVA 

consensus Y Q LMETDL Q LS DHI YF YO LA LK HSANVLHRDLKP NLL N CDLKICDFGLAR D GF TEYVA 

1. TRWYRAPEIMLNSKGYTKSIDIWSVGCILAEMLSNRPIFPGKHYLDOLNHILGILGSPSOEDLNCI INLKARNYLLSLPHKNKVPWNR 

2. TRWYRAPEIMLNSKGYTKSIDIWSVGCILAEMLSNRPIFPGKHYLDOLNHILGILGSPSQEDLNCI INLKARNYLLSLPHKNKVPWNR 

3. TRWYRAPEIMLNSKGYTKSIDIWSVGCILAEMLSNRPIFPGKHYLDOLNHILGILGSPSOEDLNCI INMKARNYLOSLPSKTKVAWAK 

4. TRWYRAPEIMLNSKGYTKSIDIWSVGCILAEMLSNRPIFPGKHYLDQLNHILGVLGSPSRDDLECI INEKARNYLESLPFKPNVPWAK 

5. TRWYRAPEIMLTFQEYTTAIDVWSVGCILAEMLSGRPLFPGRDYHNOLWLIMEVLGTPNMEDYYNIKSKRAREYIRSLPFCKKIPFSE 

consensus TRWYRAPEIML YT ID WSVGCILAEMLS RP FPG Y OL I LG P D I AR Y SLP 

1. LFPNADS ( 1) ALDLLDKMLTFNPHKRIEVEOALAHPYLEOYYDPSDEP (0) IAEAPFKFDMELDDLPKEKLKELIFEE (10) 
2. LFPNADP ( 1) ALDLLDKMLTFNPHKRIEVEAALAHPYLEOYYDPSDEP (0) VAEAPFKFEMELDDLPKETLKELIFEE ( 9) 
3. LFPKSDS ( 1) ALDLLDRMLTFNPNKRITVEEALAHPYLEOYYDPTDEP (0) VAEEPFTFAMELDDLPKERLKELIFOE (12) 
4. LFPNADA ( 1) ALDLLGKMLTFNPHKRIPVEEALAHPYLEOYYDPGDEP (0) VAEVPFRINMENDDISRDALKSLIFEE (13) 
5. LFANTNN (16) ALDLLEKLLIFNPAKRITVEDALKHPYLOLYHDPNDEP (4) IPEDFFDFDKMKDOLTIEDLKKLLYEE ( 5) 

consensus LF ALDLL L FNP KRI VE AL HPYL Y DP DEP E F D LK L E 

Appendix CB(b) 



ras 

1. (11) GGVGKSALTIOLIONHFVDEYDPTIEDSYRKOVVIDGETCLLDILDTAGOEEYSAMRDOYMRTGEGFLCV 
2. (11) GGVGKSALTIOLIONHFVDEYDPTIEDSYRKOVVIDGETCLLDILDTAGOEEYSAMRDOYMRTGEGFLCV 
3. (11) GGVGKSALTIOLIONHFVDEYDPTIEDSYRKOVVIDGETCLLDILDTAGOEEYSAMRDOYMRTGEGFLCV 
4. (11) GGVGKSALTIOLIONHFVDEYDPTIEDSYRKOVVIDGETCLLDILDTAGOEEYSAMRDOYMRTGEGFLCV 
5. (11) GGVGKSALTIOLIONHFVDEYDPTIEDSYRKOVVIDGETCLLDILDTAGOEEYSAMRDOYMRTGEGFLCV 
6. (11) GGVGKSALTIOLIONHFVDEYDPTIEDSYRKOVVIDGETCLLDILDTAGOEEYSAMRDOYMRTGEGFLCV 
7. (11) GGVGKSALTIOLIONHFVDEYDPTIEDSYRKOVVIDGETCLLDILDTAGOEEYSAMRDOYMRTGEGFLLV 
8. ( 0) GGVGKSALTIOLIONHFVDEYDPTIEDSYROOVVIDGETCLLDILDTAGOEEYSAMRDOYMRTGEGFLLV 
9. (14) GGVGKSALTIOLIONHFVEEYDPTIEDSYRKOVVIDGETCLLDILDTAGOEEYSAMRDOYMRTGEGFLLV 

10. (18) GGVGKSALTIOFIOSYFVDEYDPTIEDSYRKOVVIDDKVSILDILDTAGOEEYSAMREOYMRTGEGFLLV 
consensus GGVGKSALTIO 10 FV EYDPTIEDSYR OVVID LDILDTAGOEEYSAMR OYMRTGEGFL V 

1. FAINNTKSFEDIHHYREOIKRVKDSEDVPMVLVGNKCDLPS RTVDTKOAODLARSYGIPFIETSAKTRO( 39) 
2. FAINNTKSFEDVHHYREOINRVKDSDDVPMVLVGNKCDLPS RTVDTKOAOELAKSYGIPFIETSAKTRO( 36) 
3. FAINNTKSFEDIHHYREOIKRVKDSEDVPMVLVGNKCDLPS RSVDTKOAODLARSYGIPFIETSAKTRO( 33) 
4. FAINNTKSFEDIHOYREOIKRVKDSDDVPMVLVGNKCDLAA RTVESROAODLARSYGIPYIETSAKTRO( 39) 
5. FAINNTKSFEDIHOYREOIKRVKDSDDVPMVLVGNKCDLPA RTVETROAODLARSYGIPYIETSAKTRO( 39) 
6. FAINNSKSFADINLYREOIKRVKDSDDVPMVLVGNKCDLPT RTVDTKOAHELAKSYGIPFIETSAKTRO( 39) 
7. FAVNSAKSFEDIGTYREOIKRVKDAEEVPMVLVGNKCDLAS WNVNNEOAREVAKOYGIPYIETSAKTRM( 39) 
8. FAVNNAKSFEDISAYREOIKRVKDAEEVPMVLVGNKCDLPT RAVDMSOAREVAROYGIPFVETSAKTRM( 39) 
9. FAVNEAKSFENVANYREOIRRVKDSDDVPMVLVGNKCDLSS RSVDFRTVSETAKGYGIPNVDTSAKTRM( 34) 

10. YSVTSRNSFDELLSYYOOIORVKDSDYIPVVVVGNKLDLENEROVSYEDGLRLAKOLNAPFLETSAKOAI (151) 
consensus SF Y 01 RVKD P V VGNK DL V A P TSAK 

Appendix C9(b) 

rap (Krev) 

1. (1) REYKLVVLGSGGVGKSALTVOFVOGIFVEKYDPTIEDSYRKOVEVDCOOCMLEILD 

2. (1) REYKLVVLGSGGVGKSALTVOFVOGIFVEKYDPTIEDSYRKOVEVDCOPCMLEILD 

3. (1) REYKLVVLGSGGVGKSALTVOFVOGIFVEKYDPTIEDSYRKOVEVDAOOCMLEILD 

4. (1) REYKIVVLGSGGVGKSALTVOFVOCIFVEKYDPTIEDSYRKOVEVDGOOCMLEILD 

5. (3) REFKIVVLGSGGVGKSALTVOFVOGIFVEKYDPTIEDSYRKOVEVDSNQCMLEILD 

consensus RE K VVLGSGGVGKSALTVOFVO IFVEKYDPTIEDSYRKOVEVD CMLEILD 

1. TAGTEOFTAMRDLYMKNGOGFALVYSITAOSTFNDLODLREOILRVK DTEDVPMILVGN 

2. TAGTEOFTAMRDLYMKNGOGFALVYSITAOSTFNDLODLREOILRVK DTEDVPMILVGN 

3. TAGTEOFTAMRDLYMKNGOGFALVYSITAOSTFNDLODLREOILRVK DTDDVPMILVGN 

4. TAGTEOFTAMRDLYMKNGOGFVLVYSITAOSTFNDLODLREOILRVK DTDDVPMVLVGN 

5. TAGTEOFTAMRDLYMKNGOGFVLVYSI ISNSTFNELPDLREOILRVK DCEDVPMVLVGN 

consensus TAGTEOFTAMRDLYMKNGOGF LVYSI STFN L DLREOILRVK D DVPM LVGN 

1. KCDLEDERVVGKEOGONLAROWCNCAFLESSAKSKINVNEIFYDLVROINRKTP (14) 
2. KCDLEDERVVGKEOGONLAROWNNCAFLESSAKSKINVNEIFYDLVROINRKAP (14) 
3. KCDLEDERVVGKEOGONLAROWNNCAFLESSAKSKINVNEIFYDLVROINRKTP (14) 
4. KCDLEEERVVGKELGKNLATOF NCAFMETSAKAKVNVNDIFYDLVROINKKSP (15) 
5. KCDLHDORVISTEOGEELARKFGDCYFLEASAKNKVNVEOIFYNLIROINRKNP (14) 

consensus KCDL RV E G LA C F E SAK K NV IFY L ROIN K P 

Appendix C1 O{b) 



Gai 

1. ( 8) ERSKMIDRNLREDGEKAAREVKLLLLGAGESGKSTIVKOMKI IHEAGYSEEECKOYKAVVYSNTIOSI IAI IRAMGRLKIDFGDSARADDAROLFVLAGAAEE GFMTAELAG 

2. (13) ERSKMIDRNLREDGEKAAREVKLLLLGAGESGKSTIVKOMKI IHEAGYSEEECKOYKAVVYSNTIOSI lA I IRAMGRLKIDFGDPSRADDAROLFVLAGAAEE GFMTAELAG 

3. (13) ERSKMIDRNLREDGEKAAKEVKLLLLGAGESGKSTIVKOMKI IHEDGYSEDECKOYKVVVYSNTIOSI IAI IRAMGRLKIDFGEAARADDAROLFVLAGSAEE GVMTPELAG 

4. ( 4) ERSKMIDRNLREDGEKASKEVKLLLLGAGESGKSTIVKOMKI IHEDGYSEEECROYKVVVYSNTIOSI IAI IRAMGRLRIDFGDVARADDAROLFVLASSAEE GVMSPELAG 

5. (13) ERSKMIDKNLREDGEKAAREVKLLLLGAGESGKSTIVKOMKI IHEDGYSEEECROYRAVVYSNTIOSIUAIVKAMGNLOIDFADPSRADDAROLFALSCTAEEOGVLPDDLSG 

6. (13) ERSKOIDKSLRMDGEKAAREVKLLLLGAGESGKSTIVKOMKI IHEKGYSOEECLOYKPVVYSNAIOSMIAI IKAMGOLKIOFGHPDRAEDAROFFALAGHADE GEMSAELSG 

7. (14) ERSKNIDRALRAEGERAASEVKLLLLGAGESGKSTIVKOMKI IHDTGYSOEECEEYRRVVFSNTVOSLMVI IRAMGRLKIEFADPSRTDIAROFFTHASAADE GILLPEIVL 

8. (13) ERSKAIEKNLKEDGISAAKDVKLLLLGAGESGKSTIVKOMKI IHEDGFSGEDVKOYKPVVYSNTIOSLAAIVRAMDTLGIEYGDKERKADAKUVCDVVSRMEDTEPFSAELLS 

9. (13) RRSRRIDRHLRSESORORREIKLLLLGTSNSGKSTIVKOMKI IHSGGFNLEACKEYKPLIIYNAIDSLTRI IRALAALRIDFHNPDRAYDAVOLFALTGPAESKGEITPELLG 

10. (13) KRSKELEKKLOEDADKEAKTVKLLLLGAGESGKSTIVKOMKI IHODGYSPEECLEFKAI IYGNVLOSILAI IRAMTTLGIOYAEPSCADDGROLNNLADSIEE GTMPPELVE 

consensus RS L KLLLLG SGKSTIVKOMKI IH G N S I A L I 

1. VIKRLWKDSGVOACFNRSREYOLNDSAAYYLNDLDRIAOPNYIPTOODVLRTRVKTTGIVETHFTFKDLHFKUFDVGGORSERKKWIHCFEGVTAI IFCVALSDYDLVLAEDEEMNRM 

2. VIKRLWKOGGVOACFNRSREYOLNDSAAYYLNDLDRIAONSYIPTOODVLRTRVKTTGIVETHFTFKDLHFKMFDVGGORSERKKWIHCFEGVTAI IFCVALSDYDLVLAEDEEMNRM 

3. VIKRLWROGGVOACFSRSREYOLNDSASYYLNDLDRISOSNYIPTOODVLRTRVKTTGIVETHFTFKDLYFKUFDVGGORSERKKWIHCFEGVTAI IFCVALSDYDLVLAEDEEMNRM 

4. VIORLWEDSGVOACFSRSREYOLNDSASYYLSDIERIAOGSYIPTOODVLRTRVKTTGIVETHFTFKDLYFKUFDVGGORSERKKWIHCFEGVTAI IFCVALSDYDLLLAEDEEUNRM 

5. VIRRLWADHGVOACFGRSREYOLNDSAAYYLNDLERIAOSDYIPTOODVLRTRVKTTGIVETHFTFKOLHFKUFDVGGORSERKKWIHCFEGVTAI IFCVALSAYDLVLAEDEEUNRM 

6. IMKRLWKOVGVOECFSRSREYOLNDSAEYYLNALDRISAPGYIPTEODVLRTRVKTTGIVETHFTFKDLHFKUFDVGGORSERKKWIHCFEGVTAI IFIVAMSEYDLTLAEDOEMNRM 

7. LMKKLWADGGVOOTFARSREYOLNDSAGYYLNSLDRIAOPNYIPTOODVLRTRVKTTGI IETHFSCKOLHFKLFDVGGORSERKKWIHCFEGVTAI IFCVALSGYDLVLAEDEEUNRM 

8. AMMRLWGDSGIOECFNRSREYOLNDSAKYYLDSLDRIGAADYOPTEODILRTRVKTTGIVETHFTFKNLHFRLFDVGGORSERKKWIHCFEDVTAI IFCVALSGYDOVLHEDETTNRM 

9. VMRRLWADPGAOACFSRSSEYHLEDNAAYYLNDLERIAAADYIPTVEDILRSRDMTTGIVENKFTFKELTFKUVDVGGORSERKKWIHCFEGVTAI IFCVELSGYDLKLYEDNOTSRM 

10. VIRRLWKDGGVOACFERAAEYOLNDSASYYLNOLERITDPEYLPSEODVLRSRVKTTGI IETKFSVKDLNFRUFDVGGORSERKKWIHCFEGVTCI IFCAALSAYDMVLVEDDEVNRU 

consensus LW D G 0 F R EY L D A YYL Rl Y P D LR R TTGI E F K L F DVGGORSERKKWIHCFE VT I IF S YO L ED RU 

1. HESMKLFDSICNNKWFTDTSI ILFLNKKDLFEEKIKKSPLTICYPEYAGSNTYEEAAAYIOCOFEDLNKRKD (1) KEIYTHFTCATDTKNVOFVFDAVTDVI IKNNLKDCGLF (0) 
KEIYTHFTCATDTKNVOFVFDAVTDVI IKNNLKDCGLF (0) 
KEIYTHFTCATDTKNVOFVFDAVTDVI IKNNLKECGLY (0) 
KE I YTHFTCA TDTKNVOFVFDA VTDV I I KSNUECGL Y ( 0) 
KEIYTHFTCATDTKNVOFVFDAVTDVI IKNNLKDCGLF (0) 
KEIYSHFTCATDTNNVOFVFDAVTDVI IKNNLKDCGLF (0) 
KEIYTHLTCATDTNNVKFVFDAVTDVI IKNNLKOIGLF (0) 
KEIYSHVTCATDTNNIOFVFDAVTDVI IAKNLRGCGLY (0) 
KEIYSHFTCATDTSNIOFVFDAVTDVI IONNLKYIGLC (0) 
KEIYSHMTCATDTONVKFVFDAVTDI I IKENLKDCGLF (0) 
KEIY H TCATDT N FVFDAVTD II NL GL 

2. HESMKLFDSICNNKWFTDTSI ILFLNKKDLFEEKIKRSPLTICYPEYPGSNTYEEAAAYIOCOFEDLNKRKD (1) 
3. HESMKLFDSICNNKWFTETSI ILFLNKKDLFEEKIKRSPLTICYPEYTGSNTYEEAAAYIOCOFEDLNRRKD (1) 
4. HESMKLFDSICNNKWFIDTSI ILFLNKKDLFEEKISRSPLTICYPEYSGSNTYEEAAAYIOCOFEDLNRRKD (1) 
5. HESMKLFOSICNNKWFTDTSI ILFLNKKDLFEEKITHSPLTICFPEYTGANKYDEAASYIOSKFEDLNKRKD (1) 
6. MESMKLFDSICNNKWFTETSI ILFLNKKDLFEEKIKKSPLTICFPEYTGANTYEEAAAYIOLOFENLNKKKD (1) 
7. IESLKLFDSICNSKWFVETSI ILFLNKKDLFEEKIKRSPLTICFPEYTGTNTFEEAANYIRMKFENLNKRKD (1) 
8. HESLKLFDSICNNKWFTDTSI ILFLNKKDIFEEKIKKSPLTICFPEYTGPSAFTEAVAYIOAOYESKNKSAH (0) 
9. AESLRLFDSICNNNWFINTSLILFLNKKDLLAEKIRRIPLTICFPEYKGONTYEEAAVYIOROFEDLNRNKE (1) 

10. HESLHLFNSICNHKFFAATSIVLFLNKKDLFEEKIKKVHLSICFPEYDGNNSYDDAGNYIKSOFLDLNMRKD (1) 
consensus ES LF SICN F TS LFLNKKD EKI L IC PEY G A Yl N 
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Na+ channel (1) 

1. ( 96) KAIFAFSATSALY I LTPFNPLRKIA IKI LVHSLFSMLI MCTI LTNCVFIATI.I ( 7) KNVEYTFTGI YTFESL I K IIARGFCLEDFTFLFilP'I\NWLDFT 
2. ( 97) KA I SRFSATSAL Y I L TPFNP I RKLA I K I L VHSLFNVL I MCT I L TNCVFIATI.I ( 7) KNVEYTFTG I YTFESL I K I LARGFCLEDFTFLANP'I\NWLDFT 
3. ( 96) KA I FRFSA TSALY I LTPLNPVRK I A I K I L VHSLFSM I MCT I LTNCVFIATL ( 7) KNVEYTFTG I YTFESL I K I LARGFCLEDFTFLFilP'I\NWLDFS 
4. ( 99) KA I FRFSA TP AL YLLSPFSVVRRGA I KVL I HALFSMF 11.11 T I LTNCVAITI.I ( 7) KNVEYTFTG I YTFESL I K I LARGFCVDOFTFLFilPV!NWLDFS 
5. ( 99) KTI FRFSA TNAL YVLSPFHPVRRM VK I L VHSLFNULI MCT I LTNCVFIAAO ( 7) KYVEYTFT A I YTFESL VK I LARAFCLHAFTFLFilPWNWLDFS 
6. ( �) N II NRFNAERALY IFSPFNPI RAGA I RVFVNSAFNFF II.IFTIFSNC IAITI ( 7) K IVEYTFTGI YTFEV IVKVLSRGFC IGHFTFLFilP'I\NWLDFS 
7. ( 86) AT I FRFNAAS I LCTLSPFNC I ARIT I KVLVHPFFOLF I L I SVL I DCVAISL ( 7) PVLENTLLG I YTFE I LVKLFARGVWAGSFSFLGDPWNWLDFS 
8. ( 121) KD I FRFSASI<AIA'MILDPFNP I RRVA I Y I L VHPLFSLF I I IT I LVNC I Ll.lll.l ( 6) ESTEY I FTG I YTFESAVKVI.IARGF I LCPFTYLFilAWNWl..DFV 
9. ( 23) N I I HRFSAKRSLFLFTPRNP I RRLA VC I ATNVCFDYFLMFT I 1.1 I NCVFLAM ( 4) EFAEY I FLG I YTI.IEI.IA I KLVAGGFF I DKYTYLROAWNCLDFT 

10. ( �) NYIHRFTGTKSLFLFYPVISPARRVCVYIATNOFFDYCVUATILFNCIFLAM ( 4) EEAEYIFLAIYSIEMVIKIIAKGFLLNKYTY�PWNWLDFV 
11. ( 63) VKCI'4CFTVNRSLFVFSEDNVVRKYAKA I TEWPPFEYM I LA T I I ANC I VLAL ( 16) DDTEPYF I G I FCFEAG I K I I ALGFVFHKGSYLRNGMMIDFV 

consensus F R F C E I E K L WN OF 

1. VI TFA YV ( 7) NVSALRTFRVLRALJ<T I SV I PGU<T I VGAL I OSVKKLSDVM I L TVFQSVFAL I GLQLAIGNLRNKCVO (56) CGNSSDAGOCPEGYMCV 
2. V I TF A YV ( 7) NVSALRTFRVLRALKT I SV I PGU<T I VGAJ... I OSVKKLSDVM I L TVFCLSVF AL I GLOLFIAGNLRNKCLO (57) CGNSSDAGOCPEGY I CV 
3. VI VWA YV ( 7) NVSALRTFRVLRALKT I SV I PGLKT I VGAL I OSVKKLSDVM I L TVFCLSVFALI GLOLFIAGNLRNKCSO (57) CGNGSDAGOCPEGY I CV 
4. V I !.1M YL ( 7) N I SALRTFRVLRALKT I TV I PGLKT I VGAL I OSVKKLSDVM I L TVFU.SVF AL VGLQLRIGNLROKCVR ( 77) CGNSSDAGHCPK GYEC I 
5. VI I MA YT ( 7) NVSALRTFRVLRALKT I SV I SGLKT I VGAL I OSVKKLADVMVL TVFCLSVFALI GLQLRIGNLRHKCVR ( 43) CGNSSOAGTCPEGYRCL 
6. WT\ITY I ( 7) NVSALRTFRVLRALKT IT I FPGLKT I VRAL I ESI.IKOMGDW I L TVFSlA VFTLAGLIOLRIGNLRHKC I R ( 41) CGNNSDAGKCPEGYT<ll 
7. VTVFEVI ( 7) FIPTLOTAATLRILKIIPLNOGLKSLVGVLIHCLKOLIGVIILTLFFLSIFSLIGMGLAIGNLKHKCFR (37) CGNRIDAGOCPEGYVCV 
8. VI ALA YV ( 7) NLAALRTFRVLRALKTVA I VPGLKT I VGAV I ESVKNLFilV II L Tl.IFSLSVFALMGLO I YMGVL TEKC I K (37) CGN I SGAGOCDODYVCL 
9. V 11.11 SY I ( 13) D I TGLRTFRVLRALRTLS I I PGLKTWNALLRALFIILI SVL I L I LFU.W I FSOAGVOLFGGALAHKCVL (36) CGNATGAGPCPTNYTCL 

10. VI lliRYA ( 7) NLAGLRTFRVLRALKTVS IIIPGU<T II RPLLHSVAOLAEVMTL T I FCVI.IVFALFALOVYMGELRNKCVR (34) CGNLTGARHCPFEYVCL 
11. VVL TGI L ( 7) DLRTLRAVRVLRPLKLVSGI PSLOVVLKSI UKAI.IVPLLOIGLLLFFAI UAFAII GLEFYMGKFHKACFP (12) CGKEAPAFl.CEGDTECR 

consensus V L A LR L L L F F G C CG A C C 

1. KA GRNPNYGYTSFDTFSWAFLSLFRLMTOOFWEN L YOL TLRAAGKTYU I FFVL VI FLGSFYL I NLI LAWAUAYEEONO (346) 
2. KA GRNPNYGYTSFDTFSWAFLSLFALIITOOFWEN LYOL TLRAAGKTYU I FFVLV I FLGSFYL. I NL I LAWAUAYEEONO (335) 
3. KA GRNPNYGYTSFDTFSWAFLSLFRLI.ITOOYWEN LYOLTLRAAGKTYUIFFVLVIFLGSFYLVNLILAWAUAYEEONO (288) 
4. KT GRNPNYGYTSYDTFSWAFLALFRLMTOOYWEN LFOL TLRAAGKTYI.II FFW I I FLGSFYL I NLI LAWAMAYAEONE ( 132) 
5. KA GENPDHGYTSFDSFAWAFLALFRUHODCWER LYOOTLRSAGK I YM I FFUL VI FLGSFYL VNLI LA WAUAYEEONO ( 305) 
6. KA GRNPNYGYTNYDNFAWTFLCLFRLULOOYWEN L Y(),fTLRAAGKSYJ.IVFF II.IV I FLGSFYL. I NLI LAW AMA YEEONO ( 165) 
7. KA GINPDOGFTNFDSFGWALFALFRLMAODYPEV LYHLILYASGKVYMIFFVVVSFLFSFYMASLFLGILAUAYEEEKO (112) 
8. OGFGPNPNYGYTSFDSFGWAFLSAFRLMTODFWED LYOLVLRAAGPWHULFFIVI IFLGSFYL.VNLILAIVAUSYDELOR (369) 
9. PO I GENPNYGYTNFDS I GWSUL I SFOLL TODY'M:.D VYNKV I RAHSPWTV I YF IV I NFFGSL YLI.INLI.ILA WAT AYELEVK ( 78) 

1 0. CV GENPNHGYTNFDNAIWSUL TTFOL I TLDYWEN vm.tVLA TCGPI.ISVSFFTWVFFGSFYL I NLI.ILA WALSYEEEAE ( 1 7 5) 
11. EY WPGPNFG I TNFDN I LFA I L TVFOC I TI.IEGWTD I LYNTNDAAGNTI'INWL YF I PLI I I GSFR.ILNL VLGVLSGEFAKERE ( 127) 

consensus P G T D F F S L L 

I VLNTLFI.IAI.IEHYPMTE 
I VLNTLFUAUEHYPMTE 
I VLNTLFI.IAI.IEHYPMTQ 
I VLNTLFUAUEHYPMTE 
I VLNTLFUALEHY�TS 
I ILNTLFUSIEHHPMNE 
I ILNVCFLTLEHYPMSK 
I WNTI.IFI.IAMDHH�NK 
I VLNTVFLAUEHHG4SM 
IVLNTAFLAI.IEHHGMSE 
VALNTLCVAUVHYNOPR 

N H 

1. HFNHVL TVGNL VFTG I FT AEMFLK I I AUDPYYYFOEGWN I FDGF I VTLSL VELG.ANVE GLSVLRSFRLLRVFKLAKS'M'TLNUL I K I I GNSVGALGNL T 
2. OFSSVLSVGNL VFTG I FT AEI.IFLK I I AUDPYYYFOEGWN I FDGF I VSLSLMELGLANVE GLSVLRSFRL LRVFKLAKS'r'!PTLNI.IL I K I I GNSVGALGNL T 
3. OFSSVL TVGNL VFTG I FT AEMVLK I I AUDPYYYFOEGWN I FOG I I VSLSLMELGLANVE GLSVLRSFRLLRVFKLAKS'r'!PTLNML I K I I GNSVGALGNL T 
4. HFDNVLTVGNLVFTGIFTAEUVLKLIAUDPYEYFOOGWNIFDSI IVTLSLVELGLANVO GLSVLRSFRLLRVFKLAKS'r'!PTLNI.ILIKI IGNSVGALGNLT 
5. EFEEULOVGNLVFTGIFTAEUTFKI IALDPYYYFOOGWNIFOSI IVILSLUELGLSRUS NLSVLRSFRLLRVFKLAKSWPTLNTLIKIIGNSVGALGNLT 
6. SFOSLLSAGNL VFn IF AAEMVLK I I ALDPYYYFOOTWN I FDS I I VSLSLLELGLS�O GMSVLRSLRLLR I FKLAKSWPTLN I L I K I I CNSVGALGNL T 
7. OTNTLLNIGNLVFIGIFTAEI.IIFKI IAUHPYGYFOVGWNIFDSI.IIVFHGLIELCLANVA GMALLRLFRMLRIFKLGKYWPTFOILUWSLSNSWVALKDLV 
8. EI.IERVLKSGNYFFT ATFA I EA TI.IKL.J.IAMSPKYYFOEGWN I FDF I I VALSLLELGLEGVO GLSVLRSFRLLRVFKLAKS'r'!PTLNLL IS II.IGRTI.IGALGNL T 
9. ELKNVLKV ANYVFTTVFVLEA I LKLLAFN KQYFKSGWN I COL VVVV ASL I DLGVEGLK GVSVFRSFRLLRVFHLAOSWITMRLLLC I I LNTLGSLGYL T 

10. SFRNALDVGNKVFTS I FTFEC I VKLMALS KDFFLCGWN I FDLLI VT ASLLD I I FEL VD GLSVLRGLRLLRALKLAKSWITUKVLLS I I I ST I GALGNLR 
11. RLTTILYFAEFVFLGLFLTEUSLKI.IYGLGPRSYFRSSFNCFDFGVIVGSVFEVVWAAIKPGSSFGISVLRALRLLRIFKVTKYWSSLRNLWSLLNSMKSI ISLL 

consensus L F F E K F N D R R LR W L L 

1. LVLAIIVF IFAWGLIOLFGKSYK (11) LPR'M-iMNDFFHSFLI VFAVLCGE WI ETMWDCME ( 9) VFMMVMVI RNLWLNLFLALLLSSFS ADNLAATDD 
2. LVLAIIVFIFAWGLIOLFGKSYK (11) LPR'M-iMHHFFHSFLIVFRVLCGE WIETI.IWDCME ( 9) VfMI.IVMVIGNLWLNLFLALLLSSFS SDNLAATDD 
3. LVLAIIVFIFAWGLIOLFGKSYK (11) LPR'M-iMNDFFHSFLIVFRVLCGE WIETI.IWOCUE ( 9) VAILVMVIGNLWLNLFLALLLSSFS SDNLAATDD 
4. L VLA I I VF I FAWGLIOLFGKSYK ( 11) LPR'M-It.IHDFFHSFL I VFR I LCGE WI ETI.IWOCME ( 9) VFLI.IVMV I GNL WLNLFLALLLSSFS ADSLAASDE 
5. LVLAIIVFIFAWGLIOLFGKNYS ( 9) LPR'M-IMUOFFHAFLIIFRILCGE WIETI.IWDCUE ( 9) VFLLVMVIGNLWLNLFLALLLSSFS AONLTAPOE 
6. IVLAIIVFIFALVGFOLFGKNYK (11) LPR'M-IMNOFFHSFLIVFRALCGE WIETI.IWOCUE ( 9) VYMI.IVIIIGNLVI.ILNLFLALLLSSFS SONLSSIEE 
7. LLLFTFIFFSAAFGMKLFGKNYE (11) LPR'M-IMHDFFHSFLNVFRILCGE WVETLWOCME ( 9) FYLI.IVILIGNLLVLYLFLALV SSFS SCKDVTAEE 
8. FVLCIIIFIFAWGLIOLFGKNYH (10) LP�FTDFUHSAAIVFRVLCGE WIESUW!XliY ( 8) FFLATVVIGNLWLNLFLALLLSNFG SSSLSAPTA 
9. IILIIVIYIFAVTGLOLFHTEYT ( 8) VP�FNDFLHSAIUVFRILCGE WIEPMYDCliR ( 8) IFIPVTVFGKTLFF LFIGLVLGAFG SDTVEOEVE 

10. Ll LV I VI Y IFAVIGMOLFSKOYT (18) LNRWNFNDFFHSAII.IIFR I LCGE WI EPLWOCNA (12) I FLPTLVI.IGNFUVLNLFLALLLNSFN SEELKSKKE 
11 . FLLFLF I VVFALLGMOLFGGOFN ( 4) TPITNFDTFPAA I L TVFO I L TGEOWNAVUYHG IE ( 13) YF I VL TLFGNYTLLNVFLA I AVDNLANAOELTKDEE 

consensus L A G LF F F L GE W F 

Appendix C14(b) 



Na+ channel (2) 

1 . D (20 1 ) RRTCFR I VEHNWFETF I VFM I U.SSGALAFED I Y I DORKT I KTMLEYADKVFTY IF I LEMU.KI'N A YG YO TYFTNAI'ICWLDFL I VDVSL VSL T 
2. D (200) RKTCYKIVEHNWFETFIVFMIU.SSGALAFEDIYIEORKTIKTMLEYADKVFTYIFILEMU.KWVAYG FO MYFTNAI'ICWLDFLIVDVSLVSLT 
3. D (197) RKTCYSIVEHNWFETFIVFMILLSSGALAFEDIYIEORKTIKTMLEYADKVFTYIFILEMLLKI'IVAYG FO TYFTNAI'ICWLDFLIVDVSLVSLV 
4. D (204) RRACFK I VEHNWFETF I VFM I LLSSGALAFED I Y I EORRV I RT I LEY AOKVFTY IF I MEMLLKI'IV A YG FK VYFTNAI'ICWLDFL I VDVS I I SL V 
5. D (241) RKTCYH I VEHSWFETF I I FM I LLSSGALAFED I YLEERKT I KVLLEY AOKMFTYVFVLEMLLKWV A YG FK KYFTNAWCWLDFLI VDVSLVSL V 
6. D (185) RRTCYT IVEHDYFETFII FM I LLSSGVLAFED I YIWRRRVI KVI LEYADKVFTYVF IVEMU.KI'IVAYG FK RYFTDAWCWLDFVIVGAS IMGI T 
7. N (181) RKTCCKIVENNWFKCFIGLVTLLSTGTLAFEDIYIDORKTIKILLEYADMIFTYIFILEMLLKWMAYG FK AYFSNGWYRLDFVVVIVFCLSLI 
8. D (213) R..KTFRLIEDKYFETAV I n.ll LMSSLALALEDVHLPORP I LODI L YYt.IORI FTVIFFLEMLI KWLALG FK VYLTNAWCWLDFV IVt.IVSL INFV 
9. V ( 128) ffiQLJAMVCENKYFETGVL VI I FASS I LLAFED I YLNEKPRLKLA I FYLD I TFCLLFFLE.MVLKL VALG FV HYYTHFWT I LOFT IV I I TV ISLA 

10. A (177) RTAVL TWDTPAFEWFVLVL I FASS I TLCFED I NLDKNKTLKRVLYW I NFSFCL IFVVEM I LK'n'-ALG FS KYFTSFWT I LDF IIVFVSVFSLL 
11. E (415) RRFCHY I VTt.IRYFEW I LW I ALSS I ALMEDP VRIDSPRNNALKYLDY I FTGVFTFEt.IV I KM I OLGLU.HPGAYFRDLI'IN I LDF I WSGALVAFA 

consensus R F S L ED F F EM K G Y W LDF V 

1. A (11) KSLRTLRALRPLRALSRFEGMRVWNALLGAIPSit.INVLLVCLIFWLIFSIMGVNLFAGKFYH CVNTT (26) RWKNVKVNFDNVGFGYLSLLOVA 
2. A ( 11 ) KSLRTLRALRPLRALSRFEGMRVWNALLGA IPS I MNVLL VCLI FWL I FS I MGVNLFAGKFYH C I NYT (26) RWKNVKVNFDNVGLGYLSLLOVA 
3. A ( 11) KSLRTLRALRPLRALSRFEGMRVWNAL VGA IPS I t.INVLLVCL I FWL I FS I MGVNLF AGKFYH CVNTT (23) RWKNVKVNFDNVGAGYLALLOVA 
4. A ( 11) KSLRTLRALRPLRALSRFEGMRVWNALLGA IPS I t.INVLL VCLI FWL I FS I MGVNLF AGKFYY C I NTT (25) R'M...NVKVNYDNVGLGYLSLLOVA 
5. A ( 11 ) KSLRTLRALRPLRALSRFEGMRVWNAL VGA IPS I LINVLL VCL I FWL I FS I MGVNLF AGKFGR C I NOT (26) YWTKVKVNFONVGAGYLALLOVA 
6. S ( 11 ) KNLRT I RALRPLRALSRFEGMKVWRALLGA IPS I LINVLL VCLMFWL I FS I MGVNLF AGKFYR C I NTT (25) RYNNLKVNYONAGUGYLSLLOVS 
7. G ( 6) KPL I SMKFLRPLRVLsrFEF\IKVWRAL I KTTLPTLNVFL VCLI.II WL I FS II.IGVDLF AGRFYE C I OPT ( 25) L'r\ENAKI.INFONVGNGFLSLLOVA 
8. A ( 11 ) Kn.IRTLRALRPLRAMSF\IOGMRVWNAL VOA I PS I FNVLL VCL I FWL I FA I LIGVOLFAGKYFK CEDMN (20) TI'IVNSAMNFDHVGNA YLCLFOVA 
9. A ( 11 ) RSLRTLRALRPLRAVSRI'KJGMK I I VNALMLS IPS I FNVLL VCWFWLI FA I LIGVOLFAGKFYK CVNET (20) TI'NNSNVNFONVGGAFLALFOVA 

10. I ( 9) RSLRTLRALRPLRAISRf«)Q..R IWNAUIYAIPS IFNVLLVCLVFWLI FSit.IGVOFFGGKFLSAL IN II (19) 1WI NSK I TFDHVGUGYLALLOVA 
11. F (11) KSLRVLRVLRPLKT I KR..PKLKAVFDCWNSLKNVLN ILl VYMLFMF I FAY I AVOLFKGKFFY CTDES (24) OWKKYOFHYDNVLWALLTLFTVS 

consensus LRPL N V IF V F G W D L L V 

1. TFKGWUOILIYAAVDSRNVELOPKYEESLYt.IYLYFVIFI IFGSFFTLNLFIGVI IDNFNOOKKK (37) FOGMVFDFVTROVFDISIMILICLNMVTt.ILIVETODO 
2. TFKGWUD I t.IY AA VDSRNVELOPKYEONL Yt.IYL YFV I F I I FGSFFTLNLF I GV I I DNFNOOKKK ( 37) FOGMVFDFVTKOVFD I S I 1.1 I L I CLNMVTLIIIVETDDO 
3. TFKGWUD I t.1Y M VOSRDVKLOP I YEENL Yt.IYL YFV 1 F I I FGSFFTLNLF I GV I I DNFNOOKKK ( 3 7) FOGMVFDFVTROVFD IS I 1.1 I L I CLNLIVTLILIVETODO 
4. TFKGWUDit.IYAAVDSREKEEOPOYEVNLYLIYLYFVIFIIFGSFFTLNLFIGVI IDNFNOOKKK (37) IOGMVYDLVTKOAFDITILIILICLNLIVTt.IIIVETODO 
5. TFKG\'1\40 I t.IYMVDSRGYEEOPOWEYNL YMY I YFV IF I I FGSFFTLNLF I GV I I ONFNOOKKK (37) YOGF J FD I VTKOAFDVT I MFL I CLNMvn.tLIVETDDO 
6. TFKGWUD I t.IY MVDSREVEro> I YE I NVYI.IYL YFV IF I VFGAFFTLNLF I GV I I ONFNROKOK (37) VCi:JWYD I VTOPFTD IF I MAL I C I NLIVAI.IIIVESEDO 
7. TFNGWITI t.INSAI DSVAVN I OPHFEVNIYMYCYF I NF IIFGVFLPLSML I TV II DNFNKHK I K (37) LOGF I FDVVTSOAFNVI VMVLICFOA IAI.ILII DIDVO 
8. TFKGWIO I MNDAI DSREVDKOPIRETNI YMYL YFVFF IIFGSFFTLNLF IGVII DNFNEOKKK (38) POAIVFE I VTDKKFDIIIMLFIGLNMFTMTLDRYDA 
9. TFEGWUEIMADAVDVTEVDEOPKFEATVYYYFYFVLFIIFGSFFVLNLVIGVIIDKFSFLKKK (39) COAWYDLVMSNOFEIFITIIIITNMIFMAFEHYNO 

1 0. TFEGWNEVMADAVDARGVDLOPRREANL YAY I YFV IF I VCGSFFTLNLF I GV I I DNFNMLRRS ( 39) FLAMFYDLSNSRRFE I A I FVLI FLNML n.IG I EHYDO 
11 . TGEGWPtoiVLKHSVDA TYEEOGPSPGYFf.IELS I FYWYFWFPFFFVN I FV ALI I I TFOEOGDK (34) FOYK1WTFWSPPFEYF I MAI.II ALNlWLW.IKFYDA 

consensus T GW 0 P F I I F I 

1. SDYVTSI LSRINLVFIVLFTGECVLKLISLR HYYFT IGWN IFDFWVILSIVGMFLAEL I EK (7) 
2. SOBITN I L YW I NLVF I VLFTGECVLKLI SLR HYYFT I GWN I FDFVVV I LSI VGMFLAELI EK (7) 
3. SKYt.ITL VLSR I NL VF I VLFTGEFLLKLI SLR YYYFT I GWN I FDFWV I LSI VGMFLAEL I EK (7) 
4. SOLKVDILYNI!f.IIFIIIFTGECVLKMLALR OYYFTVGWNIFDFWVILSIVGLALSOLIOK (7) 
5. SPEK IN ILAK I NLLFVA IFTGECIVKLAALR HYYFTNSWNIFOFWVI LSI VGTVLSD II OK (7) 
6. SOVKKDILSOINVIFVIIFTVECLLKUALR OYFFTVGWNVFDFAVVVISIIGLLLSDIIEK (7) 
7. SUJ.IS I AL YW INS I FVt.ILYTMEC I LKL I AFR CFYFT I AWN I FDFMW I FS I TGLCLPMTVGS ( 7) 
8. SDTYNAVLDYLNAIFWIFSSECLLKIFALR YHYFIEPWNLFDWVVILSILGLVLSDIIEK (7) 
9. SEVVTEVLATANIAFTILYAVEAIIKIIGLR IHYLRNLWNVFDFLVVTLSVMDAFLNDIFGD (8) 

10. PHAVFFILEVSNAFFTTVFGLEAIVKIVGLR YHYFTVPWNSVDFLLVLASIFGILMEDIMID (7) 
11. PYEYELMLKCLN I VFTSMFSMECVLK I I AFGVLNYFRDAWNVFDFVTVLGS I TOll VTE I AET (5) 

consensus L N F E K WN D V S 

FRVIRLARIGRILRLIKGAKGJRTLLFALMMSLPALF 
FRVIRLARIGRILRLIKGAKGIRTLLFALMMSLPALF 
FRVIRLARIGRILRLIKGAKGIRTLLFALt.IUSLPALF 
FRVIRLARIGRVLRLJRGAKGIRTLLFALMMSLPALF 
FRVIRLARIGRILRLIRGAKGIRTLLFALMMSLPALF 
FRVIRLARIARVLRLIRAAKGIRTLLFALMMSLPALF 
VOLILLSRI IHMLRLGKGPKVFHNLMLPLMLSLPALL 
LRWRVAKVGRVLRLVKGAKGIRTLLFALAMSLPALF 
LRVARMFRIGRI IRLIKWAKGMRKLLFALVISLPALF 
LRVVRVFRIGRILRLIKAAKGIRKLLFALWSLPALF 
LSFLRLFRAARLIKLLROGYTIRILLWTFVOSFKALP 

L L S AL 

1. NIGLLLFLVMFIYAIFGMSNFAYVKRE VGIDOMFNFETFGNSMICLFOITTSAGWDGLLAPIL (25) SVGIFFFVSYI I ISFLWVNMYIAVILE (222) 
2. N I GLLLFLVMF IYA IFGMSNFAYVKRE VG I DOt.IFNFETFGNSMICLFOITTSAGWDGLLAPI L (25) SVGI FFFVSYIIISFLWVNMYI A VILE (228) 
3. N IGLLLFLVMF IYA I FGMSNFAYVKKE AG I DDMFNFETFGNSMI CLFO ITTSAGWDGUAPIL (25) SVGIFFFVSY I IISFLWVNMY I AVI LE (228) 
4. NIGLLLFLVMFIYSIFGMSNFAYVKKE SGIDOt.IFNFETFGNSIICLFEITTSA�LLNPIL (25) SIGICFFCSYIIISFLIWNI.IYIAIILE (237) 
5. NIGLLLFLVMFIYSIFGMANFAYVKWE AGIDDt.IFNFOTFANSMLCLFOITTSAGWDGLLSPIL (24) AVGILFFTTYI I ISFLIVVNt.IYIAI ILE (243) 
6. NIGLLLFLit.IFIFSIFGMSNFAYVKKO GGVOOIFNFETFGNSMICLFEITTSAGWDGLLLPTL (25) GKGITFFCSYIILSFLVWNt.IYIAIILE (252) 
7. NIILLIFLVt.IFIYAVFGUYNFAYVKKE AGINDVSNFETFGNSMLCLFOVAIFAGWDGt.ILDAIF (25) SVGIFYFVSYILISWLIIVNMYIWVI.IE (185) 
8. N ICLLLFLVMF IFAIFGMSFFMHVKEK SGINDVYNFKTFGOSM I LLFOt.ISTSA�VLDAII (21) TVG I TFLLSYLVISFLI VINMY lAY I LE ( 3) 
9. NIGALLMLVMFIYTIIGMSSFGOIKLS GALNDOVNFOTFGKTFLLLVRLATSAGWNDILGPLL (29) 'n'-AISYLIVSYIIIVFMIVFNMYIAVILE (170) 

10. NIGALLGLITFIYAILGMSLFGNVKLO GALDOt.IVNFOTFGRSMOLLFOLMTSAGWNDVLESLM (21) LLAITYFTSFIIISYMIVINMYIAIILE ( 62) 
11. YVCLLIAMLFFIYAIIGMOVFGNIALDODTSINRHNNFRTFLOALMLLFRSATGEAWHEIMLSCL (16) DFAYFYFVSFIFLCSFLMLNLFVAVIMD (630) 

consensus l Fl GM F NF TF l 1'1 N 

Appendix C14(b) (Continued) 
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Na+-K+ pump (1) 

1. (30) DUDELKKEVSMDOHKLSLDELHRKYGTDLSRGLTSARAAEILARDGPNALTPPPTTPEWIKFCROLFGGFSULLWIGAILCFLAYSIOAAT EEEP 
2. (28) DUDELKKEISUDDHKLSLDELHRKYGTDLSRGLTTARAAEILARDGPNTLTPPPTTPEWVKFCROLFGGFSLLLWIGSLLCFLAYGITSVW EGEP 
3. ( 32) DUDELKKEVlliEDHKLSLDELHRKFGTDUOOGL TT ARAAE I LARDGPNAL TPPPTTPEWVKFCROLFGGFSULLW I GA I LCFLA YG I QA.A.M EEEP 
4. (30) DUEEU<KEVT\IEDHKJHLEEUlRKYGTDL TRGL TT ARAAE I LARDGPNALTPPPTTPEWVKFCROLFGGFSULLW I GA I LCFLAYG I RKAS CliP 
5. (33) DUDELKKEVOLDOHKLSLEELHHKYGTDLSKGLSNSRAEE I LARDGPNAL TPPPTTPEWVKFCKOMFGGFSULLWTGAVLCFLAYG I LAAU EDEP 
6. (28) ELDELKKEVAMDOHKLSLDELGRKYOVOLSKGL TNORAODVLARDGPNAL TPPPTTPEWVKFCROLFGGFS I LLWI GA I LCFLAYG I OA.A.M EDEP 
7. ( 25) ELDELKKEVNLDOHKLSLDELGRKYOVOLSRGLSNARMEVLAODGPNAL TPPPTTPEWVKFCROLFGGFS I LLW I GA I LCFLA YG I QA.A.M EDEP 
8. (18) DLDDLKKEVAMTEHKMSVEEVCRKYNTDCVOGLTHSKAOEILARDGPNALTPPPTTPEWVKFCROLFGGFSILLWIGAILCFLAYGIOAGT EDDP 
9. ( 17) DLDDLKKEVAMTEHKMS I EEVCRKYNTDCVOGL THSKAOE I LARDGPNAL TPPPTTPEWVKFCROLFGGFS I LLWI GA I LCFLAYG I OAGT EDEP 

1 0. ( 30) DLDELKKEVSLDDHKLNLDELHOKYGTDL TOGL TP ARAKE I LARDGPNAL TPPPTTPEW I KFCROLFGGFS I LLWTGA I LCFLA YG I OVA T VONP 
11. (48) NLDDLKOELDIOFHKISPEEYYORFOTHPENGLSHARAKENLERDGPN LTPPKOTPEWVKFCEDLF GVAMLLWIGAILCFVAYSIOAST SEEP 
12. ( 10) DLNELKKELD I OFHK I PI EECYORLGSNPETGL TNAOARSN I ERDGPNCL TPPKTTPEW I KFCKNLFGGF ALLLWTGA I LCFLA YG I EASSGNEDM 
13. ( 7) OLSDLKKELELOOHK I PLEELCRRLGTNTETGLTSSOAKSHLEKYGPNAL TPPRTTPEW I KFCKOLFGGFOULLW I GS I LCF I AYn.tEKYK NPDV 
14. (36) KLEDLKKELEMTEHSUKLESLLSUYETSLEKGLSENIVARNLERDGLNALTPPKOTPEWVKFCKOMFGGFSMLLWIGAILCFFAFGIRAVR DTNP 

consensus LK E H GL G N LTPP TPEW KFC F G LLW G LCF A 

1. ONDNL YLGVVLSAW I I TGCFSYYOEAKSSK II.IESFKI'IIVPOOAL VI RNGEKI.IS I NAEEVWGDLVEVKGGDR I PAOLA I I SANGCKVDNSSL TGESEPOT 
2. NSDNLYLGWLAAW I I TGCFSYYOEAKSSK I MESFKtiiVPOOAL WRNGEKI.IS I NAEGVWGDLVEVKGGDR I PAOLA II SAHGCKVDNSSL TGESEPOT 
3. QNONL YLGVVLSA WI I TGCFSYYOEAKSSK II.IESFIOIIVPOOAL VI RSGEKLS I NAEEVVLGDL VEVKGGDR I PADLRV I SSHGCKVDNSSL TGESEPOT 
4. DNONLYLGVVLSAW I I TGCFSYYOEAKSSR II.IESfm.IVPOOAL VI RNGEKLS I NAENWCXiDL VEVKGGDR I PAEl..R I I SAHGCKVDNSSL TGESEPOT 
5. ANDNLYLGVVLSA WI I TGCFSYYOOAKSSK I MDSFKNL VPOOAL WRDGEKKO I NAEEW I GDLVEVKGGDR I PAEl..R I I SSHGCKVDNSSL TGESEPOT 
6. SNDNL YLGVVLAA WI VTGCFSYYOEAKSSK I MDSFKtiiVPOOAL VI REGEKJ.IO I NAEEVWGDLVEVKGGDRVPAEl..R I I SSHGCKVDNSSL TGESEPOT 
7. SNDNL YLGVVLAA W I VTGCFSYYOEAKSSK I t.IDSFKtiiVPOOAL VI REGEK I 0 I NAENVVVGDL VEVKGGDRVP A!),� A I I SSHGCKVDNSSL TGESEPOT 
8. SCilNL YLG I VLAA WI I TGCFSYYOEAKSSK II.IESFKtiiVPOOAL VI AEGEKLIOVNAEEVWGOLVE I KGGDRVPAOLR I I SAHGCKVDNSSL TGESEPOT 
9. SNDNLYLGIVLAAWI ITGCFSYYOEAKSSKII.IESFKNUVPOOALVIREGEKLIOLNAEEVVVGDLVEVKGGDRVPAEl..RIISAHGCKVDNSSLTGESEPOT 

10. ANDNLYLGVVLSTWI ITGCFSYYOEAKSSKIMDSFKNUVPOOALVIRDGEKSSINAEOWVGOLVEVKGGDRIPADLRIISACSCKVDNSSLTGESEPOS 
11 . ADDNLYLG I VLSA WI VTGVFSYYOESKNSK I MESFKMIYPOFA TV I REGEKPSLRAEDL VLGVL VELEFCilL I PL VYR I I EARDFKVDNSSL TGESEPOS 
12. LKDNLYLGIVLATVVIVTGIFSYYOENKSSRII.IDSFKNLVPOYALALREGORVTLKAEELTUGOIVEVKFGDRVPADLRVLEARSFKVDNSSLTGESEPOA 
13. LCilNLYLGLALLFVVIUTGCFAYYODHNASKIMDSFKNLUPOFAFVIAOGKKIOLKAEEVTYGDLVEVKFGDRIPADIAITSCOSI.IKVDNSSLTGESEPOS 
14. NMDELYLGIVLSVVVIITGCFSYYOESKSSKIMESFKKMIPOEALVLRDGKKITINAEOCVVGDVVFVKFGDRIPADIRIVECKGLKVDNSSLTGESEPOS 

consensus D LYLG L VVI TG F YYO S 11.1 SFK PO A R G AE G V GO P A KVDNSSLTGESEPO 

1 . RSPOFTNENPLETRN I AFFSTNCVEGT A� I WYTGDRTVJ.IGR I ATLASGLEGGOTP I ME I EHF I HI I TGV A VFLGVSFF I LSL I LEYTM...EA VI FL I G I 
2. RSPDFSNENPLETRNIAFFSTNCVEGTAVGIVISTGDRTVUGRIASLASGLEGGKTPIAI.IEIEHFIHLITGVAVFLGVSFFILSLILEYTWLEAVIFLIGI 
3. RSPDFTNENPLETRNIAFFSTNCVEGTARGIVVNTGDRTVUGRIATLASGLDGGRTPIAIEIEHFIHIITGVAVFLGVSFFILSLILOYTWLEAVIFLIGI 
4. RSPDFTNENPLETRNIAFFSTNCVEGTA�IVINTGDRTVUGRIATLASGLEGGOTPIAVEIGHFIHI ITGVAVFLGVSFFILSLILHYTWLEAVIFLIGI 
5. RSPDFSNDNPLETKNIAFFSTNCVEGTAAGIVISTGDRTVJ.IGRIATLASGLEVGRTPISIEIEHFIHI ITGVAVFLGVSFLLLSLVLGYSWLEAVIFLIGI 
6. RSPEFTHENPLETRN I CFFSTNCVEGTAffi IV I ATGDRTVJ.IGR I ATLASCl..EVGRTP I AME I EHF I OL I TGV A VFLGVSFFVLSL I LGYSWLEA VI FL I G I 
7. RSPEFTHENPLETRN I O:FSTNCVEGT Affi IV I STGDRTVJ.IGR I ASLASGLEVGRTP I AYE I EHF I RL I TGV A VFLGLSFF I LSL I LGYTWLEA VI FL I G I 
8. RSPDCTHDNPLETRNITFFSTNCVEGTARGVVVATGDRTVUGRIATLASCl..EVGKTPIAIEIEHFIOLITGVAVFLGVSFFILSLILGYTWLEAVIFLIGI 
9. RSPDCTHDNPLETRNITFFSTNCVEGTARGVVIATGDRTVMGRIATLASCl..EVGKTPIAVEIEHFIOLITGVAVFLGISFFVLSLILGYTWLEAVIFLIGI 

10. RSPEYSSENPLETKNIAFFSTNCVEGTARGIVINIGDHTVUGRIATLASGLEVGOTPIAAEIEHFIHIITGVAVFLGVSFFILSLILGYTWLEAVIFLIGI 
1 . RGAEFTHENPLETKNLAFFSTNAVEALPKGVVISCGDHTVMGRIAALASGLDTG TPIAKEIHHFIHLITGVAVFLGVTFFVIAFILGYHWLDAVIFLIGI 
12. RSPEFTNDNPLETKNLAFFSTNAVEGTI.IRGIVIGIGDNTVUGRIAGLASCl..DTGETPIAKEIAHFIHIITGVAVFLGVTFFI IAFVLGYHWLDAVVFLIGI 
13. RSTECTNDNPLETKNLAFFFTNTLEGTGRGIVINVGDOSVMGRIACLASSLDSGKTPIAREIEHFIHIITAMAVSLAAVFAVISFLYGYTWLEAAIFI.IIGI 
14. RAVDFTHENP I ETKNLAFFSTNAVEGT A TG I WR I GDNTVUGR I ANLASCl..GSGKTP I ALE I EHF I HI VTGV A VFLGVSFL I I SLAI.IGYHWLEA I I FLI G I 

consensus R NP ET N FF TN E G V GO VMGAIA LAS L G TPI El HFI T AV L F Y WL A F IGI 

1. IVANVPECl..LATVTVCLTLTAKRMARKNCLVKNLEAVETLGSTSTICSDKTGTLTONRMTVAHMWFDNOIHEADTTENOSGVSFDKTSATWLALSRIAGLC 
2. IVANVPEGLLATVTVCLTLTAKRMARKNCLVKNLEAVGTLGSTSTICSDKTGTLTONRMTVAHMWFDNOIHEADTTENOSGASFDKSSATWLALSRIAGLC 
3. IVANVPEGLLATVTVCLTLTAKRMARKNCLVKNLEAVETLGSTSTICSDKTGTLTONRMTVAHMWFDNOIHEADTTENOSGASFDKSSPTWTALSRVAGLC 
4. IVANVPECl..LATVTVCLTLTAKRMARKNCLVKNLEAVETLGSTSTICSDKTGTLTONRUTVAHWWFDNOIHEADTTENOSGASFDKSSPTWTALARIAGLC 
5. IVANVPEGLLATVTVCLTLTAKRMAKKNCLVKNLEAVETLGSTSTICSDKTGTLTQNRMTVAHUWFDNOIHEADTTENOSGTSFDRSSDTWASLARIAGLC 
6. IVANVPECl..LATVTVCLTLTAKRMARKNCLVKNLEAVETLGSTSTICSDKTGTLTONRMTVAHMWFDNOIHEADTTEDOSGATFDKRSPTWTALSRIAGLC 
7. IVANVPEGLLATVTVCLTLTAKRMARKNCLVKNLEAVETLGSTSTICSDKTGTLTONRUTVAHMWFDNOIHEADTTEDOSGATFDKRSPTWAALSRIAGLC 
8. IVANVPEGLLATVTVCLTVTAKRMARKNCLVKNLEAVETLGSTSTICSDKTGTLTONRMTVAHUWFDNOIHEADTTEDOSGTSFDKSSHTWVALSHIAGLC 
9. IVANVPEGLLATVTVCLTLTAKRMARKNCLVKNLEAVETLGSTSTICSDKTGTLTONRMTVAHI.IWFDNOIHEADTTEDOSGTSFDKSSATWVALSHIAGLC 

10. IVANVPEGLLATVTVCLTLTAKRt.IARKNCLVKNLEAVETLGSTSTICSDKTGTLTONRMTVAHt.IWFDNOIHEADTTENOSGISFDKTSLSWNALSRIAALC 
11. IVANVPEGLLATVTVCLTLTAKRMASKNCLVKNLEAVETLGSTSTICSDKTGTLTONRMTVAHt.IWFDNOI IEADTTEDOSGVOYDRTSPGFKALSRIATLC 
12. IVANVPEGLLATVTVCLTLTAKRMASKNCLVKNLEAVETLGSTSTICSDKTGTLTONRMTVAHUWFDGTITEADTTEDOSGAOFDKSSAGWKALVKIAALC 
13. IVAKVPEGLLATVTVCLTLTAKRMAKKNCLVRNLEAVETLGSTSTICSDKTGTLTONRMTVAHMWFDOKIVTADTTENOSGNOLYRGSKGFPELIRVASLC 
14. IVANVPECl..LATVTVCLTLTAKKMAKKNCLVKHLEAVETLGSTSVICSDKTGTLTONRMTVAHI.IWFDKMIVEADTTEDOSGIAHDKGSLTWKSLAKVAALC 

consensus IVA VPEGLLATVTVCLT TAK I.IA KNCLV LEAV TLGSTS ICSDKTGTLTONRMTVAHMWFD I ADTTE OSG S L A LC 

1 . NRA VFOANOENLP I LKRA VAGDASESALLKC I ELCCGSVKEMRERY AK I VE I PFNSTNKYOLS I HKNPNT ( 5) LL VMKGAPER I LDRCSS I LLHGKEOP 
2. NRAVFOANOENVPILKRAVAGDASESALLKCIELCCGSVKEMRERYPKWEIPFNSTNKYOLSIHKNANA (5) LLVMKGAPERILDRCDSILIHGKVOP 
3. NRAVFOAGOENTPILKROVAGDASESALLKCIELCCGSVRDt.IREKNHKVAEIPFNSTNKYOLSVHKNANP (5) ILVMKGAPERILDRCTSI ILOGKEOP 
4. NRAVFPAGOENTPILKRDVVGDASESALLKCIELCCGSVKDt.IREKNOKVAEIPFNSTNKYOLSVHKNANP (5) LLVMKGAPERILDRCSSILLOGKEOP 
5. NRA VFLAEG I DVP I LKROVAGDASESALLKC I ELCCGSVKEMREKFTKV AE I PFNSTNKYOLSVHK I PSG ( 6) LL VMKGAPER I LDRCA TIM I OGKEOL 
6. NRA VFKAGOEN I SVSKRDTAGDASESALLKC I ELSCGSVRKMRDRNPKV AE I PFNSTNKYOLS I HE REDS ( 4) VL VMK�R I LDRCST I L VOGKE I P 
7. NRA VFKPGOEN IS I SKRDTAGDASESALLKC I OLSCGSVKKI.IRDKNPKVTE I PFNSTNKYOLS I HEREED ( 4) I L VMKGAPER I LERCSR I LLOGOEVP 
8. NRAVFKGGODNIPVLKRDVAGDASESALLKCIELSSGSVKLI.IRERNKKVAEIPFNSTNKYOLSIHETEDP (5) LLVMKGAPERILDRCSTILLOGKEOP 
9. NRA VFKGGOENVP I LKRDVAGDASESALLKC I ELSSGSVKVMRERNKKVAE I PFNSTNKYOLS I HETEDP ( 5) LL VMKGAPER I LDRCST I LLOGKEOP 

10. NRAVFOAGODSVPILKRSVAGDASESALLKCIELCCGSVSOt.IRDRNPKIVEIPFNSTNKYOLSIHENDKA (4) LLVMKGAPERILDRCSTILLNGEDKP 
11 . NRAEFKGGODGVP I LKKEVSGDASEAALLKCUELALGDVMN I RKRNKK I AEVPFNSTNKYOVS I HETEDT (5) LL VMKGAPER I LERCST I F I NGKEKV 
12. SRAEFKPNOSTIP I LKREVTGDASEAA I LKCVEL TTGETEA I RKRNKK ICE I PFNSANKFOVS I HENEDK (5) LL VMKGAPER I LERCST I AINGKE I D 
13. SRAEFKTEHAHLPVLKRDVNGDASEAA I LKFAEMSTGSVMN I RSKOKKVSE I PFNSANKYOVSVHEREDK (3) FLVMKGAPER I LERCST I L I DGTE I P 
14. SRAEFKPNONDVAVLRKECTGDASETAILKFVELSVGNVMDIRAKNKKVTEIPFNSTNKYOVSVHEOENS (3) LLVMKGAPEKVLERCSTILINGEEOP 

consensus RA F GDASE A LK G R K E PFNS NK 0 S H L VMKGAPE L RC I G 

Appendix C16(b) 



Na+-K+ pump (2) 
1 . LDEELKDAFONA YLELGGLGERVLGFCHLFLPOE<FPEGFOFDTDD VNFP I DNLCFVGLI SM I DPPRAA VPDAVGKCRSAG I KV II.IVTGDHP IT AKA I AK 
2. LDEE I KDAFONA YLELGGLGERVLGFCHLALPDOO:PEGFOFDTDE VNFPVEJ<LCFVGUISM I DPPRAA VPDAVGKCRSAG I KV II.IVTGDHP IT AKA I AK 3. LDEELKDAFONAYLELGGLGERVLGFCHLALPODOFPDGFOFDTEE VNFPTENLCFVGLISNIDPPRAAVPDAVGKCRSAGIKVII.IVTGDHPITAKAIAK 4. UHL.KDAFONA YLELGGLGERVLGFCHLLLOOE<FPOGFSFDTED VNFPTEGLCFVGLI SN I DPPRAA VPDRVGKCRSAG I KV II.IVTGDHP IT AKA I AK 
5. LDDEIKESFONAYLELGGLGERVLGFCHFYLPOEOFPEGFOFDADD VNFPTENLCFVGLMSNIDPPRAAVPDAVGKCRSAGIKVII.IVTGDHPITAKAIAK 
6. LDKEUODAFONAYUELGGLGERVLGFCOLNLPSGKFPRGFKFDTOE LNFPTEJ<LCFVGLMSNIDPPRAAVPOAVGKCRSAGIKVII.IVTGDHPITAKAIAK 
7. LDEEUKEAFONAYLELGGLGERVLGFCHLYLPPDKFPRGFRFOADE VNFPTSDLCFVGUISNIDPPRAAVPDAVGKCRSAGIKVII.IVTGDHPITAKAIAK 
8. LDEEMKEAFONAYLELGGLGERVLGFCHYYLPEEOYPOGFAFDCDD VNFTTDNLCFVPLI.ISNIGPPRAAVPDAVGKCRSAGIKVII.IVTGDHPITAKAIAK 
9. LDEEUKEAFONAYLELGGLGERVLGFCHFYLPEEOYPKGFAFDCDD VNFATDNLCFVGLMSI.IIOPPRAAVPDAVGKCRSAGIKVIMVTGDHPITAKAIAK 10. LNEEMKEAFONAYLELGGLGERVLGFCHLKLSTSKFPEGYPFDVEE PNFPITDLCFVGLMSMIOPPRAAVPDAVGKCRSAGIKVIMVTGDHPITAKAIAK 

11. LDEEI.IKEAFNNAYUELGGLGERVLGFCDFMLPSDKYPNGFKFNTOD INFPIDNLRFVGLMSMIDPPRAAVPDAVAKCRSAGIKVIMVTGDHPITAKAIAK 12. MTEELKEAFNNAYUELGGLGERVLGFCDYLLPLDKYPHGFAFNADD ANFPLTGLRFAGLI.ISI.IIDPPRAAVPDAVAKCRSAGIKVIMVTGDHPITAKAIAK 13. LDNHMKECFNNAYUELGGMGERVLGFCDFELPSOOYPRGYVFDADE PNFPISGLRFVGLI.ISMIDPPRAAVPDAVSKCRSAGIKVIMVTGDHPITAKAIAR 
14. LKODVIEIYNKAYOELGGLGERVLGFCHYYLPVOOYPKGFLFKTEEEONFPLEGLCFLGLLSMIOPPRAAVPDAVSKCRSAGIKVIMVTGDHPITAKAIAK 

consensus AY ELGG GERVLGFC L P G F NF L F L Sl.ll PPRAAVPD V KCRSAGIKVIMVTGDHPITAKAIA 

1. GVG II SEGNETVED I AARLN I P VSOVNPROAKACWHGSDLJ<DMTSEOLDD I LKYHTE I VFARTSPOOKL I I VEGCOAOGA I VAVTGDGVNOSPALKK 
2. GVGI ISDGNETVEDIAARLNIP VSOVNPROAKACVVHGSDLKDMTSEOLDOILLHHTEIVFARTSPOOKLI IVEGCOROGAIVAVTGDGVNOSPALKK 3. GVGI ISEGNETVEDIAARLNIP VNOVNPROAKACVIHGTDLKDMTEEOIOOILAHHTEIVFARTSPOOKLI IVEGCOROGAIVAVTGDGVNDSPALKK 4. GVG I I SEGNETVED I AARLN I P VNOVNPROAKACV I HGTDLKOI.INAOO I 00 I LAHHTE I VF ARTSPOOKL I I VEGCOROGA I VA VTGDGVNOSPALKK 
5. GVGI ISEGNETVEDIAARLNIP VNEVNPROAKACVVHGGDLKDLSCEOLDDILJ<YHTEIVFARTSPOOKLI IVEGCOATGAIVAVTGDGVNOSPALKK 
6. GVGI ISEGNETVEDIAARLNIP MSOVNPREAKACVVHGSDLKDMTSEOLDEILKNHTEIVFAATSPOOKLI IVEGCOAOGAIVAVTGDGVNDSPALKK 
7. GVG I I SEGNETVED I AARLN I P VSOVNPREAKACVVHGSDLJ<DUT AEOLDE I LANHTE I VF ARTSPOOKL I I VEGCOAOGA I VAVTGDGVNDSP ALKK 
8. GVGI ISEGNETVEDIAARLNIP VSOVNPROAKACVIHGTDLKDFTSEOIDEILONHTEIVFARTSPOOKLI IVEGCOROGAIVAVTGDGVNDSPALKK 
9. GVG II SEGNETVED I AARLN I P VSOVNPROAKACV I HGTDL.KDMSSEO I DE I LONHTE I VFARTSPOOKL I I VEGCOAOGA I VAVTGDGVNOSPALKK 

10. GVGI ISEGNETYEDIAARLNIP VNOVNPRDAKACVVHGTDLKDLSHENLDDILHYHTEIVFARTSPOOKLI IVEGCOROGAIVAVTGDGVNDSPALKK 
11 . SVG I I SEGNETVED I AOALN I P VSEVNPREAKAA VVHGAELADVSSOOLOE I LAYHTE I VF ARTSPOOKL I I VEGCORI.IGA I VA VTGDGVNDSPALKK 
12. SVGI ISEGNETVEDIAARLNIP VSEVNPAOAKAAVVHGGELRDITPDALOEILAHHPEIVFAATSPOOKLI IVEGCOAOGAIVAVTGDGVNDSPALKK 13. OVGI ISEGHETVDDIAARLNIP VSEVNPRSAOAAVIHGNDLKOI.INSOOLODILAHYREIVFAATSPOOKLI IVEGVOROGEFVAVTGDGVNDSPALKK 14. GVG I I SEGNECEED I ALRLN I PLEDLSEOOKKSAKACV I HGAKLJ<D I KNEELDK I LCDHTE I VF AATSPOOKL I I VEGCOROGA I VA VTGDGVNDSP ALKK 

consensus VG I IS G E D I A RLN I P A A V HG L D D I L E I VF ARTSPOOKL I I VEG OR G VA VTGDGVNDSP ALKK 

1 . AD I GV AUG I AGSDVSKQAA[),II LLDDNF AS I VTGVEEGRL I FDNI...KKS I A YTL TSN I PE I TPFL I F I I AN I PLPLGTVT I LC I DLGTOMVPA I SLA YEOAE 
2. AD I GV AUG I AGSDVSKQAA[),II LLDDNF AS I VTGVEEGRL I FDNLKKS I A YTLTSN I PE I TPFL IF I I AN I PLPL GTCT I LC I DLGTOWPA I SLA YEOAE 3. AD I G I AUG I AGSDVSKOAA!lll LLDDNFAS I VTGVEEGRL I FDNLKKS I AYTLTSN I PE I TPFL IF I I AN I PLPLGlYT I LC I DLGTOWPA ISLA YEOAE 
4. ADIGIAUGIAGSDVSKOAADUILLDDNFASIVTGVEEGRLIFDNLKKSIAYTLTSNIPEITPFLIFI IADIPLPLGTVTILCIDLGTOI.IVPAISLAYEOAE 
5. AD I GV AUG I AGSDVSKOAA!lll LLDDNF AS I VTGVEEGRL I FDNLKKS I A YTLTSN I PE I TPFLFF I I AN I PLPLGlYT I LC I DLGTOI.ILPA I SLA YEAAE 
6. AD I G I AUG I SGSDVSKQAA[),II LLDDNFAS I VTGVEEGRL I FDNLKKS I A YTL TSN I PE I TPFLLF I I AN I PLPLGlYT I LC I DLGTOUVPA ISLA YEAAE 
7. AD I G I AUG I AGSDVSKOAA!lll LLODNFAS I VTGVEEGRL I FDNLKKS I A YTL TSN I PE I TPFLLF I I AN I PLPLGTVT I LC I DLGTOUVPA ISLA YEAAE 
8. AD I GVAUG I AGSDVSKOAA!lll LLDDNFAS I VTGVEEGRL I FDNLKKS I A YTLTSN I PE I TPFLLF I MAN I PLPLGT IT I LC I DLGTDMVPA ISLA YEAAE 
9. ADIGVAJ.IGIRGSDVSKOAADUILLDDNFASIVTGVEEGRLIFDNLKKSIAYTLTSNIPEITPFLLFIUANIPLPLGTITILCIDLGTOWPAISLAYEAAE 1 0. AD I GV AUG I AGSDVSKOAADU I LLDDNF AS I VTGVEEGRL I FDNLKKS I A YTL TSN I PE I TPFL VF I I ANVPLPLGTYT I LC I DLGTDMVPA I SLA YERAE 

11. ADIGVAI.IGIAGSDVSKQAA[),IILLDDNFASIVTGVEEGRLIFDNLKKSIAYTLTSNIPEISPFLASILCDIPLPLGTVTILCIDLGTDMVPAISLAYDHAE 
12. AOIGVAI.IGIAGSDVSKOAADUILLDDNFASIVTGVEEGRLIFDNLKKSIVYTLTSNIPEISPFLLFILFDIPLPLGTVTILCIDLGTDMVPAISLAYEEAE 13. ADIGVAUGIAGSDVSKOAADUILLDDNFASIVTGVEEGRLIFDNIKKSIAYTLTSKIPELSPFLMYILFDLPLAIGTVTILCIDLGTDVVPAISI.IAYEGPE 14. ADIGVAUGIAGSDVSKOAADUILLDDNFASIVTGVEEGRLIFDNLKKSIVYTLTSNIPEISPFLUFILFGIPLPLGTITILCIDLGTOMVPAISLAYEKAE 

consensus ADIG AUG! GSDVSKOAADUILLDDNFASIVTGVEEGRLIFDN KKSI YTLTS IPE PFL I PL GT TILCIDLGTD PAIS AY E 

1. SDIMKROPRNPKTOKLVNERLISMAYGOIGI.IIOALGGFFTYFVILAENGFLPIHLLGLRVDWODRWINDVEDSYGOOWTYEORKIVEFTCHTAFFVSIVVV 
2. SO I MKROPRNPKTDKL VNERL I SNAYGO I Gl.ll OALGGFFTYFV I MAENGFLPSGL VG I RLOWDDRW I NDVEDSYGOOWTFEORK I VEFTCHT AFFVS I VVV 
3. SDIMKROPRNPKTOKLVNERLISMAYGOIGMIOALGGFFTYFVILAENGFLPWTLLGIAVNWODRWTNDVEDSYGOOWTYEORKIVEFTCHTSFFISIVVV 
4. SDIMKRHAANPKKOKLVNERLISMAYGOIGI.IIOALGGFFAYFVILAENGFLPSTLLGIRVAWEDRYVNDVEDSYGOOWTYEORKIVEFTCHTAFFVSIVVY 
5. SDII.IKROPRNPKTOKLVNERLJSIAYGOIGMIOALAGFFTYFVILAENGFLPPALLGIRMNWODKYINDLEDSYGOOWTYEORKIVEFTCHTAFFTSIVIV 
6. SDII.IKROPRNSOTOKLVNERLISMAYGOIGMIOALGGFFTYFVILAENGFLPSRLLGIRLDWDDRTI.INDLEDSYGOEWTYEORKVVEFTCHTAFFASIVVV 
7. SDIMKROPRNPRTOKLVNERLISI.IAYGOIGUIOALGGFFTYFVILAENGFLPARLLGVRLAWODRSTNDLEDSYGOEWTYEORKVVEFTCHTAFFASIVVV 
8. SDIMKROPRNPRTOKLVNERLISMAYGOIGI.IIOALGGFFSYFVILAENGFLPGNLVGIRLNWODRTVNDLEDSYGOOWTYEORKVVEFTCHTAFFVSIVVV 
9. SDII.IKROPRNPRSDKLVNERLISMAYGOIGI.IIOALGGFFSYFVILAENGFLPSCLVGIRLSWDDRTINDLEDSYGOOWTYEORKVVEFTCHTAFFVSIVVV 10. SDIMKROPRNPKTDKLVNERLISMAYGOIGMIOALGGFFSYFVILAENGFLPIDLIGIREKWDELWTODLEDSYGOOWTYEORKIVEYTCHTSFFVSIVIV 

11. ADII.IKRPPRDPFNDKLVNSRLISUAYGOIGMIOAAAGFFVYFVIMAENGFLPKKLFGIAKMWOSKAVNDLTDSYGOEWTYRDRKTLEYTCHTAFFISIVVV 
12. SDIMKRRPRNPVTDKLVNERLISLAYGOIGMIOASAGFFVYFVIMAECGFLPWDLFGLRKHWOSRAVNDLTDSYGOEWTYDARKOLESSCHTAYFVSIVIV 13. ADP RKPRDPVKEKLVNERLISUAYGOIGVMOAFGGFFTYFVIMGECGFLPNRLFGLRKWWESKAYNDLTDSYGOEWTWDARKOLEYTCHTAFFISIVIV 
14. SDIMKRHPRNPIRDKLVNERLISLAYGOIGUMOATAGFFTYFI ILAENGFLPSYLFGLRSOWODMSNNNLLDSFGSEWTYFORKEIELTCOTAFFTTIVVV 

consensus D R R KLVN RLIS AYGOIG OA GFF YF I E GFLP L G R W OS G WT RK E C T F IV V 

1 . OWADL V I CKTRRNSVFOOGI.IKNK I L I FGLFEET ALAAFLSYCPGI.IGVALRMYPLKPTWnfCAFPYSLL I FVYDEVRKL I I RRRPGGWVEKE1YY ( 0) 
2. OWADLI ICKTRRNSVFOOGMKNKILIFGLFEETALAAFLSYCPGI.IDVALRMYPLKPTWWFCAFPYSLLIFLYDEIAKLI IRRNPGGWVERETYY (0) 
3. OWADLII CKTRRNSVFClClGUKNK I L I FGLFEETALAAFLSYCPGI.IDVALRMYPLKPTWWFCAFPYSLII F I YDEVRKL I I AASPGGWVEKESYY (0) 4. OWADLI ICKTRRNSVFOOGI.IKNKILIFGLFEETALAAFLSYCPGI.IDVALRMYPLKPTWWFCAFPYSLLIFIYDEVRKLILRRSPGGWVEKETYY (0) 
5. OWADLI ICKTRRNSVFOOGMKNKILIFGLFEETALAAFLSYCPGMDVALRMYPLKPNWWFCAFPYSLLIFIYDEIRKLILRRNPGGWMERETYY (0) 
6. OWADLI ICKTRRNSVFOOGMKNKILIFGLLEETALAAFLSYCPGMGVALRMYPLKVTWWFCAFPYSLLIFIYDEVRKLILRRYPGGWVEKETYY (0) 
7. OWADLI ICKTRRNSVFOOGI.IKNKILIFGLLEETALAAFLSYCPGMGVALAMYPLKVTWWFCAFPYSLLIFAYDEVAKLILAAYPGGWVEKETYY (0) 
8. OWADLI ICKTRRNSVFOOGUKNKILIFGLFEETALAAFLSYCPGUDVALANYPLKPSWWFCAFPYSFLIFVYDEIRKLILRRNPGGSVEKETYY (0) 
9. OWADLI ICKTRRNSVFOOGI.IKNKILIFGLFEETALAAFLSYCPGMDVALRMYPLKPSWWFCAFPYSFLIFVYDEIRKLILARNPGGWVEKETYY (0) 10. OWADLI ICKTRRNSIFOOGUKNKILIFGLFEETALAAFLSYTPGTDIALRMYPLKPSWWFCAFPYSLIIFLYDEAARFILRRNPGGWVEOETYY (0) 11. OWADLI ICKTRRNSIFOOGMRNWALNFGLVFETVLAAFLSYCPGMEKGLRMYPLKLVWWFPAIPFALAIFIYDETARFYLRRNPGGWLEOETYY (0) 12. OWADLI ISKTRRNSVFOOGMRNNILNFALVFETCLAAFLSYTPGMDKGLAMYPLKINWWFPALPFSFLIFVYDEARKFILRRNPGGWVEOETYY (0) 13. OWTDLI ICKTARLSLFOOGMKNGTLNFALVFETCVAAFLSYTPGMDKGLAMYPLKIWWWFPPMPFSLLILVYDECAKFLMRRNPGGFLERETYY (0) 14. OWADLI ISKTRRLSLFOOGMTNWFLNFGLFFETALAAFLOYTPGVNTGLRLRPMNFTWWLPGLPFSLLIFVYDEIRRYLLRKNPGGWVEKETYY (0) 

consensus OW DL I KTRR S FOOGM N L F L ET AAFL Y PG LR P Wtl P I YDE A R PGG E E YY 

Appendix C16(b) (Continued) 
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aldolase 

1. (7) LTPEOKKELSDIAHRIVAPGKGILAADESTGSIAKRLOSIGTENTEENRRFYROLLLTADDRVNPCIGGVILFHETLYOKADDGRPFPOVIKSKGGVVGIKVDKGVVPLAGTNGETTT 
2. (7) LTOEOKKELSEIAOSIVANGKGILAADESVGTMGNRLORIKVENTEENRROFREILFSVDSSINOSIGGVILFHETLYOKDSOGKLFRNILKEKGIVVGIKLDOGGAPLAGTNKETTI 

3. (7) LSPEOKKALSDIAORIVASGKGILAADESVGTMGNRLORINVENTEENRRAFREILFSSDASISKSIGGVILFHETLYOKDSSGKPFPAI IKEKGMVVGIKLDAGTAPLAGTNGETTI 

4. (7) LSAEOKKELSDIALRIVAPGKGILAADESVGSMAKRLSOIGVENTEENRRLYROVLFSADDRVKKCIGGVIFFHETLYOKDDNGVPFVRTIODKGIVVGIKVDKGVVPLAGTDGETTT 
5. (1) LTAEOKKELSDIALAIVAPGKGILAADESVGSMAKRLNOIGVENTEENRRLYROILFSADSRVKKCIGGVIFFHETIYOKADDGIPFVOMIKDKGIVVGIKVDKGVVPLAGTDGETTT 

6. (7) LSAEOKKELADIAORIVAPGKGILAADESVGSMDKRLGGIGVDNTEENRRLYROLLFKGDERMOECIGGVIFFHETMYOOGDCGTDFVKMIKDKGIVVGIKVDKGVVPLAGTNGETTT 

7. (7) PSKELODELREIAOKIVAPGKGILAADESGPTMGKRLODIGVENTEDNRRAYROLLFSTDPKLAENISGVILFHETLYOKADDGTPFAEILKKKGI ILGIKVDEGVVPLFGSEDEVTT 

8. (3) YCGKYKDELIKNAAYIGTPGKGILAADESTGTIGKRLSSINVENVEENRRALRELLFCCPG ALOYISGVILFEETLYOKTKDGKPFVDVLKEGGVLPGIKVDKGTIEVVGTDKETTT 

consensus L A I GKGILAADES RL I N E NRR R L I GVI F ET YO G F G GIK D G G E T 

1. OGLDGLSERCAOYKKDGADFAKWRCVLKIGEHTPSALAIMENANVLARYASICOONGIVPIVEPEILPDGDHDLKRCOYVTEKVLAAVYKALSDHHIYLEGTLLKPNMVTPGHACTOKFSH 

2. OGLDGLSERCAOYKKDGVDFGKWRAVLRIADOCPSSLAIOENANALARYASICOONGLVPIVEPEVIPDGDHDLEHCOYVTEKVLAAVYKALNDHHVYLEGTLLKPNMVTAGHACTKKYTP 

3. OGLDKLAERCAOYKKDGADFGKWRAVLKISSTTPSOLAIOENANTLARYASICOONGLVPIVEPEVLPDGDHDLORCOYVTEKVLAAVYKALNDHHVYLEGTLLKPNMVTAGHSCPKKYTP 

4. OGLDGLSERCAOYKKDGADFAKWRCVLKISERTPSALAILENANVLARYASICOONGIVPIVEPEILPDGDHDLKRCOYVTEKVLAAVYKALSDHHVYLEGTLLKPNMVTPGHACPIKYTP 

5. OGLDGLSERCAOYKKDGADFAKWRCVLKISDNTPSALAIMENANVLARYASICOONGIVPIVEPEILPDGDHDLKRCOYVTEKVLAAVYKALSDHHVYLEGTLLKPNMVTPGHSCPTKYSP 
6. OGLDGLSERCAOYKKDGADFAKWRSVLKISETTPSPLAILENANVLARYASICOONGIVPIVEPEILPDGEHDLKRCOYITEKVLAAVYKALSDHHVYLEGTLLKPNMVTAGHACPTKYSA 

7. OGLDDLAARCAOYKKDGCDFAKWRCVLKIGKNTPSYOSILENANVLARYASICOSORIVPIVEPEVLPDGDHDLDGAOKVTETVLAAVYKALSDHHVYLEGTLLKPNMVTAGOSAK KNTP 

8. OGHDDLGKRCAKYYEAGARFAKWRAVLKIGPNEPSOLAIDLNAOGLARYAI ICOENGLVPIVEPEILVDGPHDIDRCAYVTETVLAACYKALNEHHVLLEGTLLKPNMVTPGSDSK KVTP 
consensus OG D L RCA Y G F KWR VL I PS I NA LARYA I CO VP I VEPE DG HD TE VLAA YKAL HH LEGTLLKPNMVT G K 

1. EEIAMATVTALRRTVPPAVTGITFLSGGOSEEEASINLNAINKCPLLKPWALTFSYGRALOASALKAWGGKKENLKAAOEEYVKRALANSLACOGKYTPSG 

2. EOVAMATVTALHRTVPAAVPGICFLSGGMSEEDATLNLNAINLCPLPKPWKLSFSYGRALOAVALAAWGGKAANKEATOEAFMKRAMANCOAAKGOYVHTG 

3. ODVAVATVTTLLRTVPAAVPGICFLSGGOSEEEASLNLNAMNOSPLPKPWKLTFSYGRALOASALAAWLGKSENKKAAOEAFCKRAOINSLACRGOYVTSG 

4. EEIAMATVTALRRTVPPAVPGVTFLSGGOSEEEASFNLNAINRCPLPRPWALTFSYGRALOASALNAWRGORDNAGAATEEFIKRAEVNGLAAOGKYEGSG 

5. EEIAMATVSPLRRTVPPAVPGVTFLSGGOSEEEASINLNAINTCPLFAPWALTFSYGRPLOASALSAWRGORDNANAATEEFVKRAEVNWLAALGKYEGSG 

6. EEVAMATVTALRRSVPPAVPGVTFLSGGOSEEEATINLNAINNCPLARPWALTFSYGRALOASALNAWRGKKDNEDAATKVFLTRAEANGLAALGKYEHSG 

7. EEIALTTVOALRRTVPAAVTGVTFLSGGOSEEEATVNLSAINNVPLIRPWALTFSYGRALOASVLRAWAGKKENIAAGONELLKRAKANGDAAOGKYVAGS 

8. EVIAEYTVRTLORTVPAAVPAVLFLSGGOSEEEATRNLNAMNKLSTKKPWSLSFSFGRALOASTLKAWAGKVENLEKARAAFLARCKANSEATLGTYKGDA 

consensus A TV L R VP AV FLSGG SEE A NL A N PW L FS GR LOA L AW G N R N A G Y 

(7) ESLFVSNHAY (0) 
(7) OSLFTACYTY (0) 
(7) OSLFTASYTY (0) 
(7) OSLYIANHAY (0) 
(7) OSLYVANHAY (0) 
(7) OSL YVANHAY (0) 
(5) GSLFVANHAY (0) 
(4) ESLHVKDYKY (0) 
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Appendix D (continued) 

evolutionary rate 
(sites I Myr) 

Subfamily VI VII VI/vii 
gene 

erk 
erk* 2.8 E-4 4.0 E-5 7.0 

ras 
ras 2.7 E-4 8.8 E-6 31 

rap1 (Krev) 
rap1 2.3 E-4 1.5 E-5 15 

Gai 
i 1 * 2.7 E-4 3.0 E-5 9.0 
i3 * 2.8 E-4 1.0 E-4 2.8 
(Average 2.8 E-4 6.5 E-5 4.3) 

Gas 

Gas* 5.6 E-4 1.1 E-4 5.1 

K+ channel 
MK2 * 3.3 E-4 7.7 E-5 4.3 

Na+ channel 
Na+ channel 5.7 E-4 3.1 E-4 1.8 

SERCA 
SERCA * 3.4 E-4 1.3 E-4 2.6 

Na+ -K+ pump 
Na+ -K+ pump 3.5 E-4 1.9 E-4 1.8 

EF-1a 

EF-1 a* 2.3 E-4 6.7 E-5 3.4 

aldorase 
aldorase C * 4.7 E-4 2.3 E-4 2.0 

Note - *, because no fish data were available, the branching point of 
fish and amphibian was inferred from that of amphibian and 
mammals, by assuming 400 million years and 350 

.
million year�. **, 

because lamprey data was used, the branching pomt of bony frsh 
and amphibian was inferred from that of lamprey and bony f1sh, by 
assuming 400 million years and 500 million years. 
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