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Hemocyanins are respiratory proteins that float freely

dissolved in the hemolymph of many arthropod species

[1–4]. They are composed of six identical or similar

subunits with molecular masses of around 75 kDa

[1,3]. A subunit may bind to an O2 molecule by means

of two Cu+ ions, each of which is coordinated by

three histidines in two distinct binding sites. Some

hemocyanins assemble into large oligomers of up to

8 · 6 subunits [1]. The occurrence and properties of

hemocyanins have been thoroughly studied over the

last 30 years in Chelicerata and malacostracan Crusta-

cea, but their presence in other arthropod subphyla

(Onychophora, Myriapoda and Hexapoda) has been

discovered only recently [5–8].

In most Hexapoda, gas exchange is mediated by the

tracheal system, a network of tubules that open to the

atmosphere on the cuticle and radiate to all parts of

the body. O2 is delivered through trachea and trache-

oles in the gaseous phase [9] and hence respiratory

proteins have long been considered unnecessary [10–

12]. Nevertheless, a functional hemocyanin has been

identified in the hemolymph of the stonefly Perla mar-

ginata [8]. This hemocyanin consists of two distinct

subunit types (PmaHc1 and PmaHc2) [8] and ortholo-

gous sequences have been reported from the closely

related stonefly Perla grandis (PgrHc1 and PgrHc2)

[13]. We recently identified a hemocyanin in the

hemolymph of adult firebrat Thermobia domestica
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Hemocyanins are copper-containing, respiratory proteins that have been

thoroughly studied in various arthropod subphyla. Specific O2-transport

proteins have long been considered unnecessary in Hexapoda (including

Insecta), which acquire O2 via an elaborate tracheal system. However, we

recently identified a functional hemocyanin in the stonefly Perla marginata

(Plecoptera) and in the firebrat Thermobia domestica (Zygentoma). We used

RT-PCR and RACE experiments to study the presence of hemocyanin in a

broad range of ametabolous and hemimetabolous hexapod taxa. We

obtained a total of 12 full-length and 5 partial cDNA sequences of hemo-

cyanins from representatives of Collembola, Archeognatha, Dermaptera,

Orthoptera, Phasmatodea, Mantodea, Isoptera and Blattaria. No hemocya-

nin could be identified in Protura, Diplura, Ephemeroptera, Odonata, or in

the Eumetabola (Holometabola + Hemiptera). It is not currently known

why hemocyanin has been lost in some taxa. Hexapod hemocyanins usually

consist of two distinct subunit types. Whereas type 1 subunits may repre-

sent the central building block, type 2 subunits may be absent in some spe-

cies. Phylogenetic analyses support the Pancrustacea hypothesis and show

that type 1 and type 2 subunits diverged before the emergence of the Hexa-

poda. The copperless insect storage hexamerins evolved from hemocyanin

type 1 subunits, with Machilis germanica (Archeognatha) hemocyanin being

a possible ‘intermediate’. The evolution of hemocyanin subunits follows the

widely accepted phylogeny of the Hexapoda and provides strong evidence

for the monophyly of the Polyneoptera (Plecoptera, Dermaptera, Orthop-

tera, Phasmatodea, Mantodea, Isoptera, Blattaria) and the Dictyoptera

(Mantodea, Isoptera, Blattaria). The Blattaria are paraphyletic with respect

to the termites.
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(Zygentoma), which also consists of two distinct

subunits (TdoHc1 and TdoHc2) [14]. A hemocyanin-

like protein from in the embryonic hemolymph of

the grasshopper Schistocerca americana (‘embryonic

hemolymph protein’, EHP) [15] resembles hemocyanin

subunit 1 (Hc1), suggesting that this protein might

have a respiratory function as well [8].

Arthropod hemocyanins belong to a protein super-

family that also comprises arthropod phenoloxidases,

crustacean pseudohemocyanins, insect storage hexam-

erins and dipteran hexamerin receptors [4,16–19].

Respiratory hemocyanins most likely evolved from

the phenoloxidases early in arthropod evolution.

Thus the phenoloxidases, which had been identified

in various crustaceans and hexapods, form the

sistergroup of all other members of the arthropod

hemocyanin superfamily [4,18]. Crustacean pseudo-

hemocyanins and insect hexamerins are non-

respiratory proteins that evolved independently from

hemocyanins [4].

Although hexamerins might be ubiquitous in insects

[14,19–21], hemocyanin appears to be missing in eume-

tabolous insects [22]. Here we investigate representa-

tives from several ametabolous and hemimetabolous

hexapod orders for the presence of hemocyanin,

including Collembola (springtails), Diplura (diplurans),

Protura (proturans), Archeognatha (bristletails),

Ephemeroptera (mayflies), Odonata (dragonflies and

damselflies), Orthoptera (grasshoppers and crickets),

Phasmatodea (stick insects), Dermaptera (earwigs),

Mantodea (mantises), Isoptera (termites) and Blattaria

(cockroaches), as well as Hemiptera (true bugs).

Results

Identification of hexapod hemocyanins

We used an alignment of insect hemocyanin sequences

to deduce two pairs of degenerated oligonucleotide pri-

mer, which we applied on cDNA from various hexa-

pod species (Table 1). Products of the expected lengths

were sequenced and blast searches were performed.

We identified fragments that correspond to insect

hemocyanin subunit types 1 from springtails Sinel-

la curviseta (ScuHc1) and Folsomia candida (FcaHc1),

bristletail Machilis germanica (MgeHc1), stick insect

Carausius morosus (CmoHc1), grasshopper Locusta

migratoria (LmiHc1), earwig Chelidurella acanthopygia

(CacHc1), mantis Hierodula membranacea (HmeHc1),

termite Cryptotermes secundus (CseHc1) and cock-

roaches Blaptica dubia (BduHc1), Periplaneta ameri-

cana (PamHc1) and Shelfordella lateralis (SlaHc1). In

the other species, no hemocyanin sequence was recov-

ered. The same two pairs of degenerated primers

also resulted in fragments that correspond to insect

hemocyanin subunit types 2, which were found

for Ch. acanthopygia (CacHc2), H. membranacea

(HmeHc2), Cr. secundus (CseHc2), B. dubia (BduHc2),

P. americana (PamHc2) and Sh. lateralis (StaHc2).

Hexapod hemocyanin subunits 1

We completed the fragments of ScuHc1, MgeHc1,

CmoHc1, CacHc1, HmeHc1, CseHc1, BduHc1 and

PamHc1 using 5¢- and 3¢-RACE (Table 2). The full-

Table 1. Hexapod species used in this study.

Species Order Family Developmental stage Hc1 Hc2

Sinella curviseta Collembola Entomobryidae Juvenile, adult ScuHc1 –

Folsomia candida Collembola Isotomidae Juvenile, adult FcaHc1 –

Allacma fusca Collembola Sminthuridae Adult – –

Acerentomon franzi Protura Acerentomidae Juvenile – –

Campodea sp. Diplura Campodeidae Juvenile, adult – –

Machilis germanica Archeognatha Machilidae Adult MgeHc1 –

Ephemerella mucronata Ephemeroptera Ephemerellidae Juvenile – –

Aeshna cyanea Odonata Aeshnidae Adult – –

Locusta migratoria Orthoptera Acrididae Adult LmiHc1 –

Acheta domesticus Orthoptera Gryllidae Adult – –

Carausius morosus Phasmatodea Heteronemiidae Adult CmoHc1 –

Chelidurella acanthopygia Dermaptera Forficulidae Adult CacHc1 CacHc2

Hierodula membranacea Mantodea Mantidae Juvenile HmeHc1 HmeHc2

Cryptotermes secundus Isoptera Kalotermitidae Juvenile, adult CseHc1 CseHc2

Blaptica dubia Blattaria Blaberidae Juvenile, adult BduHc1 BduHc2

Periplaneta americana Blattaria Blattidae Juvenile, adult PamHc1 PamHc2

Shelfordella lateralis Blattaria Blattidae Juvenile, adult SlaHc1 SlaHc2

Graphosoma lineatum Hemiptera Pentatomoidae Adult – –

C. Pick et al. Insect hemocyanins

FEBS Journal 276 (2009) 1930–1941 ª 2009 The Authors Journal compilation ª 2009 FEBS 1931



length cDNA sequences comprise 2118–2844 bp and

cover ORFs of 1983–2058 bp. The deduced amino acid

sequences consist of 660–686 amino acids. Computer

analysis suggests the presence of a typical signal

peptide for transmembrane transport and export into

the hemolymph [23] in all subunits except HmeHc1

(Fig. 1). Therefore, the native proteins consist of 650–

670 amino acids with predicted molecular masses of

75.43–79.59 kDa. The amino acid sequences are 53.9–

68.0% identical with hemocyanin subunit type 1 from

P. marginata (PmaHc1; Table 3). The six histidine resi-

dues crucial for oxygen binding are strictly conserved

in all hemocyanin proteins and a potential N-glycosyl-

ation site (NXS ⁄T), located in PmaHc1 at Asn191, is

present in all type 1 subunits (Fig. 1).

Hexapod hemocyanin subunits 2

The 5¢- and 3¢-ends of HmeHc2, CseHc2, BduHc2 and

PamHc2 were obtained using RACE experiments

(Table 2). We were able to amplify the 3¢-end of

CacHc2, but did not succeed with the 5¢-end. The full-

length cDNA sequences comprise 2171–2454 bp with

ORFs of 2171–2454 bp. The deduced amino acid

sequences cover 663–685 amino acids and putative sig-

nal peptides were found in all proteins except HmeHc2

(Fig. 1). Therefore, the native proteins consist of

663–666 amino acids with predicted molecular masses

of 76.11–76.72 kDa. The amino acid sequences are

58.9–62.3% identical with respect to the hemocyanin

subunit type 2 of P. marginata (PmaHc2; Table 3).

The six histidine residues crucial for oxygen binding

are strictly conserved. A potential N-glycosylation site

(NXS ⁄T), found in PmaHc2 at position Asn334, is

conserved in all subunit types (Hc1 and Hc2) with the

exception of PmaHc1. An insertion of nine amino

acids in PamHc2 starting at amino acid 435 is unique

to subunit types 2. On the amino acid level, the hemo-

cyanin subunits types 2 are 45.0–54.6% identical to the

subunit types 1.

Molecular evolution of hexapod hemocyanins

A multiple alignment was constructed using the

deduced amino acid sequences of the putative hemocy-

anin subunits and the previously identified insect

hemocyanin subunit types 1 (PmaHc1, PgrHc1, SamE-

HP, TdoHc1 and LsaHc1) and types 2 (PmaHc2,

PgrHc2, TdoHc2 and LsaHc2). We also included

selected insect hexamerins, crustacean hemocyanins,

crustacean pseudohemocyanins, chelicerate hemocya-

nins, myriapod hemocyanins and one onychophoran

hemocyanin in the final alignment (Fig. S18). The

phylogenetic tree reconstructions were carried out

using mrbayes (Fig. 2) and rerun after exclusion of

the incomplete sequences (i.e. FcaHc1, LsaHc1,

LsaHc2, CacHc2, LmiHc1, SlaHc1 and SlaHc2) using

mrbayes and phyml, respectively. In each case, the

onychophoran hemocyanin was used to root the tree

for visualization purpose.

Table 2. Molecular properties of the putative hemocyanin cDNA and the deduced amino acid sequences. Sequences are given in

Figs S1-S17.

Name Accession no.

Nucleotide

Deduced amino

acid sequence (aa)

Putative signal

peptide (aa)

Native

protein (aa)

Predicted molecular

mass (kDa)

cDNA

(bp)

5¢-UTR

(bp)

ORF

(bp)

3¢-UTR

(bp)

ScuHc1 FM242638 2178 37 2016 125 672 19 653 75.59

FcaHc1 FM242650 1053 – – – 351 – – –

MgeHc1 FM242639 2208 30 2058 120 686 16 670 79.18

CmoHc1 FM242640 2310 87 2028 195 676 19 657 76.29

LmiHc1 FM242651 530 – – – 176 – – –

CacHc1 FM242641 2326 245 2007 74 669 19 650 75.43

HmeHc1 FM242642 2592 98 1980 514 660 None 660 76.97

CseHc1 FM242644 2305 25 2031 249 677 20 657 76.70

BduHc1 FM242646 2118 8 2034 76 678 19 659 77.00

PamHc1 FM242648 2844 26 2022 796 674 19 655 76.58

SlaHc1 FM242652 530 – – – 176 – – –

CacHc2 FM242654 1506 – – 138 456 – – –

HmeHc2 FM242643 2454 86 1989 379 663 None 663 76.72

CseHc2 FM242645 2293 29 2052 212 684 19 665 76.10

BduHc2 FM242647 2171 16 2055 100 685 19 666 76.11

PamHc2 FM242649 2334 49 2052 233 684 19 665 76.49

SlaHc2 FM242653 527 – – – 175 – – –

Insect hemocyanins C. Pick et al.
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Fig. 1. Multiple alignment of hexapod hemocyanin sequences. Putative hemocyanins from S. curviseta (ScuHc1), M. germanica (MgeHc1),

C. morosus (CmoHc1), Ch. acanthopygia (CacHc1), H. membranacea (HmeHc1 and HmeHc2), Cr. secundus (CseHc1 and CseHc2), B. dubia

(BduHc1 and BduHc2) and P. americana (PamHc1 and PamHc2) were compared with the previously identified insect hemocyanins from

T. domestica (TdoHc1 and TdoHc2) and P. marginata (PmaHc1 and PmaHc2). The copper-binding histidines are shaded in black; other strictly

conserved residues are shaded in gray. Putative signal peptides and potential N-glycosylation sites (NXS ⁄ T) are underlined. The borders of

the three structural domains are indicated.
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In all analyses, CacHc1, CmoHc1, LmiHc1,

HmeHc1, CseHc1, BduHc1, PamHc1 and SlaHc1

form a well-supported monophyletic clade with the

previously identified insect hemocyanin subunit types

1 (1.00 posterior probability; 100% bootstrap sup-

port) (Fig. 2). The collembolan hemocyanins ScuHc1

and FcaHc1 join this clade, albeit with lower sup-

port values (0.77 posterior probability; 66% boot-

strap support); after the exclusion of incomplete

sequences, however, the posterior probability was

higher (0.91). MgeHc1 groups with the insect hexam-

erins (0.99 posterior probability; 64% bootstrap sup-

port), which form the sistergroup of the insect

hemocyanin subunits 1. However, BduHc2, PamHc2,

StaHc2, CseHc2, HmeHc2 and CacHc2 group with

the previously identified insect hemocyanin subunit

types 2 (1.00 posterior probability; 100% bootstrap

support). Crustacean hemocyanins and pseudohemo-

cyanins form a third clade with 1.00 posterior proba-

bility and 100% bootstrap support. The monophyly

of crustacean and hexapod hemocyanins and hemo-

cyanin-related proteins is highly supported (1.00

posterior probability; 100% bootstrap support).

However, the relationships among the three clades

of (a) crustacean proteins, (b) hexapod hemocyanin

subunits 1+ hexamerins and (c) hexapod hemocya-

nin subunits 2 are not well resolved.

Within hemocyanin subunit types 1, the dictyopter-

an sequences (HmeHc1, CseHc1, BduHc1, PamHc1

and SlaHc1) are monophyletic (1.00 posterior

probability; 96% bootstrap support) (Fig. 2). Within

this clade, PamHc1+ SlaHc1 (Blattaria, Blattidae)

and CseHc1 (Isoptera) form a monophylum (1.00

posterior probability; 82% bootstrap support), which

is the sistergroup to BduHc1 (Blaberidae, Blattidae).

The orthopteran subunit types 1 (SamEHP +

LmiHc1) and CmoHc1 (Phasmatodea) form a well-

supported common clade (1.00 posterior probability;

68% bootstrap support), which is in a sistergroup

position to the dictyopteran subunits. The hemocya-

nins from Dermaptera (CacHc1) and Plecoptera

(PgrHc1+ PmaHc1) are sistergroups (0.93 posterior

probability; 47% bootstrap support). This clade is at

the basal position within the Pterygota. The hemocy-

anins from Zygentoma (TdoHc1+ LsaHc1) form the

sistergroup of the pterygote proteins. ScuHc1+

FcaHc1 (Collembola) is basal to the ectognathan

subunits, whereas MgeHc1 (Archeognatha) is the

sistergroup to the dicondylian hexamerins. Within

the hemocyanin subunit types 2, phylogeny resembles

that of subunit types 1 except that partial CacHc2

(Dermaptera) is at the basal position within the

Pterygota.T
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Fig. 2. Bayesian analysis of arthropod hemocyanins and hemocyanin-related proteins. A phylogenetic tree was deduced from a multiple

alignment of the putative hemocyanin subunits and the previously identified insect hemocyanin subunit types 1 and 2, selected insect hex-

amerins, crustacean hemocyanins, crustacean pseudohemocyanins, chelicerate hemocyanins, myriapod hemocyanins and one onychophoran

hemocyanin. The onychophoran hemocyanin (EpiHc1) was used to root the tree for visualization purpose. Posterior probabilities are depicted

at the nodes; bar = 0.1 substitutions per site.
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Discussion

Occurrence of hemocyanin in Hexapoda

Because Hexapoda usually possess a well-developed

tracheal system, the presence of respiratory proteins

has long been considered unnecessary in this arthopod

subphylum. Only a few species that live under hypoxic

conditions, represented by the aquatic larvae of the

chironomid midges, some aquatic backswimmers or

the larvae of the horse botfly, were regarded as excep-

tions [22,24]. However, a functional hemocyanin has

been identified in the hemolymph of the stonefly

P. marginata [8]. Plecoptera possess a typical tracheal

system, but the presence of hemocyanin had been

attributed to their semiaquatic lifecycles [8]. More

recently, we also identified a putative hemocyanin in

the hemolymph of the terrestrial firebrat T. domestica

(Zygentoma), suggesting a more widespread occurrence

of hemocyanin in Hexapoda [14,22]. We decided to

investigate a broad range of hexapod orders for the

presence of hemocyanin mRNA (Table 1). These taxa

represent the majority of ametabolous and hemimetab-

olous hexapod orders. Embioptera (web spinners),

Grylloblattodea (ice bugs), Mantophasmatodea (heel

walkers) and the enigmatic Zoraptera could not be

obtained for our studies.

Hemocyanins were identified in Collembola, Arche-

ognatha, Zygentoma, Plecoptera, Dermaptera, Orthop-

tera, Phasmatodea, Mantodea, Isoptera and Blattaria,

but not in Protura, Diplura, Ephemeroptera, Odonata

and the Eumetabola (Holometabola + Hemiptera)

(Fig. 3). In addition, SDS ⁄PAGE with hemolymph

samples from Ephemeroptera and Odonata does not

provide any indication of the presence of hemocyanin

(data not shown). The notion of the absence of hemo-

cyanins from Holometabola is corroborated by the fact

that no hemocyanin sequences could be identified

in the genomes or expressed sequence tags of vari-

ous holometabolous insects, such as Drosophila

melanogaster (Diptera), Bombyx mori (Lepidoptera),

Apis mellifera (Hymenoptera) or Tribolium castaneum

(Coleoptera). Therefore, it is very likely that hemo-

cyanins are missing in all eumetabolous insects [22].

Hemocyanins might have also been lost in the ametab-

olous and hemimetabolous hexapods Allacma fusca

(Collembola), Acerentomon franzi (Protura), Campodea

sp. (Diplura), Ephemerella mucronata (Ephemeroptera),

Aeshna cyanea (Odonata) and Acheta domesticus

(Orthoptera) as well. However, we cannot exclude

that in these species hemocyanins are only expressed

under certain environmental conditions or in some

developmental stages.

Putative function of hexapod hemocyanins

Reversible binding of oxygen and hence function as a

respiratory protein has been unequivocally demon-

strated for P. marginata hemocyanin [8]. The stonefly

hemocyanin binds oxygen with a half-saturation pres-

sure (P50) of � 8 torr and shows moderate cooperativi-

ty. In our studies, O2-binding kinetics could not be

measured because of the small size of most specimens.

However, we assume respiratory functions for all hexa-

pod hemocyanins identified here because: (a) the six

histidines crucial for oxygen binding are strictly con-

served, and (b) all subunits are orthologous to the

respective subunits of P. marginata, with the exception

of MgeHc1 (see below). Other or additional functions

of insect hemocyanins, such as a role as storage or

immune proteins, or as functional phenoloxidase

cannot be formally excluded, but are less likely.

In contrast to some hemoglobins, all known hemo-

cyanins are not included in blood cells, but occur freely

dissolved the hemolymph. Signal peptides required for

transmembrane transport [23] are present in both plec-

opteran subunits and the localization of hemocyanin in

the hemolymph has been unequivocally demonstrated

[8]. Putative signal peptides are also present in the

newly identified hexapod hemocyanin subunits (except

of those from H. membranacea; Fig. 1) and therefore a

transport of the nascent polypeptide into the hemo-

lymph is likely. Interestingly, signal peptides are absent

in both subunit types from the mantis H. membranacea

(HmeHc1 and HmeHc2), as well as in the subunit

type 2 from the firebrat T. domestica [14]. Localization

in the hemolymph has been demonstrated for the latter

species, suggesting export from the cell by other means

[14]. Whether this also applies to HmeHc1 and

HmeHc2 must remain uncertain. There is obviously no

correlation between loss of signal peptides and proteins

phylogeny (Fig. 2). Therefore, the signal peptides may

have been lost at least three times independently during

evolution of insect hemocyanins, but the functional

relevance is currently unknown.

Subunit evolution and emergence of insect

hexamerins

The plecopteran hemocyanin consists of two distinct

subunits (Hc1 and Hc2) that assemble into a hexamer

of � 460 kDa in unknown stoichiometry [8]. Ortholo-

gous subunit types have been identified in the Zygen-

toma and hence their diversification preceded the

emergence of pterygote insects [14]. Therefore, it is not

surprising that both subunit types are also present in

Dermaptera, Mantodea, Isoptera and Blattaria. Hemo-
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cyanin subunit type 2, however, is apparently missing

in the grasshopper Sch. americana [15] and appears to

be absent in other orthopterids (Phasmida + Orthop-

tera) as well.

Because Collembola (springtails) possess a distinct

subunit type 1, both subunit types must have sepa-

rated before the emergence of extant hexapod orders

(Figs 2 and 3). These data also imply that hemocya-

nin subunit type 2 might have been lost several times

independently in Hexapoda. However, in none of the

species did we observe only hemocyanin subunit

type 2, with subunit type 1 being absent. Therefore,

subunit type 1 appears to represent the central build-

ing block of a hexapod hemocyanin, whereas subunit

type 2 may have modifying functions or represent a

distinct hemocyanin hexamer. The presence of multi-

ple hemocyanin subunit types may enable a more

sophisticated allosteric and pH-dependent regulation

of O2 binding.

The putative hemocyanin from the bristletail M. ger-

manica (MgeHc1) shows the highest amino acid iden-

tity with hemocyanin subunit type 1 from the firebrat

T. domestica (57.6%; Table 3). Phylogenetic analyses,

however, strongly suggest that MgeHc1 is basal to the

hexamerins of the dicondylian insects (Fig. 2). Hemo-

cyanins and hexamerins share many characteristics in

Fig. 3. Occurrence of both hemocyanin subunit types in Hexapoda. The phylogenetic tree of the hexapod orders and the times of origins

were taken from Grimaldi & Engel [48].
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terms of structure but due to the loss of Cu-binding

histidine residues hexamerins do not bind oxygen.

Hexamerins are thought to act mainly as storage pro-

teins for non-feeding periods [20,21]. In contrast to

any known hexamerin, in MgeHc1 all six histidine resi-

dues are preserved. Therefore, MgeHc1 is in an ‘inter-

mediate’ position, being structurally a hemocyanin but

phylogentically a hexamerin. It may be the descendent

of a third hemocyanin subunit type that also gave rise

to the insect hexamerins during evolution of the Dic-

ondylia. This notion is reinforced by the apparent

absence of hexamerins in Collembola, Diplura and

Protura (data not shown).

Implications for hexapod phylogeny

Phylogenetic reconstruction among basal hexapods,

e.g. the polyneopteran insects, is notoriously difficult,

probably because a rapid divergence was followed by a

relatively long period of subsequent evolutionary

changes and hence loss of phylogenetic signal [25,26].

Hemocyanins and hexamerins have been successfully

used to estimate evolutionary patterns among arthro-

pods [18,27]. In fact, hemocyanin evolution is corre-

lated with the evolution of arthropod taxa and we

obtained strong support for well established taxa such

as the Pancrustacea (Hexapoda + Crustacea), Hexa-

poda, Insecta, Dicondylia and Pterygota (Fig. 2).

Within the pterygote insects, the Polyneoptera (Ple-

coptera, Embioptera, Dermaptera, Grylloblattodea,

Mantophasmatodea, Orthoptera, Phasmatodea and

Dictyoptera) is a widely accepted monophylum based

on an expansion in the anal region of the hind wing.

Within this clade relationships are unclear and the

placement of Plecoptera (stoneflies) and Dermaptera

(earwigs) in particular is much disputed [28–32].

Molecular phylogenetic analyses of hemocyanins

(Fig. 2) and other sequences [25,33–35] suggest a close

relationship between Plecoptera and Dermaptera.

However, at present there is no morphological

evidence to support this topology [28–32].

Dictyoptera (Mantodea, Isoptera and Blattaria) is

also a well-supported monophylum based on distinc-

tive structures in the reproductive system, but the rela-

tionship among the three orders has remained

unresolved [28–30,32]. In our analyses, the dictyopter-

an hemocyanin subunits also form a monophyletic

clade. The hemocyanins subunits from H. membrana-

cea (Mantodea) form the sistergroup of those from

Isoptera + Blattaria. Hennig [28] further mentioned

that Blattaria might be paraphyletic with respect to the

Isoptera and recent studies suggest that termites actu-

ally evolved from wood-feeding cockroaches of the

genus Cryptocercus [25,36,37]. Indeed, the blattarian

hemocyanin subunits are paraphyletic in our analyses:

the subunits from the cockroach B. dubia (Blaberidae)

are sistergroup of those from the termite Cr. secundus

and the cockroach P. americana (Blattidae). In sum-

mery, our analyses have shown that hemocyanins are

in fact excellent markers for reliable reconstruction of

hexapod phylogeny.

Conclusions

Here we have demonstrated that hemocyanins are

widely present in representatives of most ametabolous

and hemimetabolous hexapod orders. All species used

in our studies possess a typical tracheal system, with

the exception of S. curviseta (Collembola), F. candida

(Collembola) and A. franzi (Protura), in which cutane-

ous respiration might be sufficient due to their small

body size [38,39]. Therefore, the presence or absence of

hemocyanin in certain hexapod taxa cannot be readily

related to a tracheal gas-exchange system. At present,

the specific additional function of hemocyanin in

Hexapoda must remain uncertain. There is little doubt

that this respiratory protein is involved in O2 transport,

at least under certain environmental conditions or

during some developmental stages. The Eumetabola, as

well as certain ametabolous and hemimetabolous

taxa (Protura, Diplura, Ephemeroptera and Odonata),

have lost hemocyanin. One must assume that some

currently unknown physiological or morphological

modifications during the evolution of these taxa have

rendered this type of respiratory protein unnecessary.

The loss of hemocyanin might be one reason why

hemoglobins are used as respiratory proteins in

holometabolous species that are adapted to hypoxic

environments [22,24].

Material and methods

Identification and molecular cloning of

hemocyanin sequences

Total RNA was extracted from various hexapod species

(Table 1) employing either the urea procedure [40] or the

RNeasy Mini Kit (Qiagen, Hilden, Germany). An addi-

tional DNase digestion was performed using the RNase-

Free DNase Set (Qiagen) according to the manufacturer’s

instructions. First-strand cDNA syntheses and subsequent

PCR were carried out by using SuperScript II reverse trans-

criptase and AccuPrime Taq DNA Polymerase (Invitrogen,

Karlsruhe, Germany) according to the manufacturer’s

instructions. For control of the efficiency of the cDNA

synthesis, b-actin was amplified using the following
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degenerated oligonucleotide primers: 5¢-TGGCAYCAYAC

NTTYTAYAA-3¢ and 5¢-GCDATNCCNGGRTACATN

GT-3¢. For the amplification of partial hemocyanin seq-

uences, two pairs of degenerated oligonucleotide primers

were designed according to conserved amino acid sequences

of insect hemocyanins: 5¢-ATGGAYTTYCCNTTYTGGT

GGAA-3¢ and 5¢-GTNGCGGTYTCRAARTGYTCCAT-3¢
to amplify a fragment of � 550 bp and 5¢-GAGGGNSAG

TTCGTNTACGC-3¢ and 5¢-GAANGGYTTGTGGTTNA

GRCG-3¢ to amplify a fragment of � 1050 bp. PCR frag-

ments of the expected size were cloned into the pGem-T

Easy ⁄ JM109 system (Promega, Mannheim, Germany) and

12–24 independent clones per species were sequenced by a

commercial service (Genterprise, Mainz, Germany). 5¢- and
3¢-RACE experiments were carried out by RNA ligase-

mediated rapid amplification method employing the

GeneRacer Kit with SuperScript III reverse transcriptase

(Invitrogen) according to the manufacturer’s instructions.

Sets of genespecific primers were constructed according to

the partial sequences (Table S1). The cDNA fragments were

cloned into the pGem-T Easy ⁄ JM109 system (Promega) and

three independent clones were sequenced as described above.

Sequence and molecular phylogenetic analyses

Partial sequences were assembled with genedoc 2.7 [41].

The tools provided with the ExPASy Molecular Biology

Server of the Swiss Institute of Bioinformatics (http://

www.expasy.org) were used for the analyses of DNA and

amino acid sequences. Signal peptides were predicted using

signalp 1.1 [42]. The putative hemocyanin subunits identi-

fied in this study and the previously identified insect hemo-

cyanins from P. marginata (PmaHc1 and PmaHc2),

P. grandis (PgrHc1 and PgrHc2), Sch. americana (‘embry-

onic hemolymph protein’, SamEHP), T. domestica (TdoHc1

and TdoHc2) and L. saccharina (LsaHc1 and LsaHc2) were

used to construct a multiple sequence alignment with

mafft using the L-INS-i method and the blosum 62 matrix

[43]. We also included 17 selected insect hexamerins, 23

crustacean hemocyanins, 4 crustacean pseudohemocyanins,

20 chelicerate hemocyanins, 5 myriapod hemocyanins and

1 onychophoran hemocyanin in the final alignment, which

was manually adjusted with the aid of genedoc. A list of

sequences used in this study is provided in Table S2. Bayes-

ian phylogenetic analysis was performed using mrbayes 3.1

[44], using the WAG [45] model and assuming a gamma

distribution of substitution rates. Prior probabilities for all

trees were equal. Metropolis-coupled Markov chain Monte

Carlo sampling was performed with one cold and three

heated chains that were run for 1 000 000 generations.

Starting trees were random, trees were sampled every 100th

generation and posterior probabilities were estimated on

the final 8000 trees (burnin = 2000). Bayesian phylogenetic

analysis was rerun after partial sequences were excluded

and additionally a maximum likelihood analysis was

performed using phyml 2.4.3 [46,47] with the WAG [45]

evolutionary model. The reliability of the branching pattern

was assessed by bootstrap analysis with 100 replications.
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Supporting information

The following supplementary material is available:

Fig. S1. cDNA and deduced amino acid sequence of

S. curviseta hemocyanin subunit 1 (ScuHc1,

FM242638).

Fig. S2. Partial cDNA and deduced amino acid

sequence of F. candida hemocyanin subunit 1 (FcaHc1,

FM242650).

Fig. S3. cDNA and deduced amino acid sequence of

M. germanica hemocyanin subunit 1 (MgeHc1,

FM242639).

Fig. S4. Partial cDNA and deduced amino acid

sequence of L. migratoria hemocyanin subunit 1

(LmiHc1, FM242651).

Fig. S5. cDNA and deduced amino acid sequence of

C. morosus hemocyanin subunit 1 (CmoHc1,

FM242640).

Fig. S6. cDNA and deduced amino acid sequence of

Ch. acanthopygia hemocyanin subunit 1 (CacHc1,

FM242641).

Fig. S7. Partial cDNA and deduced amino acid

sequence of Ch. acanthopygia hemocyanin subunit 1

(CacHc2, FM242654).

Fig. S8. cDNA and deduced amino acid sequence of

H. membranacea hemocyanin subunit 1 (HmeHc1,

FM242642).

Fig. S9. cDNA and deduced amino acid sequence of

H. membranacea hemocyanin subunit 2 (HmeHc2,

FM242643).

Fig. S10. cDNA and deduced amino acid sequence of

Cr. secundus hemocyanin subunit 1 (CseHc1,

FM242644).

Fig. S11. cDNA and deduced amino acid sequence of

Cr. secundus hemocyanin subunit 2 (CseHc2,

FM242645).

Fig. S12. cDNA and deduced amino acid sequence

of B. dubia hemocyanin subunit 1 (BduHc1,

FM242646).

Fig. S13. cDNA and deduced amino acid sequence of

B. dubia hemocyanin subunit 2 (BduHc2, FM242647).

Fig. S14. cDNA and deduced amino acid sequence of

P. americana hemocyanin subunit 1 (PamHc1,

FM242648).
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Table S1. Genspecific primer used for 5' and 3' RACE.
Genespecific primer for 5' and 3' RACE
ScuHc1 5' primer 5'-GGATGACTTGGCTGGTGACGAA-3'
ScuHc1 5' nested primer 5'-CAGCACGGTGGAGGGTGGCAA-3'
ScuHc1 3' primer 5'-CTGCCTTCTTCCGCCTCCACA-3'
ScuHc1 3' nested primer 5'-GCTCAACGCTCTGAATGACGCT-3'
MgeHc1 5' primer 5'-GGCTTAAACCATTCCAGGGGCTCAAC-3'
MgeHc1 5' nested primer 5'-GCGTTGCTCGGGATTGCGGATGGT-3'
MgeHc1 3' primer 5'-CCAGGTGTAATGGAGCACTTTGAGACT-3'
MgeHc1 3' nested primer 5'-CATTACAAGGACACATTGGTGCCCTACA-3'
CmoHc1 5' primer 5'-TCGTCGCTCGTAGTCCACCAT-3'
CmoHc1 5' nested primer 5'-CTCCCTCCATCCCAGCGGCTCCA-3'
CmoHc1 3' primer 5'-CCTGGGGGAGATGATGGAGCCGT-3'
CmoHc1 3' nested primer 5'-GACACATCCTGCTCGGCAAGATCA-3'
CacHc1 5' primer 5'-CCAACTCGGTAGGTGGTTTGAGGAT-3'
CacHc1 5' nested primer 5'-CTGGTCCCATGAAAGAGGTTCAACA-3'
CacHc1 3' primer 5'-CCACCTACCGAGTTGGTGGTGA-3'
CacHc1 3' nested primer 5'-GACATGATCGACTACACTCGCAGA-3'
CacHc2 5' primer 5'-GCAAGAGGTTCCACATGAGGGAGA-3'
CacHc2 5' nested primer 5'-CGTTTGAGAGTCGTTCGGCATC-3'
CacHc2 3' primer 5'-GGACAACTGCACAATGATGCTCAC-3'
CacHc2 3' nested primer 5'-CAACTCAGATATGGCGTACCACCT-3'
HmeHc1 5' primer 5'-GCGGTATGTTGTCTGTGGGTAGAATC-3'
HmeHc1 5' nested primer 5'-GGCAGGTCGTTGGAAAGGCGTT-3'
HmeHc1 3' primer 5'-TCCAAGCACCCAGAATACTACGGAG-3'
HmeHc1 3' nested primer 5'-CCACATCATGTTGGGACAAATCGTC-3'
HmeHc2 5' primer 5'-GAGGTTGCACCACAGGAAGGTTGT-3'
HmeHc2 5' nested primer 5'-GGCGTCGAATCGAGCAACCATCTGA-3'
HmeHc2 3' primer 5'-CGTCTCGCTGAACAACACGGAGGGTA-3'
HmeHc2 3' nested primer 5'-GTCAGCTCCACAACGACGGACA-3'
CseHc1 5' primer 5'-GTTGTCTGTGGGTAGAAGCCATCCT-3'
CseHc1 5' nested primer 5'-GGAGTTGACGAAGAGGTGTGGGTA-3'
CseHc1 3' primer 5'-CCTGGCGTCATGGAGCACTT-3'
CseHc1 3' nested primer 5'-GAACGCCCTGGATGACACCCTAGA-3'
CseHc2 5' primer 5'-CCTGATGCGACCCTCGACGAT-3'
CseHc2 5' nested primer 5'-GAGAGGGAAGGCAAGTCACAGAACT-3'
CseHc2 3' primer 5'-CGTCAACCTGCTAGGGGAGATCAT-3'
CseHc2 3' nested primer 5'-CGTGATGCTGTCCAAGGTGACGGAT-3'
BduHc1 5' primer 5'-GCAGGGAATTCGCCACCTACTCT-3'
BduHc1 5' nested primer 5'-GGCTCCACAAATGGAAGGTCGTT-3'
BduHc1 3' primer 5'-GCCATCTCACAGCAAGCCGTA-3'
BduHc1 3' nested primer 5'-CGCTCTGATAGAACCATCAGTGGACT-3'
BduHc2 5' primer 5'-GGCAAGTCCGAGAACTGCATGT-3'
BduHc2 5' nested primer 5'-GGCTGCACTACGGGCAGATCA-3'
BduHc2 3' primer 5'-CGAGGGACGCATTAGGGATGCTAT-3'
BduHc2 3' nested primer 5'-GGAAGTGGTGGAATCGTCAGTTCACA-3'
PamHc1 5' primer 5'-AACTCCCCACCCACACGGTATGTTGT-3'
PamHc1 5' nested primer 5'-TCCACGATGGGAAGGTCGTTGGA-3'
PamHc1 3' primer 5'-GGAACCTTCACACGATTCCAAGCA-3'
PamHc1 3' nested primer 5'-GGGTCAGATTACCGATCCCAAAGGA-3'
PamHc2 5' primer 5'-CCTTCCACGATCTTTTGGTCCCATTCC-3'
PamHc2 5' nested primer 5'-GTAGAACAGTTCTCCCTTGCGGTCTT-3'
PamHc2 3' primer 5'-CTGGCATAAACCTTCTGGGCGAGAT-3'
PamHc2 3' nested primer 5'-CGGTCACGTGATGTTGTCCAAAGTGA-3'



Table S2. List of sequences used for phylogenetic analysis.

Abbreviation Accession No. Protein Species
EpiHc CAD12808 hemocyanin Epiperipatus sp.
ScoHcC Q8T115 hemocyanin SU C Scutigera coleoptrata
ScoHcD Q8T116 hemocyanin SU D Scutigera coleoptrata
ScoHcB Q8IFJ8 hemocyanin SU B Scutigera coleoptrata
ScoHcA Q95P08 hemocyanin SU A Scutigera coleoptrata
SpiHc1 CAC33894 hemocyanin SU 1 Spirostreptus sp.
LpoHcVI CAJ91100 hemocyanin SU VI Limulus polyphemus
EcaHcC Q9NFL6 hemocyanin SU C Eurypelma californicum
EcaHcB Q9NFH9 hemocyanin SU B Eurypelma californicum
NinHcB CAD68053 hemocyanin SU B Nephilia inaurata
LpoHcII CAJ91097 hemocyanin SU II Limulus polyphemus
EcaHcA P14750 hemocyanin SU A Eurypelma californicum
NinHcA CAD68052 hemocyanin SU A Nephilia inaurata
LpoHcIV CAJ91099 hemocyanin SU IV Limulus polyphemus
EcaHcD P02241 hemocyanin SU D Eurypelma californicum
NinHcD CAD68054 hemocyanin SU D Nephilia inaurata
EcaHcF Q9NFL5 hemocyanin SU F Eurypelma californicum
NinHcF CAD68056 hemocyanin SU F Nephilia inaurata
EcaHcE P02242 hemocyanin SU E Eurypelma californicum
NinHcE CAD68055 hemocyanin SU E Nephilia inaurata
EcaHcG Q9NFL4 hemocyanin SU G Eurypelma californicum
CsaHc1 CAC44749 hemocyanin SU 1 Cupiennius salei
NinHcG CAD68057 hemocyanin SU G Nephilia inaurata
AuaHc6 P80476 hemocyanin SU 6 Androctonus australis
LpoHcI 1LL1_A hemocyanin SU I Limulus polyphemus
TtrHcA AAZ40335 hemocyanin SU A Tachypleus tridentatus
HamHcA AJ272095 hemocyanin SU A Homarus americanus
PinHcB P10787 hemocyanin SU b Panulirus interruptus
PinHcA P04254 hemocyanin SU a Panulirus interruptus
PinHcC S21221 hemocyanin C Panulirus interruptus
PvaHc1 AJ250830 hemocyanin SU 1 Penaeus vannamei
PvaHc X82502 hemocyanin Penaeus vannamei
PelHc1 AJ344361 hemocyanin SU 1 Palinurus elephas
PelHc2 CAC69244 hemocyanin SU 2 Palinurus elephas
PelHc3 CAC69245 hemocyanin SU 3 Palinurus elephas
PelHc4 CAD56697 hemocyanin SU 4 Palinurus elephas
EpuHc1 EST hemocyanin SU 1 Eurydice pulchra
CcsHc ABB59715 hemocyanin Cyamus scammoni
GpuHc1 CAI78901 hemocyanin SU 1 Gammarus roeseli
GroHc1 CAI78901 hemocyanin SU 1 Gammarus roeseli
PleHc AF522504 hemocyanin Pacifastacus leniusculus
PleHc2 AAO47336 hemocyanin SU 2 Pacifastacus leniusculus
CmaHc1 AAW57889 hemocyanin SU 1 Cancer magister
CmaHc2 AAW57890 hemocyanin SU 2 Cancer magister
CmaHc3 AAW57891 hemocyanin SU 3 Cancer magister
CmaHc4 AAW57892 hemocyanin SU 4 Cancer magister
CmaHc5 AAW57893 hemocyanin SU 5 Cancer magister
CmaHc6 U48881 hemocyanin SU 6 Cancer magister
CsaHc AF249297 hemocyanin Callinectus sapidus
CmaCC1 AF091261 cryptocyanin 1 Cancer magister
CmaCC2 ABB59714 cryptocyanin 2 Cancer magister
HamPHc1 AJ132141 pseudo-hemocyanin 1 Homarus americanus
HamPHc2 Q6KF81 pseudo-hemocyanin 2 Homarus americanus

SamEHP AF038569
embryonic hemolymph
protein

Schistocerca americana

PgrHc1 DQ118369 hemocyanin SU 1 Perla grandis
PgrHc2 DQ118370 hemocyanin SU 2 Perla grandis
PmaHc1 AJ555403 hemocyanin SU 1 Perla marginata
PmaHc2 AJ555404 hemocyanin SU 2 Perla marginata



TdoHc1 FM165288 hemocyanin SU 1 Thermobia domestica
TdoHc2 FM165289 hemocyanin SU 2 Thermobia domestica
LsaHc1 FM165291 hemocyanin SU 1 Lepisma saccharina
LsaHc2 FM165292 hemocyanin SU 2 Lepisma saccharina
ScuHc1 FM242638 hemocyanin SU 1 Sinella curviseta
FcaHc1 FM242650 hemocyanin SU 1 Folsomia candida

CacHc1 FM242641 hemocyanin SU 1
Chelidurella
acanthopygia

CacHc2 FM242654 hemocyanin SU 2
Chelidurella
acanthopygia

CmoHc1 FM242640 hemocyanin SU 1 Carausius morosus
LmiHc1 FM242651 hemocyanin SU 1 Locusta migratoria
HmeHc1 FM242642 hemocyanin SU 1 Hierodula membranacea
HmeHc2 FM242643 hemocyanin SU 2 Hierodula membranacea
BduHc1 FM242646 hemocyanin SU 1 Blaptica dubia
BduHc2 FM242647 hemocyanin SU 2 Blaptica dubia
CseHc1 FM242644 hemocyanin SU 1 Cryptotermes secundus
CseHc2 FM242645 hemocyanin SU 2 Cryptotermes secundus
PamHc1 FM242648 hemocyanin SU 1 Periplaneta americana
PamHc2 FM242649 hemocyanin SU 2 Periplaneta americana
SlaHc1 FM242652 hemocyanin SU 1 Shelfordella lateralis
SlaHc2 FM242653 hemocyanin SU 2 Shelfordella lateralis
MgeHc1 FM242639 hemocyanin SU 1 Machilis germanica
TdoHex1 FM165290 hexamerin 1 Thermobia domestica
PmaHx1 AM690365 hexamerin 1 Perla marginata
LmiHex1 EST hexamerin 1 Locusta migratoria
LmiHex2 EST hexamerin 2 Locusta migratoria
RmiHx1 AY923852 hexamerin 1 Romalea microptera
BdiHex U31328 hexamerin Blaberus discoidalis

PamHex12 L40818
hexamerin (allergen clone
C12)

Periplaneta americana

RflHex1 AY572858 hexamerin 1 Reticulitermes flavipes
RflHex2 AY572859 hexamerin 2 Reticulitermes flavipes

AgeHex2 AY293287
arylphorin-like hexamerin
2

Apriona germari

TmoHex2 AF395329 hexamerin 2 Tenebrio molitor

LdeDP1 X76080 diapause protein 1
Leptinotarsa
decemlineata

CfeHex2 AJ251271 hexamerin 2 Camponotus festinatus

BheHex I25974
Insecticidal toxin
(hexamerin)

Bracon hebetor

MseAryla M28396 arylphorin alpha Manduca sexta
MseArylb M28397 arylphorin beta Manduca sexta
AgaHex2 XM_321800 hexamerin 2 Anopheles gambiae



Table S3. Comparison of hexapod hemocyanin domains. Percent identities between hemocyanin domains 1 (top), 2 (middle) and 3 (bottom) were
calculated from amino acid sequences.

Scu
Hc1

Mge
Hc1

Tdo
Hc1

Pma
Hc1

Cmo
Hc1

Sam
EHP

Cac
Hc1

Hme
Hc1

Cse
Hc1

Bdu
Hc1

Pam
Hc1

Tdo
Hc2

Pma
Hc2

Hme
Hc2

Cse
Hc2

Bdu
Hc2

Domain 1

MgeHc1 59.3

TdoHc1 66.3 57.6

PmaHc1 62.0 54.1 61.6

CmoHc1 63.4 58.7 70.9 63.7

SamEHP 61.6 58.1 75.0 64.0 74.4

CacHc1 63.4 57.0 69.2 61.0 69.2 68.0

HmeHc1 65.1 58.7 72.7 66.1 73.8 77.9 69.2

CseHc1 65.7 57.0 72.7 59.6 73.8 73.3 65.1 77.9

BduHc1 68.6 61.6 75.0 63.2 72.7 74.4 69.8 80.8 84.9

PamHc1 65.1 56.4 73.3 66.1 73.8 74.4 70.3 80.8 80.8 84.9

TdoHc2 49.4 41.3 47.7 47.4 44.8 48.8 43.6 48.3 47.7 49.4 48.3

PmaHc2 45.3 40.1 41.3 44.4 40.1 39.5 38.4 41.9 41.3 43.0 40.1 58.7

HmeHc2 44.8 42.4 44.2 47.1 45.3 46.5 44.8 45.3 46.5 48.3 46.5 68.0 59.9

CseHc2 44.8 41.3 47.7 48.0 45.3 48.8 44.2 46.5 48.8 48.3 45.9 66.3 58.7 70.3

BduHc2 50.0 43.6 46.5 47.4 48.3 49.4 44.8 46.5 48.8 50.6 47.1 66.3 58.7 65.7 72.1

PamHc2 48.3 43.0 45.3 48.8 45.9 46.5 45.9 47.1 48.8 49.4 47.7 67.4 61.6 73.3 77.3 73.8

Domain 2

MgeHc1 62.5

TdoHc1 68.9 63.1

PmaHc1 61.3 59.6 69.1

CmoHc1 67.1 61.0 79.4 71.1

SamEHP 63.1 57.0 77.6 68.0 81.8

CacHc1 64.4 61.0 80.3 74.7 81.8 80.4

HmeHc1 67.1 60.1 82.1 73.3 83.6 79.6 85.3

CseHc1 65.3 60.1 77.6 74.2 80.4 77.8 79.6 83.1

BduHc1 68.9 59.2 81.2 72.0 85.3 83.1 85.8 89.3 84.0

PamHc1 69.3 59.6 79.4 73.3 83.1 80.9 84.0 88.4 84.0 88.9

TdoHc2 64.3 58.9 70.1 62.5 65.2 62.5 66.5 64.3 59.0 65.6 66.5

PmaHc2 60.3 55.8 61.2 59.8 61.2 57.1 59.4 58.9 62.5 58.9 61.6 68.8

HmeHc2 64.9 59.0 66.2 59.6 66.4 60.5 63.7 65.5 63.7 64.1 65.9 74.6 71.0

CseHc2 62.9 56.3 65.6 57.1 65.2 61.2 62.5 64.7 63.1 64.3 65.9 71.9 68.3 77.7

BduHc2 63.8 58.9 66.5 59.8 67.0 59.8 63.8 63.8 64.3 64.3 66.5 76.8 70.5 84.4 80.4

PamHc2 64.7 57.1 65.6 58.0 66.5 62.1 63.8 66.5 63.8 65.6 67.4 75.9 70.1 82.9 86.6 85.7



Domain 3

MgeHc1 48.4

TdoHc1 58.7 53.6

PmaHc1 54.8 49.0 64.3

CmoHc1 57.6 48.8 70.0 66.0

SamEHP 58.2 49.6 67.7 63.7 69.3

CacHc1 57.8 51.8 71.9 64.3 68.3 67.5

HmeHc1 54.8 51.2 67.6 64.7 69.6 69.3 68.7

CseHc1 58.4 50.8 72.0 65.1 72.4 72.5 69.5 70.2

BduHc1 57.2 52.0 74.4 68.3 72.8 70.5 72.3 77.8 77.8

PamHc1 59.6 49.2 69.0 64.7 70.4 69.3 68.3 74.2 75.4 77.0

TdoHc2 45.5 45.1 48.0 42.7 45.9 43.2 46.5 45.0 45.0 45.9 45.5

PmaHc2 41.5 38.2 43.6 39.8 41.0 42.9 40.3 39.2 40.1 41.8 38.8 52.6

HmeHc2 43.7 41.7 47.6 46.6 46.4 44.2 45.0 46.4 45.6 46.8 46.4 59.1 56.1

CseHc2 44.0 40.2 45.6 41.1 44.4 40.6 41.4 44.0 43.2 44.0 43.6 61.0 54.1 69.3

BduHc2 45.2 43.9 47.6 43.9 46.4 43.8 44.2 47.2 48.0 48.4 45.6 62.2 54.5 68.6 71.1

PamHc2 43.3 41.1 44.8 42.3 44.0 43.0 43.8 44.8 44.4 45.2 42.4 59.8 54.1 67.4 74.8 72.6



CCAGAGCTCTTTGTGAAGTAAACCAGCTCGCGTTATC
ATGGCACGGTTCGCACTCACTTTGATTGCCTGCACCCTTGTAGTCGCAGTTGCAGCTACC
M  A  R  F  A  L  T  L  I  A  C  T  L  V  V  A  V  A  A T
CCCGCTGACCAAGAATTTCTCACCAAGCAGAAGGAAATTGTCAAACTGCTTAACAAAGTC
P  A  D  Q  E  F  L  T  K  Q  K  E  I  V  K  L  L  N  K  V
CACGAACTGAACTTTTATCAAGATCAAGCTACCATTGGAAAGGACTGGGACCCATTAGCT
H  E  L  N  F  Y  Q  D  Q  A  T  I  G  K  D  W  D  P  L  A
CACTTGGATAGCTACAAGAATGTCCGAGTTGTAAAGGAATTGGTCAAGGAACTTAAGAAT
H  L  D  S  Y  K  N  V  R  V  V  K  E  L  V  K  E  L  K  N
GGAAAGCTTATCAAGCGTGGAGAAATCTTCAACCTGTTCAATGAGGAGCACCGAAGGGAG
G  K  L  I  K  R  G  E  I  F  N  L  F  N  E  E  H  R  R  E
ATGATCTTGCTCTTTGAGACTCTCTTCTTTGCCAAGGATTGGGATACCTTCCACAAGACT
M I  L  L  F  E  T  L  F  F  A  K  D  W  D  T  F  H  K  T
GCCTGTTGGGCTCGTGACAAGATCAATGAGGGTCAATTCGTCTACGCCCTCAGCGTTGCC
A  C  W  A  R  D  K  I  N  E  G  Q  F  V  Y  A  L  S  V  A
ACCCTCCACCGTGCTGATACTCGCGGAATCAGGTTGCCACCTGCATACGAAACTTATCCC
T  L  H  R  A  D T  R  G  I  R  L  P  P  A  Y  E  T  Y  P
CATCTTTTCGTCACCAGCCAAGTCATCCATGAGGCTTATGCTGCCAAGATGAGGCAAGAA
H  L  F  V  T  S  Q  V  I  H  E  A  Y  A  A  K  M  R  Q  E
CCCGCTGTTATCCACATGAACTTCACTGGTACCGTGCGCAACCCCGAACAACGCGTCGCC
P  A  V  I  H  M N  F  T G T  V  R  N  P  E  Q  R  V  A
TACTTTGGAGAGGATGTTGGTATGAACAGCCATCACGCAGTGTTCCATATGGACTGGCCC
Y  F  G  E  D  V  G  M  N  S  H H A  V  F H M  D  W  P
TTCTGGTGGAACGAAGAGAAGTACGGTTTGACCAAGGACCGTAAGGGAGAACTTTTCTGG
F  W  W  N  E  E  K  Y  G  L  T  K  D  R  K G  E  L  F  W
TACATGCATCACCAGCTTATTACACGTTTTGATGCTGAGCGTCTGTCCAACGACTTGAAC
Y  M H H  Q  L  I  T  R  F  D  A  E  R  L  S  N  D  L  N
GAAGTTGAGGCACTTCACTGGGACAAGCCCATCGTCGAGGGATTCTACCCACAAACCACC
E  V  E  A  L  H  W  D  K  P  I  V  E  G  F  Y  P  Q  T  T
TACAGGAAGGGAGGAGAATTCCCTGCCAGGCCTGATAACTTCATGTTCCATGACCTTAAG
Y  R  K  G  G  E  F  P  A  R  P  D  N  F  M  F  H  D  L  K
GACCACCGTGTTGCTGATTTGGAAGCCTACGAAGAACGCATCCGCGAAGCCATCTCTGCC
D  H  R  V  A  D  L  E  A  Y  E  E  R  I  R  E  A  I  S  A
GGTGTCATCTTTGATGCTCATGATCCCAACACTTTCATCTCCTTGAATAACACTGAAGGT
G  V  I  F  D  A  H  D  P  N  T  F  I  S  L N  N  T E  G
ATCGACAAGTTGGGTGCCATCATTGAAGCCAGTTCCTGCTCCATCAACCCCAGCTTCTAT
I  D  K  L  G  A  I  I  E  A  S  S  C  S  I N  P  S F  Y
GGATCACTCCACAATCTTGGCCACATCATACTGGGACGCGTTGTCGATCCCCTCGGCAAA
G  S  L H N  L  G H I  I  L  G  R  V  V  D  P  L  G  K
TTCGGTATGCCCCCAGGTGTTATGGAGCATTTCGAAACTGCCACCCGTGACCCTGCCTTC
F  G  M  P  P  G  V  M  E  H  F  E  T  A  T  R  D  P  A  F
TTCCGCCTCCACAAGCATATTGACAACATCTTCAAGGAACACAAGGACAGTCTCGTCCCA
F  R  L H K  H  I  D  N  I  F  K  E  H  K  D  S  L  V  P
TACACCCATGAAGAATTGGATGTTGAAGGAGTTGACATCAAAAATGTTGAGGTTGACGAC
Y  T  H  E  E  L  D  V  E  G  V  D  I  K  N  V  E  V  D  D
CTTGTCACCTACTTTGAAGACTTTGACATTGATATGCTCAACGCTCTGGATGACGCTGCT
L  V  T  Y  F  E  D  F  D  I  D  M  L  N  A  L  D  D  A  A
GGTCTTACCGATGTTGACATCAAGGCCCGTGTCCAACGTCTTAACCACAAGCCTTTTGGA
G  L  T  D  V  D  I  K  A  R  V  Q  R  L  N  H  K  P  F  G
ATTAAGATCATTGCCAACAGCGCTGCTGAGAAGACTGTGACTGTCAGACTTTTCCTTGCT
I  K  I I  A  N  S  A  A  E  K  T  V  T  V  R  L  F  L  A
CCCAAATACGACTGGTATGGTCGTGAGGTTCCTCTTGACATCCAACGCTGGAAGTTTATT
P  K  Y  D  W  Y  G  R  E  V  P  L  D  I  Q  R  W  K  F  I
GAACTCGACAAATTCGCCGTCAAGTTGACTGCCGGAGAAAACGCCATTGTCCGCAAGTCC
E  L  D  K  F  A  V K  L  T  A  G  E  N  A  I  V  R  K  S
TCCGAGTCTTCAGTTACCATTCCAGACCCAGTCTCCACCCATGATCTTCGCAAGCTCGTT
S  E  S  S  V  T  I  P  D  P  V  S  T  H  D  L  R  K  L  V
GATGATGCTATCGCCGGCACCGCTACCTTGGAAGTTGACAAGGATGTCAGACACTGTGGA
D  D  A  I  A  G  T  A  T  L  E  V D  K  D  V  R  H  C  G
GTTCCAGACAGGCTTTTGCTTCCCAAGGGCAAGACCAACGGAATGAAGTACACTATGTTC
V  P  D  R  L  L  L  P  K  G  K  T  N  G  M  K  Y  T  M  F



GTCATGCTCAGTGATTTCGAAGAAGACAAGGTCAATGATCTTCCTCACGACTATGAATAC
V  M  L  S  D  F  E  E  D  K  V  N  D  L  P  H  D Y  E  Y
GGTGGTTTCGTCTCATACTGCGGAACTATTAACCACAAGTACCCAGACAAGAAGCCCATG
G  G  F  V  S  Y  C  G  T  I  N  H  K  Y  P  D  K  K  P  M
GGTTGGCCCTTGGACAGGAAGATCTGCAAGGACAGCTTCCATGACGTCACCAACATGTAC
G  W  P  L  D  R  K  I  C  K  D  S  F  H  D  V  T  N  M  Y
TTCCGTGATGTTGAAATCAAATTCGAGCACACTCATTAAAGTCTTTCAACACATTAGGCA
F  R  D  V  E  I  K  F  E  H  T  H  ***
TTTTCAAATTTTGTCTTTAAAATCAGAGATTCAAAAACATTTCTTACAATAAACTCTTGA
AAGTTCATCGAAGCCAATTAAAAAAAAAAAAAAAAAAAAAA [2178 bp]

Fig. S1. cDNA and deduced amino acid sequence of S. curviseta hemocyanin subunit 1 (ScuHc1,
FM242638). Copper-binding histidines are shaded in black, the putative signal peptide is in
boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



GAGGGCCAGTTCGTCTACGCCCTGAGCGTCGCAACCCTTCACCGTGCCGACACTCGCGGA
E  G  Q  F  V  Y  A  L  S  V  A  T  L  H  R  A  D  T  R  G
GTCAGGTTGCCCCCTGCGTATGAGACATACCCTCATCTTTTCGTCACCAGCCAAGTCATC
V  R  L  P  P A  Y  E  T  Y  P  H  L  F  V  T  S  Q  V  I
CATGAGGCTTACGCTGCGAAGATGAGACAGGAGCCTGCAGTCATCCACATGAACTTCACT
H  E  A  Y  A  A  K  M  R  Q  E  P  A  V  I  H  M N  F  T
GGAACCTGCCGCAACCCTGAACAGCGTGTGGCTTATTTTGGAGAGGACATTGGCATGAAC
G  T  C  R  N  P  E  Q  R  V A  Y  F  G  E  D  I  G  M  N
AACCACCACGCAGTCTTCCACATGGACTGGCCTTTCTGGTGGAACGAAGAGAAGTATGGA
N  H H A  V  F H M  D  W  P  F  W  W  N  E  E  K  Y  G
CTTCACAAGGACCGCAAGGGAGAACTTTTCTGGTACATGCATCACCAGCTTATCACTCGG
L  H  K  D  R  K  G  E  L  F  W  Y  M H H Q  L  I  T  R
TTTGATGCTGAACGTTTGTCCAATGACCTGAACGAAGTGGAGCCACTTAAATGGGACAAG
F  D  A  E  R  L  S  N  D  L  N  E  V  E  P  L  K  W  D  K
CCCATCGTCGACGGATTTTACCCCCAAACCACGTACAGGAAGGGAGGAGAATTCCCTGCC
P  I  V  D  G  F  Y  P  Q  T  T  Y  R  K  G  G  E  F  P A
AGGCCTGACAACTTCAAGTTCCAAGACCTTAAGGATCACCGTGTCGCTGATTTGGAAGCC
R  P  D  N  F  K  F  Q  D  L  K  D  H  R  V  A  D  L  E  A
TACGAAGAACGTATCCTTGAAGCTATTGCTGCCGATTACGTCATCGCTGCTGATGATCAC
Y  E  E  R  I  L  E  A  I  A  A  D  Y  V  I  A  A  D  D  H
CACACCGTCACCTCCTTGAACAACACTGAGGGTATCGACAAGTTGGGTGCCATCATTGAA
H  T  V  T  S  L N  N  T E  G  I  D  K  L  G  A  I  I  E
GCCAGTTCCTGCTCCGTCAATCCCCACTATTACGGATCCCTCCACAACCTCGGCCACATT
A  S  S  C  S  V  N  P  H  Y  Y  G  S  L H N  L  G H I
ATGCTTGGACGTGTCGTTGATCCCCTCGGCAAGTTCGGTATGCCACCAGGTGTCATGGAA
M  L  G  R  V  V  D  P  L  G  K  F  G  M  P  P  G  V  M  E
CATTTCGAGACCGCTACCAGGGACCCTGCCTTCTTCCGCCTCCACAAGCACATTGACGAA
H  F  E  T  A  T  R  D  P  A  F  F  R  L H K  H  I  D  E
ATCTTGTTCAAGAAACACAAGGACAGTCTTACCCCATACACCCACGAGGAACTCGATGTT
I  L  F  K  K  H  K  D  S  L  T  P  Y  T  H  E  E  L  D  V
GAGGGAGTAGACATTAAGGATGTCGAGGTTGATGATCTTGAAACCTACTTTGAAGAATAC
E  G  V  D  I  K  D  V  E  V  D  D  L  E  T  Y  F  E  E  Y
GACATCGACATGCTCAATGCTCTTGATGACGCCGAGGGACTTCCCGATGTTGAGATCAAG
D  I  D  M  L  N  A  L  D  D  A  E  G  L  P  D  V  E  I  K
GCCCGTGTCCAACGTCTAAACCACAAACCCTTC [1053 bp]
A  R  V  Q  R  L  N  H  K  P  F

Fig. S2. Partial cDNA and deduced amino acid sequence of F. candida hemocyanin subunit 1
(FcaHc1, FM242650). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined.



GACTTGTGTTCGACGTGGGTCCCTCTCAAC
ATGAAGACTGTTTTCTGCCTTCTCCTGGCTCTTGCAGCATCCTTGGCGGTGCCAACCAAG
M  K T  V  F  C  L  L  L  A  L  A  A  S  L  A V  P  T  K
AAGGATGTACCCGCTGATCATGAATTCCTGGTCAAGCAACGTGAGATTTTGAAGCTTTTG
K  D  V  P  A  D  H  E  F  L  V  K  Q  R  E  I  L  K  L  L
TTCCGTGCCCATGAACCCAACATTTCTGAAGACCAAGTGGATATAGCAGCGAAGTTCGAC
F  R  A  H  E  P N I  S E  D  Q  V  D  I  A  A  K  F  D
ATTGAAGCTAATTTGGACAAATTTAAGGAAGTAGACAGCGTAAAAGAGTTGTACGAGCTG
I  E  A  N  L  D  K  F  K  E  V  D  S  V  K  E  L  Y  E  L
TACGTCAAGAAGCAGCTTCTCCATAGAGGAGAAATATTTAATACCTTCGAAGACAAACAT
Y  V  K  K  Q  L  L  H  R  G  E  I F  N  T  F  E  D  K  H
TTGGAACAGGCTATTCTTCTTATCGAAACACTGTTGTCTGCAAATAGTTGGGATACTCTG
L  E  Q  A  I  L  L  I  E  T  L  L  S  A  N  S  W  D  T  L
TATAGAACAGCATGCTGGGCTCGTGACAAGGTCAATGAGGGACAGTTTGTCTACGCACTC
Y  R  T  A  C  W  A  R  D  K  V  N  E  G  Q  F V  Y  A  L
AGTGTAACGGTCATGCACAGCGATTTCCTCCGTGGAATCATATTGCCTCCACCTTATGAA
S  V  T  V  M  H  S  D  F  L  R  G  I  I  L  P  P  P  Y  E
ATCTACCCACACCTGTTTGTCAACAGCGAGGTTATCCATGAAGCCTACAGCGCCAAAATG
I  Y  P  H  L  F  V  N  S  E  V  I  H  E  A  Y  S  A  K  M
CGTCATCATCCTGTTGTGATTCCAATGAACTTCACCGGAACCATCCGCAATCCCGAGCAA
R  H  H  P  V  V  I  P  M N  F  T G  T  I  R  N  P  E  Q
CGCGTTGCCTATTTCGGAGAAGACATTGGTCTGAACACCCATCATCACTACTGGCACATG
R  V  A  Y  F  G  E  D  I  G  L  N  T  H H H  Y  W H M
AATTTCCCCTTCTGGTGGAGTCCTCATTATGACACAAAATTCGACCGTGCAGGAGAAATG
N  F  P  F  W  W  S  P  H  Y  D  T  K  F  D  R  A  G  E  M
TTCTGGTATATGCACCACCAACTGGTAGCTCGTTACGACTTGGAGCGTCTGTCTAACTAC
F  W  Y  M H H  Q  L  V  A  R  Y  D  L  E  R  L  S  N  Y
CTTCCAGAAGTTGAGCCCCTGGAATGGTTTAAGCCAATCAAGTCTGGATTTGCCCCTCTG
L  P  E  V  E  P  L  E  W  F  K  P  I  K  S  G  F  A  P  L
ACGATGTACCGCAAAGGTGGTGAATTCCCCAACCGCCCAGACAACATGCTTCTGCACGAT
T  M  Y  R  K  G  G  E  F  P  N  R  P  D  N  M  L  L  H  D
CTTCATGACCTAAAAGTGCATGATGTTGTTGTTTTTGAGGAGAGAATCAAAGAAGCAATT
L  H  D  L  K  V  H  D  V  V  V  F  E  E  R  I  K  E  A  I
GATCGTGGATTTGTGTACAACAAGTGGATCGGAGAAAAAATTCGTTTGAACAACAGCATT
D  R  G  F  V  Y  N  K  W  I  G  E  K  I  R  L N  N  S I
GAAGGCATTGAGACCCTTGGCCGTATGATTGAGGCCTCCCGATTATCACCAGACATCGAC
E  G  I  E  T  L  G  R  M  I  E  A  S  R  L  S  P  D  I  D
TATTACGGCTCCATACACAACCTTGGCCACATCCTTTTGGGTGAAATTATGGACCCTGAC
Y  Y  G  S  I H N  L  G H I  L  L  G  E  I  M  D  P  D
CACAAGTTCAATCTTCCTCCAGGTGTAATGGAGCACTTTGAGACTGCAATGAGAGACCCA
H  K  F  N L  P  P  G  V  M  E  H  F  E  T  A  M  R  D  P
GTATTCTTCAGCCTTCACAAGCATATTGATTATATCTTCAAGCATTACAAGGACACATTG
V  F  F  S  L H K  H  I  D  Y  I  F  K  H  Y  K  D  T  L
GTGCCCTACAAGAGAGAAGAGCTGGATTTCCCAGGAGTGAAAGTAGAAAATGTTGAGGTT
V  P  Y  K  R  E  E  L  D F  P  G  V  K  V  E  N  V  E  V
GACAGACTCGTTACCTTCTTTGAACCCTTCGACATTGATCTTTATAATGCACTTGATGAC
D  R  L  V  T  F  F  E  P  F  D  I  D  L  Y  N  A  L  D  D
GACAAGACCGTTTCCGACATTGAAATCAAGGCCCGCGTACAACGCATCAACCACAAACCT
D  K  T  V  S  D  I  E  I  K  A  R  V Q  R  I  N  H  K  P
TTCACCTACCACATCAATGTAGAGAGCGATGTCGAGAGAAAAGTTGTCGTGCGCACCTTC
F  T  Y  H  I  N  V  E  S  D  V  E  R  K  V  V  V  R  T  F
ATTGGACCCAAGTACGACTGGTACCATCAAGAGGTGCCTGTTAACGAGAAGCGATGGGAG
I  G  P  K  Y  D  W  Y  H  Q  E  V  P  V  N  E  K  R W  E
ATGGTTGAACTGGACAAATTCCTTACTCATATTCCTGCAGGCAAATCCGTCATTGAAAGA
M  V  E  L  D  K  F  L  T  H  I  P  A  G  K  S  V  I  E  R
CTGTCGACTGAATCCACTGTGACCACACCTGACTACGAATCCTTCCGTTCACTTGTAAAC
L  S  T  E  S  T  V  T  T  P  D  Y  E  S  F  R  S  L  V  N
CGCGTTGATGAAGCTCTCAAGGGCAACAAGGAATTCATTATTGATGAGGAATTCCGTCAT
R  V  D  E  A  L  K  G  N  K  E  F  I  I  D  E  E  F  R  H
TGTGGCCTGCCTGATCGTCTTCTCATCCCCAAGGGCAACGAGGAAGGTTATCCCGTCAAG
C  G  L  P  D  R  L  L  I  P  K  G  N  E  E  G  Y  P  V  K
TTCTTTGTTATAGTCACCGACTGGGAAGAGGACAAGGTCAATCAGGAGGTCGAGAACCAC



F  F  V  I  V  T  D  W  E  E  D  K  V  N  Q  E  V  E  N  H
CGTTACGGAAACGTCTACAGCTACTGTGGCACATACGGAGACCGTCTCTACCCTGACAAG
R  Y  G  N  V  Y  S  Y  C  G  T  Y  G  D  R  L  Y  P  D  K
AAGGCCTTCCTTTATCCTTTCGACCGTGTCATCAAGGACGTCAATGTTTTCAAAACACCC
K  A  F  L  Y  P  F  D  R  V  I  K  D  V  N  V  F  K  T  P
AACATGTTCGGCAAATACGTCAGCATCTACCACAAGGATATCAGTGAACTTAACAGAGTC
N  M  F  G  K  Y  V  S  I  Y  H  K  D  I  S  E  L  N  R  V
GTTCCTGTTGTTGAGGAATAAAACATGAATGTATAAAAGATTTGACTTCTTGTGGCAATG
V  P  V  V  E  E  ***
TAATTTTCTGAGTATTTCTTGGGAAATTTATTTGTTATTAAAATAACTTCCTTGTAAAAA
AAAAAAAAAAAAAAAAAA [2208 bp]

Fig. S3. cDNA and deduced amino acid sequence of M. germanica hemocyanin subunit 1
(MgeHc1, FM242639). Copper-binding histidines are shaded in black, the putative signal peptide is
in boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



ATGGACTTCCCATTTTGGTGGAAGGAGGAGGAGTACGGCATCCCCAAGGAGCGCAAGGGC
M  D  F  P  F  W  W  K  E  E  E  Y  G  I  P  K  E  R  K  G
GAGCTCTTCTACTACATGCACCACCAGCTGATCGCGCGCTTCGACCTCGAGCGCCTGTCC
E  L  F  Y  Y  M H H  Q  L  I  A  R  F  D  L  E  R  L  S
AACGACCTGCCGTTCGTCGAGCCGCTGTACTGGAACGAGCGCATCAAGGACGGCTTCTAC
N D  L  P  F  V  E  P  L  Y  W  N  E  R  I  K  D  G  F  Y
CCGCAGACCACCTACCGCGTCGGAGGGGAGTTCCCCGCCAGGCCCGACAACTTCGCCTTC
P  Q  T  T  Y  R  V  G  G  E  F  P  A  R  P  D  N  F  A  F
CACGACCTGCAGAACATCAAGGTGCAGCAGATGATCGACTACACCAGGCGCGTCCGAGAG
H  D  L  Q  N  I K  V  Q  Q  M  I  D  Y  T  R  R  V  R  E
GCCATCTCCCAGCAGGCAGTCATCACCGAAACCGGCGACCTGTACAACATTAGCAGCCCG
A  I  S  Q  Q  A  V  I  T  E  T  G  D  L  Y N  I  S S  P
GAGGGCATCAACGTGCTGGGAGAGCTGGTCGAGCCGTCCACCCGCTCCAAGCACCGCGAG
E  G  I  N  V  L  G  E  L  V E  P  S  T  R  S  K  H  R  E
TACTACGGCGCCCTGCACAACTACGGACACATCATGCTGGGCCAGATCACCGACCCCAAG
Y  Y  G  A  L H N  Y  G H I  M  L  G  Q  I  T  D  P  K
CGCAAGTTCAACATGCCTCCCGGTGTGATGGAACATTTCGAGACCGCCAC [530 bp]
R  K  F  N  M  P  P  G  V  M  E  H  F  E  T A

Fig. S4. Partial cDNA and deduced amino acid sequence of L. migratoria hemocyanin subunit 1
(LmiHc1, FM242651). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined.



TATGCCAGGGGCAAGGCCCGCCCAGGC
GCAACGCAGCGATGGTCTTCCAGCTTCTGCAGCAGGGGAGCCACACTCGAAACAGCGAAC
ATGCAGTGGGTGATCGCGGCGGTGCTGTTGGCCGGCCTGGGCCAGCTGGTCGCGGCCAAG
M  Q  W  V  I  A  A  V  L  L  A  G  L  G  Q  L  V  A  A K
TACACCAGGGGCGAGGTGCCAGCCGACAAGGACTTCCTGTTGAAGCAGCGCGAGGTGCTG
Y  T  R  G  E  V  P  A  D  K  D  F  L  L  K  Q  R  E  V  L
AAGCTACTCAACAAACCCCACGAGCCCAACAGGTACAAAGACCAGGCCGACTCCGGCAGC
K  L  L  N  K  P  H  E  P  N  R  Y  K  D  Q  A  D  S  G  S
AAGTACGAGCCGTCCAACAACCTCAACAGATACAAGAACCCGGTGCCTGTGAAGACGCTG
K  Y  E  P  S  N  N  L  N  R  Y  K  N  P  V  P  V  K  T  L
GTGAAGCGCTACAACTCGCACTCGCTGCTGCCTCGCGGCCAGATCTTCACACTGTTCGAC
V  K  R  Y  N  S  H  S  L  L  P  R  G  Q  I  F  T  L  F  D
GACAAGCACCGCGAGGAGATGGTGCTGCTGTTCGAGTCGATGTTCTACGCCCTCGACTGG
D  K  H  R  E  E  M  V  L  L  F  E  S  M  F  Y  A  L  D  W
GACACCTTCTACAAGACGGCGTGCTGGGCCCGCGACAGGATCAACGAGGGACAGTTCATC
D  T  F  Y  K  T  A  C  W  A  R  D  R  I  N  E  G  Q  F  I
TACGCGCTGAGCGTGGCGGTGATCCACCGGGACGACGCCAAGGGCATCGTGCTGCCGCCG
Y  A L  S  V  A  V  I  H  R  D  D  A  K  G  I  V  L  P  P
TCGTATGAGATTTACCCGCACCTGTACGTCAACAGCGAGGTCATACACGCCGCCTACAAG
S  Y  E  I  Y  P  H  L  Y  V  N  S  E  V  I  H  A  A  Y  K
GCCAAGATGAGGCAGGAGCCCGCCGTCGTGCGCATGAACTTCACAGGAACCATCCGCAAC
A  K  M  R  Q  E  P A  V  V  R  M N  F  T G  T  I  R  N
CCAGAGCAGCGTGTAGCCTACCTAGGCGAAGACCTGGGCATGAACTCTCACCATGCGCAC
P  E  Q  R  V  A  Y  L  G  E  D  L  G  M  N  S  H H A  H
TGGCACATGGACTTCCCCTTCTGGTGGAAGCCTGAAGAGTACGGCATCGACAAGGACAGG
W H M  D  F  P  F  W  W  K  P E  E  Y  G  I  D  K  D  R
AAGGGAGAGCTCTTCTACTACATGCACCACCAGCTCATCGCCAGATTCGACCTGGAGCGG
K  G  E  L  F  Y  Y  M H H  Q  L  I  A  R  F  D  L  E  R
CTGTCGAACGACCTTCCCCCCGTGGAGCCGCTGGGATGGAGGGAGCGCATCGTGGACGGG
L  S  N  D  L  P  P  V  E  P  L  G  W  R  E  R I  V  D  G
TTCTACCCACAGACGACGTACCGCGTGGGAGGGGAGTTCCCCGCCAGGCCCGACGACTTC
F  Y  P  Q  T  T  Y  R  V  G  G  E  F  P  A  R  P  D  D  F
GAGTTCCAGGACCTGAGCTCCATCAAGGTGCAGGACATGGTGGACTACGAGCGACGAGTG
E  F  Q  D  L  S  S  I  K  V  Q  D  M  V  D  Y  E  R  R  V
CGCGAGGCGATCTCCCAGCAGGCCGTCATCACCATGTCGGGCGACTACTTCTCCCTGAAC
R  E  A  I  S  Q  Q  A  V  I  T  M  S  G  D  Y  F  S  L N
GACACGACGGGCATCAACACCCTGGGGGAGATGATGGAGCCGTCCACCACGTCCAAGCAC
D  T T  G  I  N  T  L  G  E  M  M  E  P  S  T  T  S  K  H
CGCGACTACTACGGCGCGCTGCACAACTACGGACACATCCTGCTCGGCAAGATCACCGAC
R  D  Y  Y  G  A  L H N  Y  G H I  L  L  G  K  I  T  D
CCCAAGGGCAAGTTCAACATGCCGCCAGGAGTGATGGAGCACTTCGAGACGGCGACCAGG
P  K  G  K  F  N  M  P  P  G  V  M  E  H  F  E  T  A  T  R
GACCCGGCTTTCTTCAGACTGCACAAGCACATAGACAACCTCTTCAAACTGCACAAGGAC
D  P  A  F  F  R  L H K  H  I  D  N  L  F  K  L  H  K  D
CTGCTGCCACCTTACAAGCAGGAAGAGCTGGTGCTGCCGGGCGTGAAGATCACCGACGTG
L  L  P  P  Y  K  Q  E  E  L  V  L  P  G  V  K  I  T  D  V
GCGGTGGAGCCGCTGGAGACGTACTTCGAGGACTTCGACGCGGACCTGCTGAACGCGCTG
A  V  E  P  L  E  T  Y  F  E  D  F  D  A  D  L  L  N  A  L
GACGACACCATCGACCTTGACGACGTGGAGATCAAGGCGCGCGTGCGCCGCCTCAACCAC
D  D  T  I  D  L  D  D  V  E  I  K  A  R  V  R  R  L  N  H
AAGCCCTTCACCGTGCAGATCACCGCCGAGAGCGAGCGTGAGACGCTGGCCACCGTGCGC
K  P  F  T  V  Q  I  T  A  E  S  E  R  E  T  L  A  T  V  R
ATCTTCCTCGGCCCCAAGTACGACTGGTTCGGCCAGGAGATCCCCCTCGAGGAGAAGCGC
I  F  L  G  P  K  Y  D  W  F  G  Q  E  I  P  L  E  E  K  R
CAGTACCTCGTCGAGATAGACAAGTTCGTCACTAAGGTGAATTCGGGCAAGACGACGATC
Q  Y  L  V E  I  D  K  F  V  T  K  V  N  S  G  K  T  T  I
CAGAGGAAGTCCAGCGAGTCGAGTGTGACCATCCCTGACCGCGAGACGACCAAGCTGCTG
Q  R  K  S  S  E  S  S  V  T  I  P  D  R  E  T  T  K  L  L
GTCGCCAAGGTGGAGAACGCCATCAACGGTAAAGCCACCATCAACGTCAACAAGGACGTG
V  A  K  V  E  N  A  I  N G  K  A  T  I  N  V  N  K  D  V
CGTCACTGTGGCTACCCTGACCGCCTGCTGCTGCCTAAGGGCAAGAAGGGAGGCATGCCC
R  H  C  G  Y  P  D  R  L  L  L  P  K  G  K  K  G  G  M  P



TTCACACTCTACGTCATCCTCACAGACTTCAATAAGGAGAAGGTGAACGACCTGCCCTAC
F  T  L  Y  V  I  L  T  D  F  N  K  E K  V  N  D  L  P  Y
GACTACGACTACGGCGGCTCGCTCAGCTACTGCGGCACCATCAACCACAAGTACCCGGAC
D  Y  D  Y  G  G  S  L  S  Y  C  G  T  I  N  H  K  Y  P  D
AGCCGTCCCATGGGCTTCCCCTTCGACCGCCGCCTGTCCACCGAGGAGTTCAGCATGCCC
S  R  P  M  G  F  P  F  D  R  R  L  S  T  E  E  F  S M  P
AACTTCTGCTCCAAGGACGTCACCATCACCTTCAAGGGCGACAGCAGCTAGGGCTGGAAC
N  F  C  S  K  D  V  T  I  T  F  K  G  D  S  S  ***
ATAACTGGCGGCTGTTGGCGTCACTGAGGCAGGGCGCGGGCGACCAGACAGTAGGGTGTG
TTCATCGAACCTTGGTTGAACTCGTCACTAGAATAAACGACAGTGAATGCTCTCACACAA
ACCTATGACCAACATTTAGCAAGCTCCTATAAAAGCCAGATTTAAAAAAAAAAAAAAAAA
AAA [2310 bp]

Fig. S5. cDNA and deduced amino acid sequence of C. morosus hemocyanin subunit 1 (CmoHc1,
FM242640). Copper-binding histidines are shaded in black, the putative signal peptide is in
boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



AATTG
AGGTCAAGCTATCAAAGTTAGTAGTTGATAAAAAAAAATCCCTCAGCAGGGGCAACAGCG
GCCAGCGGCAGAGCATGACACATGTGTGTGGGGGAGTTGGTGgGGAGAAAAAAGATAGGA
AGATGTGTCAATGAAACACCCGGCACAGATTCACACGGCACTTTTTCCACTGGCTATATA
AGATCGGGTCGAAACCGTGGTCAGCAGAGTCTTCGGCTAGTAGTCGATTCTCCTTTAACA
ATGAAGTTGATACCAGCTTGTCTGGTAGTAGCTGTTTGCATTGCTTACTGTTGTGGCGTA
M  K  L  I  P  A  C  L  V  V  A  V  C  I  A  Y  C  C  G V
AGTGTCCCAGCTGATTCAGGCCTTGTTGTGAGGCAGTATGAAATCTTAAAACTCCTAAAT
S  V  P  A  D  S  G  L  V  V  R  Q  Y  E  I  L  K  L  L  N
AAAGTTCATGAACCCAATCGAATCAAAGAACAAATTGAAATTGGAAACTCCTTCGATCTT
K  V  H  E  P  N  R  I  K  E  Q  I  E  I  G  N  S  F  D  L
TCTACTGCCCTGACTGGATTCAAGAACCCGAATGCCGCCAAGGCTCTTTTGAAGGGCTAC
S  T  A  L  T  G  F  K  N  P  N  A  A  K  A  L  L  K  G  Y
AAGGCAGGGTCTCTTCTGCCTCGTGGATCCATATTCACTCTCTTCAATGAAAAACATCGA
K  A  G  S  L  L  P  R  G  S  I  F  T  L  F  N  E  K  H  R
AGTGAAATGATTCTGCTTTTCGAAACCTTTTTCTACGCCAATGACTGGGATCTGTTGTTC
S  E  M  I  L  L  F  E  T  F  F  Y  A  N  D  W  D  L  L  F
AAGACTGCCTGCTGGGCTAGGGACCGTATCAACGAAGGTCAATTCGTATACGCCCTTTCG
K  T  A  C  W  A  R  D  R  I  N  E  G  Q  F  V  Y  A  L  S
GTCGCCGTTTTGCACCGAAGTGATACTCACGGCATTGTTCTTCCACCTCCTTATGAAATC
V  A  V  L  H  R  S  D  T  H  G  I  V  L  P  P  P  Y  E  I
TACCCCCACTTGTTTGTTAACAGCGAAGTAATCCATGCTGCCTACAAAGCCAAGATGCGA
Y  P H  L  F  V  N  S  E  V  I  H  A  A  Y  K  A  K  M  R
CAAGAACCAGCCATTGTTAGGATGAACTTTACTGGAACTATCAAAAACCCTGAACAACGA
Q  E  P  A  I  V  R  M N  F  T G  T  I  K  N  P  E  Q  R
GTTGCCTATCTTGGAGAAGATATCGGAATGAATGCTCACCATGCTCATTGGCATATGGAC
V  A  Y  L  G  E D  I  G  M  N  A  H H A  H  W H M  D
TTCCCATTCTGGTGGAAAGAACATGAATATGGTATTCATAAAGACCGAAAAGGAGAACTT
F  P  F  W  W  K  E  H  E  Y  G  I  H  K  D  R  K  G  E  L
TTCTACTACATGCATCATCAATTGATTGCAAGATTTGATCTTGAACGACTCTCGAACAAT
F  Y  Y  M H H  Q  L  I  A  R F  D  L  E  R  L  S  N  N
TTGCCTTTTGTTGAACCTCTTTCATGGGACCAGAAAATCGCAAATGGTTTCTATCCTCAA
L  P  F  V  E  P  L  S  W  D  Q  K  I  A  N  G  F  Y  P  Q
ACCACCTACCGAGTTGGTGGTGAATTCCCTGCCAGGCCAGATAACTATGCCTTCCACGAT
T  T  Y  R  V  G  G  E  F  P  A  R  P  D  N  Y A  F  H  D
TTGGAAAACATTAAAATTAAAGACATGATCGACTACACTCGCAGAATCCGTGAAGCCATT
L  E  N  I  K  I  K  D  M  I  D  Y  T  R  R  I  R  E  A  I
GCACAACAGGCCGTAATCACGAAATCCGGTGAATATTTTTACTTAAATGATTCAAAAGGC
A  Q  Q  A  V  I  T  K  S  G  E  Y  F  Y  L N  D  S K  G
ATTGAAGTTCTTGGTGACCTTATGGAACCATCTTTCGATTCGAAACACCCAGAATACTAT
I  E  V  L  G  D  L  M  E  P  S  F  D  S  K  H  P  E  Y  Y
GGAGCTCTTCATAACTATGGACACATTTTGCTTGGCCAAATCACAGATCCAAAAGGAAAA
G  A  L H N  Y  G H I  L  L  G  Q  I  T  D  P  K  G  K
TTCAATATGCCACCTGGTGTGATGGAACACTTCGAGACTGCTACCCGTGATCCTGCCTTC
F  N  M  P  P  G  V  M  E  H  F  E  T  A  T  R  D  P  A  F
TTCAGGTTGCATAAATATATCGACAATCTCTTCAAATTACACAAAGATCTGCTACCTTCT
F  R  L H K  Y  I  D  N  L  F  K  L  H  K  D  L  L  P  S
TACAGCAAAGAAGAGCTGAGCCTTGATGGTGTACAGATCGAGGATGTACAAATCGATGAA
Y  S  K  E  E  L  S  L  D  G  V  Q  I  E  D  V  Q  I  D  E
TTAACTACTTACTTTGAAGACTTCGACATCGACCTTTTGAATGCTCTTGACGACACTGTC
L  T  T  Y  F  E  D  F  D  I  D  L  L  N  A  L  D  D  T  V
GAATTGGAAGATGTTGAAATCAAGGCCCGTGTCCGTCGACTCAATCACAAACCCTTCAAC
E  L  E  D  V  E  I  K  A  R  V  R  R  L  N  H  K  P  F  N
TTCAAGATTGAAGTCAATTCCGACAAAGAATACACCGCAGCTGTCCGAGTATACATTGGA
F  K  I  E  V  N  S  D  K  E  Y  T  A  A  V  R  V  Y  I  G
CCGAAATATGATTGGTTTGGACAAGAAATCACTTTGGACGAGAAAAGATTATACATGGTT
P  K  Y  D  W  F  G  Q  E  I  T  L  D  E  K  R  L  Y  M  V
GAAATTGATAAATTTGTTACTAAATTGACTGCTGGACACAACAACATTTTTAGAAAATCA
E  I  D  K  F  V  T  K  L  T  A  G  H  N  N  I  F  R  K  S
AGTGAATCGAGTGTGACTATTCCTGATAGAGAAACTACCAAAGTTCTTCATAAGAAAGTC
S  E  S S  V  T  I  P  D  R  E  T  T  K  V  L  H  K  K  V
AAAGATGCTCTTAAAAATAGCACTCCACTCTTAGTTAACAAGGATGTCCGACACTGCGGA
K  D  A  L  K N  S  T P  L  L  V  N  K  D  V  R  H  C  G



TACCCAGGTCGCCTTCTCTTGCCAAAGGGTAAAATCGAGGGAATGCCCTTCCCATTGTAT
Y  P  G  R  L  L  L  P K  G  K  I  E  G  M  P  F  P  L  Y
GCAATCGTGACCGATTTTGAACAAGAAAAAGTCAACGATCTTCCATTTGACTATGACTAC
A  I  V  T  D  F  E  Q  E  K  V  N  D  L  P  F  D  Y  D  Y
GGTGGTTCAATTAGCTACTGTGGGACTCTTGGACACAAATATCCCGACTCGAAACCCATG
G  G  S  I  S  Y  C  G  T  L  G  H  K Y  P  D  S  K  P  M
GGATATCCATTTGATCGTCCTATTGGCCGGGAATTCTATTATCCCAACATGTTTGAAAAA
G  Y  P  F  D  R  P  I  G  R  E  F  Y  Y  P  N  M  F  E  K
GATGTCGTGATTACTCATAAAGAATCTTAAAGAGATTATATGTGCTGTAGTTGGAAAATA
D  V  V  I  T  H  K  E  S  ***
AAAGTATCAAACTAAAAAAAAAAAAAAAAAAAAAAAAAAAA [2326 bp]

Fig. S6. cDNA and deduced amino acid sequence of C. acanthopygia hemocyanin subunit 1
(CacHc1, FM242641). Copper-binding histidines are shaded in black, the putative signal peptide is
in boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



ATGAATGCCCACCATGCCCACTGGCATATGGACTTCCCTTTTTGGTGGAAACCAAGCTAC
M  N  A  H H A  H  W H M  D  F  P  F  W  W  K  P  S  Y
AATAACTCAAAAGATCGTAAAGGAGAACTGTTTTTCTACATGCATCACCAATTGGTGGCA
N  N  S K  D  R  K  G  E  L  F  F  Y  M H H  Q  L  V  A
CGTTTCGATGCCGAACGACTCTCAAACGGTCTCCCTCATGTGGAACCTCTTGCCTGGGAC
R  F  D  A  E  R  L  S  N  G  L  P  H  V  E  P  L  A  W  D
GAAAAGATCGTTGAAGGATTCGCTCCTGCTGCCATGTATCATAACGGCCAAGAATTCCCA
E  K  I  V  E  G  F  A  P  A  A  M  Y  H  N  G  Q  E  F  P
ATGCGTCCTAATGGAGTCAGATTCCAAGACTTACCATGGATTACTATTCATGATCTTGTT
M  R  P  N  G  V  R  F  Q  D  L  P  W  I  T  I  H  D  L  V
CTCTATGAAGGCCGAATTCGAGATGCTATTGCTGCTGGATTTATTAAAACACCTTCAGAT
L  Y  E  G  R  I  R  D  A  I  A  A  G  F  I  K  T  P  S  D
GAAGTTCTCTATTTAAACAATACTCAAGGTATTGATCTTCTCGGAGCAATTATCGAATCA
E  V  L  Y  L N  N  T Q  G  I  D  L  L  G  A  I  I  E  S
TCAGCCTACAGTCCAAATCCCGCTTACTATGGACAACTGCACAATGATGCTCACGTAGTT
S  A  Y  S  P  N  P  A  Y  Y  G  Q  L H N  D  A H V  V
CTCTCTCGAGTCACTGATCCACAACTCAGATATGGCGTACCACCTGGTGTAATGGAACAT
L  S  R  V  T  D  P  Q  L  R  Y  G  V  P  P  G  V  M  E  H
TTTGAAACAGCTACAAGAGATCCTGCCTTTTTCAGACTTCACAAACATATGGATAATTTG
F  E  T  A T  R  D  P  A  F  F  R  L H K  H  M  D  N  L
TTTAAACTTCACAAAGATCATCTTCCAGTCTACACTCACCAAGAGTTGGAATTCCCCGGC
F  K  L  H  K  D  H  L  P  V  Y  T  H  Q  E  L  E  F  P  G
GTCAGCGTTGAGGCAGTTAAGGTGGTTAGTACTTGCAAAGGAAGCAAACCAAACAATATG
V  S  V  E  A  V  K  V  V S  T  C  K  G  S  K  P  N  N  M
TACACCTACTTCGACGAATCTAACATCGATTTGGGAAATGCTGTCCAGGGCTCTGCTGAT
Y  T  Y  F  D  E  S  N  I  D  L  G  N  A  V  Q  G  S  A  D
GTTGAAATTAAAGCTCAAGTTTCTCGTTTGAGCCACGAGCCATACAAATATATTTTGACT
V  E  I  K  A  Q  V  S  R  L  S  H  E  P Y  K  Y  I  L  T
ATTCATGCAGAACATGACATAGAAGGATACGTGAGAATTTATTTGACTCCGAAATATGAC
I  H  A  E  H  D  I  E  G  Y  V  R  I  Y  L  T  P  K  Y  D
TGGTTTGGCCAAAGCGTTCCGCTTGATACTGCTCGTTGGTCCATGTTTGAACTTGATAGA
W  F  G  Q  S  V  P  L  D  T  A  R  W  S  M  F  E  L D  R
TTCCCAGTCAAACTAAGACCCGGTGATAATATTGTTAAGAGAGATTCAGATGAATCTTCT
F  P  V  K  L  R  P  G  D  N  I  V  K  R  D  S  D  E  S  S
GTAACCATTTCTGAACCTCACAGCTTCCCTAATTTAATTGCTGAAGTCGAACAGGCCATT
V  T  I  S  E  P  H  S  F  P  N  L  I  A  E  V  E  Q  A  I
AACGGAACGGGAGATTACGAAATCGACAAGTACAATCGCCATTGCGGTTTCCCTCATCGC
N  G  T G  D  Y  E  I  D  K  Y  N  R  H  C  G  F  P  H  R
CTTCTGTTGCCTAAAGGAACTAGCGAAGGAATGCAATACTCTCTCTACGTTGTCGTTTCC
L  L  L  P  K  G  T  S  E  G  M  Q  Y  S  L  Y  V  V  V  S
GATTATAAATCAGATAATATTGTTCCAACAATGACAATGGAAGACACCGCGCGTCTCTCT
D  Y  K  S  D  N  I  V  P  T  M  T  M  E  D  T  A  R  L  S
TCTATCGCTTATTGTGGAGTGGTCGATGGAAAGATTCCAGATGGAAAACCAATGGGCTAT
S  I  A  Y  C  G  V  V  D  G  K  I  P  D  G  K  P  M  G  Y
CCATTTGACAGAAAAATCGTTTCCGAGGAAGAGTTTTTGAAGAAAATATGAAAGTTATTG
P  F  D  R  K  I  V  S  E  E  E  F  L  K  K  I  ***
ATGTTACAATAAACCATGTATCCAATGAGCAATTTTGAAATGTTTAATTGTAAACCCAAT
TAGAATTTGACTTGATGAAATAGAGAATATTCTTATGACCAAATAAAAAAAAAAAAAAAA
AAAAAA [1506 bp]

Fig. S7. Partial cDNA and deduced amino acid sequence of C. acanthopygia hemocyanin subunit 1
(CacHc2, FM242654). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined; in the cDNA, the putative polyadenylation
signal is underlined.



ATAATCGGAAGTGCCTAGTCCAGTCGGCACCCGCTGGC
AATAGACATATTTCCTGTGTATGTCGAAACAGTTGAAGTAATTTCCAAACAGATGGCAGG
ATGGGCTTGGTAAAGTACACTGGTTCAGCTTCAGCGGACAAGGATTTCCTTGTAAAGCAG
M  G  L  V  K  Y  T  G  S  A  S  A  D  K  D  F  L  V  K  Q
AGACAGATTCTACGGCTATGCAACAAAGTGCACGAACCCAACAGATTCAAGGAACAGGCC
R  Q  I  L  R  L  C  N  K  V  H  E  P  N  R  F  K  E  Q  A
GAACTTGGGAAGAACTATGAACCTCTCAAACATCTGGACAAATACAAGCACCCAAGAAGC
E  L  G  K  N  Y  E  P  L  K  H  L  D  K  Y  K  H  P  R  S
GTGAAGACACTAGTCAAGTACTACAACTCTGGACTGACGCTCCCCAGAGGTGCTATCTTC
V  K  T  L  V  K  Y  Y  N  S  G  L  T  L  P  R  G  A  I  F
ACCCTGTTTAATGACAAGCATCGTGAGCAGATGATCACGGTCTTCGAGTCGCTGTTTTTC
T  L  F  N  D  K  H  R  E  Q  M  I  T  V  F  E  S  L  F  F
GCACAAGACTGGGACACCTTCCTGAGGACAGCCTGCTGGTGCCGTGACCGTGTCAACGAG
A  Q  D  W  D  T  F  L  R  T  A  C  W  C  R  D  R  V  N  E
GGACAGTTCGTGTATGCTCTTAGCGTAGCTGTGTTGCACCGGGAAGATACCCGAGGAATT
G  Q  F  V  Y  A  L  S  V  A  V  L  H  R  E  D  T  R  G  I
GTACTTCCACCACCCTACGAAATATACCCCCATCTTTTCGTCAACAGCGAAGTCATCCAT
V  L  P  P  P  Y  E  I  Y  P  H  L  F  V  N  S  E  V  I  H
GCTGCATACAAGGCAAAGATGCGACAGGAGCCGGCAATTGTCAGAATGAACTTCACAGGA
A  A  Y  K  A  K  M  R  Q  E  P  A  I  V  R  M N  F  T G
ACGATCAGGAACCCCGAGCAGCGCGTGGCATACCTGGGCGAGGATGTAGGCATGAATGCC
T  I  R  N  P  E  Q  R  V  A  Y  L  G  E  D  V  G  M  N  A
CATCACAGCCACTGGCACATGGACTTCCCTTTCTGGTGGAAGCAGCAGGAATATGGCGTG
H H S  H  W H M  D  F  P  F  W  W  K  Q  Q  E  Y  G  V
GAGAAGGATCGCAAAGGGGAACTGTTTTACTGGATGCATCACCAACTTATTGCACGTTTC
E  K  D  R  K G  E  L  F  Y  W  M H H  Q  L  I  A  R  F
GATTTGGAACGCCTTTCCAACGACCTGCCCTTCGTCGAACCTCTGTCATGGGAAGATAAG
D  L  E  R  L  S  N  D  L  P  F  V  E  P  L  S  W  E  D  K
ATCGTAGATGGATTCTACCCACAGACAACATACCGCGTAGGAGGCGAATTCCCCGCCAGG
I  V  D  G  F  Y  P  Q  T T  Y  R  V  G  G  E  F  P  A  R
CCCGACAACTTTGAGTTCCAGGATCTCGAGCACATCAAAGTAAAGGACATGGTGGACTAC
P  D  N  F  E  F  Q  D  L  E  H  I  K  V  K  D  M  V  D  Y
ACCAGAAGGATTAGGGAAGCTATTTCTCAAATGGCCGTCGTAACTAAGAGCGGAGAATAC
T  R  R  I  R  E  A  I  S  Q  M  A  V  V T  K  S  G  E  Y
TACTCTCTGAACAATACTAAAGGAATCAACACTTTGGGCGAAATCATGGAGCCTTCCTTT
Y  S  L N  N  T K  G  I  N  T  L  G  E  I  M  E  P  S  F
GATTCCAAGCACCCAGAATACTACGGAGCTCTTCACAACTACGGCCACATCATGTTGGGA
D  S  K  H  P  E  Y  Y  G  A  L H N  Y  G H I  M  L G
CAAATCGTCGACCCTAAGGGAAAATTCAATATGCCACCAGGTGTAATGGAGCACTTCGAG
Q  I  V  D  P  K  G  K  F  N  M  P  P  G  V  M  E  H  F  E
ACGGCGACCCGTGATCCCGCTTTCTTCCGATTGCACAAGTACATCGACAACTTGTTCAAA
T  A  T  R  D  P  A  F  F  R  L H K  Y  I  D  N  L  F  K
ATACACAAGGACCTGCTGCCAGTCTACACACATGAGGAGCTTGACTTCCCTGGTCTGAAA
I  H  K  D  L  L  P  V  Y  T  H  E  E  L  D  F  P  G  L  K
GTCGTAGATCTGGACGTGGATGTGCTGCAGACTTATTTGGAAGACTTCGACATTGACCTG
V  V  D  L  D  V  D  V  L  Q  T  Y  L  E  D  F  D  I  D  L
CTGAACGCACTAGATGACACTCAGGAACTAGATGACGTGGAAATTAAGGCCCGAGTACGC
L  N  A  L  D  D  T  Q  E  L  D  D  V  E  I  K  A  R  V  R
CGCCTCAACCATCAGCCATTCACCTTCCGTGTTACAGTTTCAAGTGAAAAGAATGCAAAT
R  L  N  H  Q  P  F  T  F  R  V  T  V  S  S  E  K  N  A  N
GTCGCTGTCCGCGTGTTCCTTGGACCCAAGTACGACTGGTTTGGAGTACAGATCCCACTG
V  A  V  R  V  F  L  G  P  K  Y  D  W  F  G  V  Q  I  P  L
AATGAGAAGCGACTCTACATGGTGGAAATCGACAAATTTTACACCACAGTGAACAAGGGC
N  E  K  R  L  Y  M  V  E  I  D  K  F  Y  T  T  V  N  K  G
ACAACAGTGATAGAGAGGAAATCCAGTGAGTCTAGTGTGACAATCCCTGACCGAGAAACC
T  T  V  I  E  R  K  S  S  E  S  S  V  T  I  P  D  R  E  T
ACAAAGGTGCTGCAAAAGAAAGTGGAAGATGCCATTCAAGGAAACGGAGCGTTTCTTGTC
T  K  V  L  Q  K  K  V  E  D  A  I  Q  G  N  G  A  F  L  V
AATAAGGATGTGAGGCACTGTGGATATCCTGATAGACTGCTTCTGCCCAAAGGCAAGAAA
N  K D  V  R  H  C  G  Y  P  D  R  L  L  L  P  K  G  K  K
GATGGAATGCCCTTCACTTTCTATGTGATTGTGACTGATTTTGATAAGGAGAAGGTCAAT
D  G  M  P  F  T  F  Y  V  I  V  T  D  F  D  K  E  K  V  N
GATGTTCCTTTGGACTACAACTATGGAGGATCCATCAGCTACTGTGGAACATTGGCAGGA



D  V  P  L  D  Y N  Y  G  G  S  I  S  Y  C  G  T  L  A  G
CACAAGTATCCTGACAACAAGCCAATGGGATTCCCCTTCGACAGAAGAATCGATGAGGAC
H  K  Y  P  D  N  K  P  M  G  F  P  F  D  R  R  I  D  E  D
CACTTCTTCACGCCCAACATGGGACAGAAAGAAGTAACCATCTCCTTCAAGGAAGTTCCA
H  F  F  T  P  N  M  G  Q  K  E V  T  I  S  F  K  E  V  P
TAAACGACCCTGAATTCAGCGATTGGATACAACTACTCTAGAGTGATATCAAGGGAAACT
***
TCGTATTTAAACGGCATTTATACTCAATACATCCACATTTTGTATCCTCTAGGTTGCTCA
ATAAAATAGCATTTTAATGCCTATTGTTATGTAACATTTATAGTTCTCGTTGATTTCAAA
TAAAGACAGTTCAGAAAGCCTAGTTCAGAGATATTATCTAATTAAAAATATTAGAGCAAA
TCGTGAAACAAGTATACCTGTTCGGCACAAAATGTTAAAACAGATCCACGCTTAATAGAG
TTAACTGCAGTTTATTTTCTGAATTTTCTTCTTGTTATTACATATTCAGTTTCACAGACT
GCTAGAAACATTACAACTCCTGAACAGCACACAGCTACATACAAAAACCAAGGGTCTATG
AATTCAGATCTTTGGAGATATTATTGCATAATTTTGTATTGTCTTTTAAGATGAATAAAC
TGTATGTCACTAAAGAAAAAAAAAAAAAAAAAAA [2592 bp]

Fig. S8. cDNA and deduced amino acid sequence of H. membranacea hemocyanin subunit 1
(HmeHc1, FM242642). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined; in the cDNA, the putative polyadenylation
signal is underlined.



GCAGTTGTAAAGTCGGACAGGAAGCA
ATTGCAAGAACTGACCGTGCCATCGGAGCTTTTTTTTTAAAGAAAGGTGGTTCACGTTGT
ATGGCTGATGCAACATTCCTGAAGAGACAACTCCATGTGTTGAAGCTCTTGCGTCACATT
M  A  D  A  T  F  L  K  R  Q  L  H  V  L  K  L  L  R  H  I
TCCGAACCAATTACGGACCCTGAACTCCATGCCAAGAAGCAATCTGGGGATCCTGCAAAC
S  E  P  I  T  D  P  E  L  H  A  K  K  Q  S  G  D  P  A  N
CACCTCAACAAATTTAATGACCCCAAAGCCGTTCGACACTTTGTGAACCTCGTAAGAAAG
H  L  N  K  F  N  D  P  K  A  V  R  H  F  V  N  L  V  R  K
GGAAGTCTGCTCAGCAGAGACACGGTATTCAGTTTGTTCAACCCAAAACACCGAGAACAA
G  S  L  L  S  R  D  T  V  F  S  L  F  N  P  K  H  R  E  Q
ATGGTGGCCTTGTTTGAAGTGCTCTACTCTGCAGTCGACTACGATACCTTCTTCAACACG
M  V  A L  F  E  V  L  Y  S  A  V  D  Y  D  T  F  F  N  T
GCAGTGTGGGCCAGAGACAGGATGAACCCCAGGCAGTTCCTCTACTCCTTCAGCGTTGCT
A  V  W  A  R  D  R  M  N  P  R  Q  F  L  Y  S  F  S  V  A
CTTCTGCATCGTCCAGATTGCCGGGGCTTGACACTTCCACCTGCGTACGAGATAACGCCC
L  L  H  R  P  D  C  R G  L  T  L  P  P  A  Y  E  I  T  P
CACATGTTCCTCACCACGGATGTTGTCAGGGAGGCATACAAGGCAAAGATGACGAGGCAA
H  M  F  L  T  T  D  V  V  R  E  A  Y  K  A  K  M  T  R  Q
CCCGTGTTGATCCCAATGAAATTTACGGGATCAGTGAATAACCCAGAGCAGAGGGTGGCA
P  V  L  I  P  M  K  F  T  G  S  V N  N  P  E  Q  R  V  A
TATTTTGGAGAAGACATTGGCATGAACTCTCATCATGCACACTGGCATATGGACTTCCCT
Y  F  G  E  D  I  G  M  N  S  H H A  H  W H M  D  F  P
TTCTGGTGGAAGCCGCATTATCAACACAACCATAGCAAAGATAGGAAGGGAGAACTCTTC
F  W  W  K  P  H  Y  Q  H N  H  S K  D  R  K  G E  L  F
TTCTACATGCATCATCAGATGGTTGCTCGATTCGACGCCGAGAGACTTTCAAACAACCTT
F  Y  M H H  Q  M  V  A  R  F  D  A  E  R  L  S  N  N  L
CCTGTGGTGCAACCTCTGGAATGGAACAGAAAGATAGTTGAAGGATTCGCTCCAGGAGCC
P  V  V  Q  P  L  E  W  N  R  K  I  V  E  G  F  A  P  G  A
ATGTACGATAACGGACAGGAGTTCCCCATGCGCCCTGACAATATCGGTTTCCAGGATCTG
M  Y  D  N  G  Q  E  F  P  M  R  P  D  N  I  G  F  Q  D  L
CCATGGCTCACTGTTCAGGATATGCTCATGTATGAAGGACGAATCCGGGATGCCATTACC
P  W  L  T  V  Q  D  M  L  M  Y  E  G  R  I  R  D  A  I  T
GCAGGCTTTGTCAGGGCGTATGATGGAAACTACGTCTCGCTGAACAACACGGAGGGTATC
A  G  F  V  R  A  Y  D  G  N  Y  V  S  L N  N  T E  G  I
AACGTGCTTGGAGAGATAGTCGAATCATCGGCCCACAGCGTGAACCCAGCGTTCTACGGT
N  V  L  G  E  I  V  E  S  S  A  H  S  V  N  P  A  F  Y  G
CAGCTCCACAACGACGGACACGTAATGTTGTCCAAAGTGACGGATCCCAAGCTTCGTTAT
Q  L H N  D  G H V  M  L  S  K  V  T  D  P  K  L  R  Y
GGTCTCCCTCCTGGTGTGATGGAGCACTTCGAGACGGCCACACGCGACCCTGCCTTCTTC
G  L  P  P  G  V  M  E  H  F  E  T  A  T  R  D  P  A  F  F
CGACTCCACAAGCACGTTGACAATCTCTTCAAAATGCACAAGGACTTTCTCCCACCCTAT
R  L H K  H  V  D  N  L  F  K  M  H  K  D  F  L  P  P  Y
CAAACTCACGAGCTTCTTTTCCCAGAAGTTACCGTGGAAGCAGTGAAAGTGATAGGGGTA
Q  T  H  E  L  L  F  P  E  V  T  V  E  A  V  K  V  I  G  V
TGCAAAGCCAGCATTCCCAATCATCTCATCACTTACTTTGACGAGTCTCACATTGATCTA
C  K  A  S  I  P  N  H  L  I  T  Y  F  D  E  S  H  I  D  L
GGAAATGCTGTTTACACAACTGGTCAGCGGGAACAAGTTGACATCAAGGCTGTTGTGAGT
G  N  A  V  Y  T  T  G  Q  R  E  Q  V  D  I  K  A  V  V  S
CGACTCAACCACGAACCATTCAAGTATGTCATTACTGTGAACTCGAAGAAGGCAGTTCAT
R  L  N  H  E P  F  K  Y  V  I  T  V  N  S  K  K  A  V  H
GGAGTTGCTCGAATCTTTTTATCACCAAAGTACAACTGGTTTGGTCAGAAGATTCCTCTT
G  V  A  R  I  F  L  S  P  K  Y  N  W  F  G  Q  K  I  P  L
CACGTCGCCCGTTGGGGAATGATCGAGCTGGACAGGTTCCCTGTCAAACTGGAGGCTGGA
H  V  A  R  W  G  M  I  E L  D  R  F  P  V  K  L  E  A  G
GATAATGTCATAACACGAAACTCAGAAGATTCCATTGTGACCATCCCAGAGCCACGAAGT
D  N  V  I  T  R  N  S  E  D  S  I  V  T  I  P  E  P  R  S
TTCCCTCATTTGATCAACTATGTCGAGAGGGCCATTAATGGTGAAGAGGAATATGTTGTT
F  P  H  L  I  N  Y  V  E  R  A  I  N  G E  E  E  Y  V  V
GATAAATATCATCGCCACTGTGGATTCCCTCACCGACTGCTCCTGCCTAAGGGAAAACCA
D  K  Y  H  R  H  C  G  F  P  H  R  L  L  L  P  K  G  K  P
GAAGGAATGACTTACAGAATTTACGTCATTATCACCGACTACAACAAGGATATTATTACA
E  G  M  T  Y  R  I  Y  V  I  I  T  D  Y  N  K  D  I  I T



TCTGACTGGAAACCAGAGGATATTGAGAACCTATCATCTCTCGGCTACTGCGGAGTATTG
S  D  W  K  P  E  D  I  E N  L  S S  L  G  Y  C  G  V  L
GAGGGAAAGATTCCTGATGCAAGGCCAATGGGATTCCCCTTCGACAGACGCATTACATCT
E  G  K  I  P  D  A  R  P  M  G  F  P  F  D  R  R  I  T  S
GAAGAAGAGTTCTTCACGCAGAACATGAAGGTTGTTGATGTTACCATCCCGAATGTGAAG
E  E  E  F  F  T  Q  N  M  K  V  V  D  V  T  I  P  N  V  K
GAAAACCGGTAGAACAGCAATAAAGACTAATTTTGGACTACCTCTTTAATCTGTCACATT
E  N  R  ***
ACGGTTCCTTTGAGTCAAAAGAGTTCTTGTTTTACATAAGCTCCAGGATCAGATATCATA
TTGTGCCAAGGAGTTGTAAAAGAAACATAAATTTTATGAAAACAACTTTTTCTGTAAACA
CCTTTTCTATTTAGATTGTGATGTCATCCAGATGCAAAGATAGTCTAAGTAATCTTGTAT
TGTGCATTTAAGATCTCCAAAAGATTGTACATGTATTTGTTTCGTTTCAGACATATGTCC
TTTATGAAACATGTATGCTGCAGAATTGTAAGAAAACTTTTTATTAATGAATAAAGAAAT
GAGTGTGTAAAAAAAAAAAAAAAAAAAAAA [2456 bp]

Fig. S9. cDNA and deduced amino acid sequence of H. membranacea hemocyanin subunit 2
(HmeHc2, FM242643). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined; in the cDNA, the putative polyadenylation
signal is underlined.



ACTCTGCTGTGGTGGGGCGGACATC
ATGAAGTGCATCCTGACTGTGGCGCTCCTAGGGGTGGCCGTGTGCCACCTGGCTCAGGCC
M  K  C  I  L  T  V  A  L  L  G  V  A  V  C  H  L  A  Q  A
AAGGTCATGCGGGGCGAAGCACCAGCTGACAAGATCTTCCTGTCGAAGCAGCGGGAGGTG
K  V  M  R  G  E  A  P  A  D  K  I  F  L  S  K  Q  R  E  V
CTGAAGCTGCTCAATAAAGTTCACGAGCCCAACCGCTTCAAAGATCAAGCGGACCTGGGA
L  K  L  L  N  K  V  H  E  P  N  R  F  K  D  Q  A  D  L  G
CGCAGCTACGATCCTACTCAGCACCTAAGCAAATATAAGAACGCGTTGCCAGTGAAGACC
R  S  Y  D  P  T  Q  H  L  S  K  Y  K  N  A  L  P  V  K  T
CTCGTGAAGCAGTACACGTCAGGGCGTCTGCTGCCGCGAGGACGGATCTTCACTCTGTTT
L  V  K  Q  Y  T  S  G  R  L  L  P  R  G  R  I  F  T  L  F
AACGACAGACAACGCGAGCAGATGATCACCATATTCGAGTCCTTGTTCTACGCGGAAGAC
N  D  R  Q  R  E  Q  M  I  T  I  F  E  S  L  F  Y  A  E  D
TGGGACACCTTCTACCGCACGGCGTGCTATGTTCGCGACAGGGTCAACGAGGGGCAGTTC
W  D  T  F  Y  R  T  A  C  Y  V  R  D  R  V  N  E  G  Q  F
GTTTACGCCCTGAGTGTCGCTGTACTTCACAGGGAGGACACGCGTGGAATGGTACTGCCG
V  Y  A  L  S  V  A  V  L  H  R  E  D  T  R  G  M  V  L  P
CCGGCGTACGAGGTCTACCCACACCTCTTCGTCAACTCCGACGTTATCCACGCAGCTTAC
P  A  Y  E  V  Y  P  H  L  F  V  N  S  D  V  I  H  A  A  Y
AGAGCCAAGATGAGGCAGGAGCCGGCCGTAGTGCGCATGAACTTCACAGGAACGGTCAGG
R  A  K  M R  Q  E  P  A  V  V  R  M N  F  T G  T  V  R
AATCCTGAGCAGAGGGTGGCCTACCTGGGAGAGGACGTGGGCATAAACTCGCATCATAGT
N  P  E  Q  R  V  A  Y  L  G  E  D  V  G  I  N  S  H H S
CACTGGCACATGGACTTCCCCTTCTGGTGGAAGCAGGATGAGTATGGCGTGAAGAAGGAC
H  W H M  D  F  P  F  W W  K  Q  D  E  Y  G  V  K  K  D
CGGCAGGGGGAGCTGTTCTACTACATGCATCACCAGCTGATCGCCAGACTCGACTTGGAG
R  Q  G  E  L  F  Y  Y  M H H  Q  L  I  A  R  L  D  L  E
CGCCTGTCCAACGATCTACCCTTCGTGAAGCCACTTTACTGGGAGGACAAGATCGAGGAT
R  L  S  N  D  L  P  F  V  K  P  L  Y W  E  D  K  I  E  D
GGCTTCTACCCACAGACAACGTACCGGGTGGGGGGAGAGTTCCCGGCCAGACCTGATAAC
G  F  Y  P  Q  T  T  Y  R  V  G  G  E  F  P  A  R  P  D  N
TTCGAGTTTCAGGACCTGCAGGACATCAAAGTGAAGGACATGGTTGATTATACGCGCAGG
F  E  F  Q  D  L  Q  D  I  K  V  K  D  M  V  D  Y  T R  R
ATACGCGAGGCAATTTCTCAGCAAAGTGTCATAACGAGGTGGGGCCAGAATCTGCCCCTG
I  R  E  A  I  S  Q  Q  S  V  I  T  R  W  G  Q  N  L  P  L
AACGACACGATGGGCATCAACATACTCGGCAGCTTGGTAGAGCCGTCCCAAGAATCGCCG
N  D  T M  G  I  N  I  L  G  S  L  V  E  P  S  Q  E  S  P
AACCCGCAGTACTACGGCGCGCTCCACAACTACGGCCACATCCTGCTCGGACAGATCACC
N  P  Q  Y  Y  G  A  L H N  Y  G H I  L  L  G  Q  I  T
GACCCCAAGGGAAAGTTCGACATGCCCCCTGGCGTCATGGAGCACTTCGAGACTGCGACG
D  P  K  G  K  F  D  M  P  P  G  V  M  E  H  F  E  T  A  T
CGCGACCCTGCCTTCTTCAGGCTGCACAAGTACATAGACAACCTGTTCAAGCTGCACAAG
R  D  P  A  F  F  R  L  H  K  Y  I  D  N  L  F  K  L H K
GACATGCTGCCTCCTTACGCACGCGAAGAGCTCGAGTTCCCGGGCGTGGCGATTCAGGAC
D  M  L  P  P  Y  A  R  E  E  L  E  F  P  G  V  A  I  Q  D
GTCACTGTGGACGACCTGGTCACGTACTTCGAGGACTTCGACATCGACTTGCTGAACGCC
V  T  V  D  D  L  V  T  Y  F  E  D  F  D  I  D  L  L  N  A
CTGGATGACACCCTAGAGCTGAAGGACGTGGAGATAAAGGCCCGGGTGCGTCGCCTCAAC
L  D  D  T  L  E  L  K  D  V  E  I  K  A  R  V  R  R  L  N
CACCGCCCCTTCACTTTCAGCATCACTGTGAACAGCAACCAGGAGCAAATGGCAGCGGTT
H  R  P  F  T  F  S  I  T  V  N  S  N  Q  E  Q  M  A  A  V
CGGATCTTCCTGGGCCCCAAGTTCGACTGGTTCGGGCAAGAGATCCCCATCAACGAGAAG
R  I  F  L  G  P  K  F  D  W  F  G  Q  E  I  P  I  N  E  K
CGGCTCTACGTCATAGAGCTCGACAAGTTTGTTGCTAAAGTGAACAAGGGGGCAACCGTT
R L  Y  V  I  E  L  D  K  F  V  A  K  V  N  K  G  A  T  V
ATACAGCGGAAGAGCAGCGAGTCCAGCGTCGCAATTCCGGACAGAGAGACGACCAAAATA
I  Q  R  K  S  S  E  S  S  V  A  I  P  D  R  E  T  T  K  I
CTCGTGCGGCGGGTTGACGACGCGCTGCAGGGGAAGGCGACGTACACAGTGAACAAGGAT
L  V  R  R  V  D D  A  L  Q  G  K  A  T  Y  T  V  N  K  D
GTGCGCCATTGCGGCTACCCAGAGCGCCTGCTACTCCCCAAGGGCAAACGAGACGGCATG
V  R  H  C  G  Y  P  E  R  L  L  L  P  K  G  K  R  D  G  M
CCCTTCAGCCTCTTCGTAATTCTGACTGACTTTGATAAGGAGAAGGTGAATGATTTACCC
P  F  S  L  F  V  I  L  T  D F  D  K  E  K  V  N  D  L  P



TGGGACTACGACTACGGGGGCTCCATTAGCTACTGTGGTACCGTTTCGGGACACAAGTAC
W  D  Y  D  Y  G  G  S  I  S  Y  C  G  T  V  S  G  H  K  Y
CCGGACAGCAAGCCCATGGGATTCCCCTTCGATAGGCAAATCAACAGCGATAACTTCTTC
P  D  S  K  P  M  G  F  P  F  D  R  Q  I  N S  D  N  F  F
AGATCCAACATTTACCAGAAGGACGTTGTAATCACCTTCAAGGACAGCGAGTAGATCGGA
R  S  N  I  Y  Q  K  D  V  V  I  T  F  K  D  S  E  ***
CAGCGCTTCCGGTCGATAGCTACACATATACTGAATTTTGCACAAACTGTACATCAAATA
ACATGTCCCATCATGGGTCTGTATATTATTACGTGCCTAATCAGTATGGCTTCATTTGTG
TTTAGATTGAAAAGTTGTGTTTCAAATAATATTTGTCATACAATCATTGTCATAATATTT
CTATCGGAATTAATTCAAATAAAACATAGTTTGTGTAAAAAAAAAAAAAAAAAAAAAAAA [2305 bp]

Fig. S10. cDNA and deduced amino acid sequence of C. secundus hemocyanin subunit 1 (CseHc1,
FM242644). Copper-binding histidines are shaded in black, the putative signal peptide is in
boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



GCTTGTTTGTCTCAGCCGCCGACGTCGGA
ATGAGGCCAGCTACTGTTCTGCTTATCGTCCTGGGCGCTTGCGCACTTGCGTCTGCCGAA
M  R  P  A  T  V  L  L  I  V  L  G  A  C  A  L  A  S  A E
CAAAAAGCGGACGCAATCTTTCTGAAGCGACAGCTGCAGGTACTGAACCTGCTACGTCAC
Q  K  A  D  A  I  F  L  K  R  Q  L  Q  V  L  N  L  L  R H
CTGAACCAGCCGCTGATCGATCCTGAACTCTTAGTCTTCAAGAACTCTTTCAGCCCACTG
L  N  Q  P  L  I  D  P  E  L  L  V  F  K  N  S  F  S  P  L
AACAATCTGAACAAGTTCAAGGACCCGACGGCAGTAAAGAACTTTCTGAAACTGGTGACC
N  N  L  N  K  F  K  D  P  T  A  V  K  N  F  L  K  L  V  T
GAGGGGAAGCTACTCGAACGTGATGCAATCTTCAGCTTGTTCGACGCGCGCCAACGCGCC
E  G  K  L  L  E  R  D  A  I  F  S  L  F  D  A  R  Q  R  A
CAGATGGTGACGCTGTTCGAGGTGCTGTATGGCGCCACTGATTACGATACCTTCCTCAAG
Q  M  V  T  L  F  E  V  L  Y  G  A  T  D  Y  D  T  F  L  K
GCAGCCGCATGGGCGCGCGACCGCACCAACCCTCGCCAGTTCCTGTACGCTTTCAGCGTG
A  A  A  W  A  R  D  R  T  N  P  R  Q  F  L  Y  A  F  S  V
GCACTGTTGCACCGGGAAGACTGCAGGGGCGTGATACTGCCCCCCGCGTACGAGATCACT
A  L  L  H  R  E  D  C  R  G  V  I  L  P  P  A  Y  E  I  T
CCCCACATGTTCCTTACCACCGATGTCGTCAGGAAGGCTTACCAGGCCAAAATGATGAGG
P  H  M  F  L  T  T  D  V  V  R  K  A  Y  Q  A  K  M  M  R
ACGCCCACTGTGATTCCCATGAAATTCACGGGATCGGTAAACAACCCTGAGCAGCGGGTA
T  P  T  V  I  P  M  K  F  T  G  S  V  N  N  P  E  Q  R  V
GCATACTTTGGAGAGGACATCGGCATGAACTCGCATCACAGCCATTGGCACATGGACTTC
A  Y  F  G  E  D  I  G  M  N  S  H H S  H  W H M  D  F
CCCTTCTGGTGGAAGCAGGAATACACAGTGGACAAGGACCGGAAGGGAGAACTGTTCTTC
P  F  W  W  K  Q  E  Y  T  V  D  K  D  R  K  G  E  L  F  F
TATATGCACCATCAGATGGTCGCCAGGTTCGACGCCGAGCGTCTCTCAAACGACCTGCCA
Y  M H H  Q  M  V  A  R  F  D  A  E  R  L  S  N  D  L  P
GCGGTGGAGCCACTGGAGTGGGACCAGCAGATCACTGAGGGCTTTGCCCCCGCGGCGACC
A  V  E  P  L  E  W  D  Q  Q  I  T  E  G  F  A  P  A  A  T
TACGAGAATGGGCAGGAGTTTCCCATGCGGCCAGATAACATGAAGTTCTGTGACTTGCCT
Y  E  N  G  Q  E  F P  M  R  P  D  N  M  K  F  C  D  L  P
TCCCTCTCAGTTCGAGATATGAAGATCGTCGAGGGTCGCATCAGGGATGCTATCGCCTCT
S  L  S  V  R  D  M  K  I  V  E  G  R  I  R  D  A  I  A  S
TCCTTCGTCAAGACGGCCGACTCGCGGCTCCTATCTATCAACAACACGGCCGGCGTCAAC
S  F  V  K  T  A  D  S  R  L  L  S I N  N  T A  G  V  N
CTGCTAGGGGAGATCATCGAGTCCTCAGCGAACAGTGTCAACCCTGTATACTACGGTCAG
L  L  G  E  I  I  E  S  S  A  N  S  V  N  P  V  Y  Y  G  Q
CCGCACAACGACGGTCACGTGATGCTGTCCAAGGTGACGGATCCTCTCCAGCGCTACGGG
P H N  D  G H V  M  L  S  K  V  T  D  P  L Q  R  Y  G
GTCCCCCCTGGCGTCATGGAGCACTTTGAGACTGCGACTCGCGATCCTGCCTTCTTCAGG
V  P  P  G  V  M  E  H  F  E  T  A  T  R  D  P  A  F  F  R
TTGCACAAACATGTGGACAACCTCTTCAAGCTGCACAAAGACTTGCTCCTACCCTACGAC
L  H  K  H  V  D  N  L  F  K  L H K  D  L  L  L  P  Y  D
GTATCTGAGTTGGACTTTCCTGGCGTGAAGATAGAAGCTGTTAAGGTCGTTGGCAGCTGC
V  S  E  L  D  F  P  G  V  K  I  E  A  V  K  V  V  G  S  C
AAGGCCAGCACACCCAATCAGCTGATCACTTACTTTGACGAGTCGCACATTGATCTGAAC
K  A  S  T  P  N  Q  L  I  T  Y  F  D  E  S  H  I  D  L  N
AACATTGTGGAGAACGTAGGGCGGGAGCAACCCGTGGATATCAAGGCAGTGGTAAGCCGA
N  I  V  E  N  V  G  R  E  Q  P  V  D  I  K  A  V  V  S  R
CTGAACCATGAACCCTTCAAGTACGTCATCACAGTCAACTCCAAGAAGCCTGTAAGGGGG
L  N  H  E  P  F  K  Y  V  I  T  V  N  S  K  K  P  V  R  G
ATTGTCCGTATATTCCTTGCACCTAAGTTGAACTGGTTCGGCCAGCGAGTGCCCCTGGAC
I  V  R  I  F  L  A  P  K  L  N  W  F  G  Q  R  V  P  L  D
GTGGCCCGTTGGGGGTTCATTGAGTTGGACCGATTTCCAGTTAGACTGGCGAGCGGAGAC
V  A  R  W  G  F  I  E  L  D  R  F  P  V  R  L  A  S  G  D
AATATAGTGTCACGCAATTCTGTGGACTCCATCATCACCGTACCCGAGCCCAGAAGCTTC
N  I  V  S  R  N  S  V  D  S  I  I  T  V  P  E  P  R  S  F
TCGAACCTTGTAAGCGATGTCGAGAAGGCAATACGCGGCGAACAGGTGTTCAGCTACGAC
S  N  L  V  S  D  V  E  K  A  I  R  G  E  Q  V  F  S  Y  D
AAGTATTATCGACACTGCGGTTTCCCTCGCCGCCTGTTGCTGCCCAAGGGAAAACCTGAA
K  Y  Y  R  H  C  G  F  P  R  R  L  L  L  P  K  G  K  P  E



GGCATGGTTTATCAGCTGTACGTTGTTGTGACTGATTATGACAAAGACATTGTGGAACCA
G  M  V  Y  Q  L  Y  V  V  V  T  D  Y  D  K  D  I  V  E  P
GGAATACAGCCGGAAGATGTTGAGAACCTGAGCTCCCTTGGCTACTGCGGTGTCATGGAT
G  I  Q  P E  D  V  E N  L  S S  L  G  Y  C  G  V  M  D
GGAAAGATACCTGATGGCAGGCCCATGGGATTCCCCTTCGATCGACGCATTGTGTCTCCC
G  K  I  P  D  G  R  P  M  G  F  P  F  D  R  R  I  V  S  P
GAACAATTCCTTACTCCCAACATGGAGGTCGTGGATATCACTATCAAGAACGTGAACCAG
E  Q  F  L  T  P  N  M  E V  V  D  I  T  I  K  N  V  N  Q
AAGCCAGCAGAGTAGACAGCTCTTGAGATGGTGTCCTGCCTTTAGGGAACTGAAGTAAAT
K  P  A  E  ***
GGCATTCTACCAGTTTCCTGTCTTTCCAGAATATGTGACTGGATAAAATTGCCACAAATG
ATTACATTTATAGCTCTGAAAGCTTTCTTTAGTCATTGAATATTTTTCTAACGTTATAAA
TAAAGTCTGGACTTTTCTGAGAAAAAAAAAAAAAAAAAAAAAAA [2293 bp]

Fig. S11. cDNA and deduced amino acid sequence of C. secundus hemocyanin subunit 2 (CseHc2,
FM242645). Copper-binding histidines are shaded in black, the putative signal peptide is in
boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



ATCCCAAC
ATGAAGACGCTGCTGTTCCTACTACTAGGTGTGGCCTTGTACCATCAGGCCTGCGCAAGA
M  K  T L  L  F  L  L  L  G  V  A  L  Y  H  Q  A  C  A R
CAGGCACAAATCAACAGGGGAGTTCCCGTTGACAGGGAATTCCTCACGCGACAGAATGAG
Q  A  Q  I  N  R  G  V  P  V  D  R  E  F  L  T  R  Q  N  E
ATCTTGCATCTGCTCAACAAAGTCCACGAGCCCAACCGTTTCAAGGATCAATCGGAACTT
I  L  H  L  L  N  K V  H  E  P  N  R  F  K  D  Q  S  E  L
GGAAGAAGCTATGACCCCACTGCCCACTTCGACAAATACAAGAACGCAAGTCCTGTGAAG
G  R  S  Y  D  P  T  A  H  F  D  K  Y  K N  A  S P  V  K
TCACTGGTGAAGCTGTACACATCTGGCCAGCTACTGCCTCGTGGTCACATTTTCACGCTG
S  L  V  K  L  Y  T  S  G  Q  L  L P  R  G  H  I  F  T  L
TTCAACGACAAACATAGAGAACAGATGATTACAGTTTTCGAGTCATTATTTTACGCTCAA
F  N  D  K  H  R  E  Q  M  I  T  V  F  E  S  L  F  Y  A  Q
GATTGGGACACATTCTATCGCACAGCCTGCTGGGCTCGAGATCGTGTCAATGAAGGACAA
D  W  D  T  F  Y  R  T  A  C  W  A  R  D  R  V  N E  G  Q
TTCGTCTATGCCCTAAGCGTGGCAGTGCTGCACAGGGAAGACACGCGTGGTATCGTTCTT
F  V  Y  A  L  S  V  A  V  L  H  R  E  D  T  R  G  I  V  L
CCCCCAGCATACGAAATTTATCCTCATCTCTTCGTGAACTCAGAAGTTATCCATGCCGCC
P  P  A  Y  E  I  Y  P  H  L  F  V  N  S  E  V  I  H  A  A
TACAGGGCCAAGATGCGTCAAGAACCTGCGGTCGTGCGCATGAACTTCACTGGAACCGTC
Y  R  A  K  M  R  Q  E  P  A  V  V  R  M N  F  T G  T  V
AGGAACCCAGAGCAGAGAGTGGCTTATTTGGGAGAAGACGTGGGAATGAATTCCCACCAT
R  N  P  E  Q  R  V  A  Y  L  G  E  D  V  G  M  N  S  H H
TCTCACTGGCACATGGATTTCCCTTTCTGGTGGAAAGAACAAGAGTACGGAAGCCATAAG
S  H  W H M  D  F  P  F  W  W  K  E  Q  E  Y  G  S  H  K
GACCGCAAAGGCGAACTCTTCTATTGGATGCATCATCAACTTATCTCACGTTTCGATCTT
D  R  K  G  E  L  F  Y  W  M H H  Q  L  I  S  R  F  D  L
GAACGTCTTTCTAACGACCTTCCATTTGTGGAGCCTTTATACTGGGACGAGAAGATCGTC
E  R  L  S  N  D  L  P  F  V  E  P  L  Y  W  D  E  K  I  V
GATGGATTTTATCCTCAAACTACTTACAGAGTAGGTGGCGAATTCCCTGCAAGGCCTGAC
D  G  F  Y  P  Q  T  T  Y  R  V  G  G  E  F  P  A  R  P  D
AATTTTGAATTTCAAGACCTGAAGAACATCAAGGTGAAGGACATGGTGGACTACACAAGG
N  F  E  F  Q  D  L  K  N  I  K  V  K  D  M  V  D  Y  T  R
AGAATCAGAGAAGCCATCTCACAGCAAGCCGTAATTACGAAAAACGGCGATTATTACTCG
R  I  R  E  A  I  S  Q  Q  A  V  I  T  K  N  G  D  Y  Y  S
TTGAACGATACCACAGGAATTGACACTCTGGGCGCTCTGATAGAACCATCAGTGGACTCC
L N  D  T T  G  I  D  T  L  G  A  L  I  E  P  S  V  D  S
AAACATCCGGAATACTATGGAGCTCTTCATAACTATGGACATATCATGCTGGGTCAGATA
K  H  P  E  Y  Y  G  A  L H N  Y  G H I  M  L  G  Q  I
ACAGACCCCAAGGGGAAATTCAACATGCCTCCAGGAGTGATGGAACATTTCGAAACAGCA
T  D  P  K G  K  F  N  M  P  P  G  V  M  E  H  F  E  T  A
ACTCGCGATCCAGCTTTTTTCAGACTCCACAAATACATCGACAATCTTTTCAAGCTGCAT
T  R  D  P  A  F  F  R  L H K  Y  I  D  N  L  F  K  L  H
AAGGATCTCCTGCCCAAATATACTCAAGCAGAGCTCAGCTTTCCTGGCGTAAAAGTGAGC
K  D  L  L  P  K  Y  T  Q A  E  L  S  F  P  G  V  K  V  S
GATGTAACTGTGGACGAACTCGTCACCTACTTCGAGGATTTCGATATCGACTTGTTGAAC
D  V  T  V  D  E  L  V  T  Y  F  E  D  F  D  I  D  L  L  N
GCCCTGGATGATACTCAAGAATTAGATGACGTAGAAATCAAGGCACGCGTACGCAGGTTG
A  L  D  D  T  Q  E  L  D  D  V  E  I  K A  R  V  R  R  L
AACCACAAACCCTTCACTTTCCATATTACCATCAACAGTGAGCTAGACGCCACAGCAGCT
N  H  K  P  F  T  F  H  I  T  I  N  S  E  L  D  A  T  A  A
GTGAGAGTTTTCCTGGGTCCAAAATATGACTGGTTCGGTCAAGAGATCCCCATCAATGAG
V  R  V  F  L  G  P  K  Y  D  W  F  G  Q  E  I  P  I N  E
AAGCGTCTCTACATGGTCGAGATTGATAAGTTCGTTGCTAAAGTGAACAAAGGGACAACA
K  R  L  Y  M  V  E  I  D  K  F  V  A  K  V  N  K  G  T  T
GTCGTGCAGCGTAAGAGTTCTGAGTCGAGTGTCACCATTCCGGACAGAGAAACTACTAAG
V  V  Q  R  K  S  S  E  S  S  V  T  I  P  D  R  E  T  T  K
GATCTCGTCAAGAAAGTTCATGATGCTCTTGAAGGGAAATCCAGCTTCTACGTGTGCAAG
D  L  V  K  K  V  H  D  A  L  E  G  K  S  S  F  Y  V  C  K
GATGTGCGCCATTGTGGTTATCCTGACCGCCTGCTTCTGCCCAAGGGCAAGAAGGAAGGA
D  V  R  H  C  G  Y  P  D  R  L  L  L  P  K  G  K  K  E  G
ATGCCCTTCACTCTATATGTTATTGTCACCGACTTCGAGAAAGAAAAGGTGAACGACTTA
M  P  F  T  L  Y  V  I  V  T  D  F  E  K  E  K  V  N  D  L



CCTTGGGACTACGACTACGGTGGCTCAATATCATACTGCGGTGTGCTGTCCGGCCATAAG
P  W  D  Y  D  Y  G  G  S  I  S  Y  C  G  V  L  S  G  H  K
TACCCAGACAGCAAGCCCATGGGCTTCCCATTCGACAGACATATTGATGGTGATCATTTC
Y  P  D  S  K  P  M  G  F  P  F  D  R  H  I  D  G  D  H  F
TTCACTGAAAATATGTACCAGAAAGAAGTCAAAATTACTTTCCAGGACAATGAATGAATA
F  T  E  N  M  Y  Q  K  E  V  K  I  T  F  Q  D  N  E  ***
TTTTCATTACTTTATACCACTGATGCAATAAAATACATTTTTACTTAAAAAAAAAAAAAA
AAAAAAAAAA [2118 bp]

Fig. S12. cDNA and deduced amino acid sequence of B. dubia hemocyanin subunit 1 (BduHc1,
FM242646). Copper-binding histidines are shaded in black, the putative signal peptide is in
boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



ATTGTTGGCCCTAGTC
ATGAAGTTGCTCGGGATTCTGGTGTCGTGCGCCTGCGTCGTCGCCGCCGCGGTCGCCGTC
M  K  L  L  G  I  L  V S  C  A  C  V  V  A  A  A  V  A V
CAACAAAAGGCGGACGGGGTTTTCCTGAACCGGCAGATAAGCGTATTAAAACTACTGCAG
Q  Q  K  A  D  G  V  F  L  N  R  Q  I  S  V  L  K  L  L  Q
CATCTGAACCAGCCACTGGTGGACTCTGATCTCACCGCGTATAAGGAATCATTCAGCCCG
H  L  N  Q  P  L  V  D  S  D  L  T  A Y  K  E  S  F  S  P
CTGAACAACCTGAACCGCTATCGAGATGCTGAAGTGGTGAAGCAATACGTGGGACTCGTC
L  N  N  L  N  R  Y  R  D  A  E  V  V  K  Q  Y  V  G  L  V
GAGTCCGGCAAGCTCCTGCACCGCGATGGAATCTTCGGCCTCTTCAACCCAGAGCATCGC
E  S  G  K  L  L  H  R  D  G  I  F  G  L  F  N  P  E H  R
CAACAGATGATCGTGCTCTTCGAGACCTTGTACGGAGCTTCAGACTGGGATACCTTCTTC
Q  Q  M  I  V  L  F  E  T  L  Y  G  A  S  D  W  D  T  F  F
AAGACTGCAGTGTGGGCTCGAGATCGCACCAACCCTCGCCAGTTTCTCTATGCCTTTAGT
K  T  A  V  W  A  R  D  R  T  N  P  R  Q  F  L  Y  A  F  S
GTTGCCCTTCTCCATAGGGAGGACTGCAGAGGAATCAAGCTACCGCCCCAGTACGAGATC
V  A  L  L  H  R  E  D  C  R  G  I  K  L  P  P  Q  Y  E  I
ACCCCTCATGTTTTCCTTACTACTGATGTCGTCAGGAAGGCTTACCAGGCCAAGATGACA
T  P  H  V  F  L  T  T  D  V  V  R  K  A  Y  Q  A  K  M  T
AGGACTCCAACAGTAATTCCCATGAAGTTCACTGGATCGGCGAACAACCCCGAACAAAGA
R  T  P  T  V  I  P  M  K  F  T  G  S  A  N  N  P  E  Q  R
GTAGCGTACTTCGGAGAAGACATCGGGCTCAACTCTCATCACGCTCACTGGCACATGGAC
V  A  Y  F  G  E  D  I  G  L  N  S  H H A  H  W H M  D
TTCCCGTTCTGGTGGAAACCTGAGTATGACGGAGACAAGGACCGCAAAGGAGAACTGTTT
F  P  F  W  W  K  P  E  Y  D  G  D  K  D  R  K  G  E  L  F
TTCTACATGCATCACCAAGCAGTGGCAAGGTTTGATGCCGAGAGGCTTTCTAATGATCTG
F  Y  M H H  Q  A  V  A  R  F  D  A  E  R  L  S  N  D  L
CCCGTAGTGCAGCCATTGGAATGGGACAAGAAGATCGTGGAAGGATTTGCACCTGGCGCA
P  V  V  Q  P  L  E  W  D  K  K  I  V  E  G  F  A  P  G  A
TCCTATGAAAACGGACAAGAGTTCCCCATGAGGCCTGACAACATGCAGTTCTCGGACTTG
S  Y  E  N  G  Q  E  F  P  M  R  P  D  N  M  Q  F  S  D  L
CCCTGGCTTACTGTGCAGGATATGAGGTTGTACGAGGGACGCATTAGGGATGCTATTGCT
P W  L  T  V  Q  D  M  R  L  Y  E  G  R  I  R  D  A  I  A
TCTGGCTTCGTAAGGACGGCCGAGGGAAAATTGGTCAGTCTGAACAACACCGTTGGAATC
S  G  F  V  R  T  A  E  G  K  L  V  S  L N  N  T V  G  I
AATTACCTGGGGGAAGTGGTGGAATCGTCAGTTCACAGCGTGAATCCCGTCTTCTATGGC
N  Y  L  G  E V  V  E  S  S  V  H  S  V  N  P  V  F  Y  G
AAACTACACAATGATGCCCACGTGTTGTTGTCCAAAGTGACTGATCCCAAGTTGCGGTAC
K  L H N  D  A H V  L  L  S  K  V  T  D  P  K  L  R  Y
GGTGTACCACCAGGAGTAATGGAACATTTCGAAACTGCGACACGCGACCCAGCCTTCTTC
G  V  P  P  G  V  M  E  H  F E  T  A  T  R  D  P  A  F  F
AGATTGCACAAACACGTGGACAATATCTTCAAGTTGCACAAGGATCTGCTACCCCCTTAT
R  L H K  H  V  D  N  I  F  K  L  H  K  D  L  L  P  P  Y
GATGTGTCCGAGTTGGAGTTTCCAGGAGTGAAAGTAGAGGCGGTGAAAGTGATCGGCACT
D  V  S  E  L  E  F  P  G  V  K  V  E  A  V K  V  I  G  T
TGCAAGGCTAGCACACCCAATCAACTAATTACCTATTTTGACGAGTCTCACATCGACCTC
C  K  A  S  T  P  N  Q  L  I  T  Y  F  D  E  S  H  I  D  L
GGAAATGCTGTTGATACAGCAACACACAAACAGGTTGTCGACATAAAGGCAGTTGTAAGC
G  N  A  V  D  T  A  T  H  K  Q  V  V  D  I  K  A  V  V S
CGTTTGAACCACGAACCCTTCAAGTATGTGATCACCGTAAACTCGAAACGTCCAGTGAAT
R  L  N  H  E  P  F  K  Y  V  I  T  V  N  S  K  R  P  V  N
GCCATCGTGCGCATTTTCTTGGCACCAAAGTATGACTGGTTCGGACAGAAAGTGCCTCTC
A  I  V  R  I  F  L  A  P  K  Y  D  W  F  G  Q  K  V  P  L
GACGCGGCCAGATGGGGCGTCATTGAATTGGACCGCTTCCCAGTCAAACTTGTGAACGGA
D  A  A  R  W  G  V  I  E  L  D  R  F  P  V  K  L  V  N  G
GACACTGTAATCACACGTAGCTCCGACCAATCGACAGTGACTATTCCAGAGCCTAAGAGT
D  T  V  I  T  R  S  S  D  Q  S  T  V  T  I  P  E  P  K  S
TATCCTGAATTGGTAAACGATGTGGAGCGTGCTGTTCGTGGTGAAGTGGACTTCGTGTAC
Y  P  E  L  V  N  D  V  E  R  A  V  R  G  E  V  D  F  V  Y
GATAAGCACCATCGTCACTGCGGCCTCCCCCACCGTCTCCTGCTTCCCAAGGGCAAGCCT
D  K  H  H  R  H  C  G  L  P  H  R  L  L  L  P  K  G  K  P



GAGGGTATGGACTTCAAACTCTATGTGGTCATCTCCGACTTCGACAAAGATGTTGTATCA
E  G  M  D  F  K  L  Y  V  V  I  S  D  F  D  K  D  V  V  S
TCTGAAGTGAACGTTGACGACTTGCATCACATTTCGTCTCTCGGCTACTGCGGAGTCCTC
S  E  V  N  V  D  D  L  H  H  I  S  S  L  G  Y  C  G  V  L
GATGGCAAGATTCCTGATGGTAAACCAATGGGCTTCCCCTTCGATAGACGCATACCTTCA
D  G  K  I  P  D  G  K  P  M  G  F  P  F  D  R  R  I  P  S
GAAGAACTCTTCCTCACTCCTAACATGAAGGTCGTGAACTTGGTGATCAAGAACGTCCGC
E  E  L  F  L  T  P  N  M  K  V  V  N  L  V  I  K  N  V  R
CAGAAACCAGTAGAATAAAGCATATTCCTGTATAGAGTGTTTCAATAAGATACCAATAAA
Q  K P  V  E  ***
ATGAACAACACATTGTTATTGAAATAATTAAAAAAAAAAAAAAAAAAAAAAAAAA [2171 bp]

Fig. S13. cDNA and deduced amino acid sequence of B. dubia hemocyanin subunit 2 (BduHc2,
FM242647). Copper-binding histidines are shaded in black, the putative signal peptide is in
boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



GAAAAATGTGTGGTGGGGCAACCAAC
ATGAAGTGGCAATTGGTGACCTTCTTGGGGGTGGCACTGTGCTACCTGGCTAGCGCCAAG
M  K  W  Q  L  V  T  F  L  G  V  A  L  C  Y  L  A  S  A K
CTCAGCGAAGTACCAGCCGACAAAGAGTTCTTGGTGAGGCAGAGGGAGGTGCTGAGACTG
L  S  E  V  P  A  D  K  E  F  L  V  R  Q  R  E  V  L  R  L
CTCAACAAGGTTCATGAACCCAACAGATTCAAAGAGCAAGCTGAGCTGGGACGCAGCTAT
L  N  K  V  H  E  P  N  R  F  K  E  Q  A  E  L  G  R  S  Y
GATCCTACAGCACACTTCAGCAAGTATAAGAACGCGGTTCCTGTGAAGAGGATGGTGAAA
D  P  T  A  H  F  S  K  Y  K  N  A  V  P  V  K  R  M  V  K
GAGTATATGGCAGGTCATATGCTGCCTCGTGGCGCCATCTTCACCCTCTTCAACAATAAG
E  Y  M  A  G  H  M  L  P  R  G  A  I  F  T  L  F  N  N  K
CACCGCGAGGAGATGATAACGGTGTTCGAGTCCTTCTTCTTCGCGGAGGACTGGGACACC
H  R  E  E  M  I  T  V  F  E  S  F  F  F  A  E  D  W  D  T
TTCTACCGCACGGCTTGCTGGGCCCGCGATCGCGTCAATGAGGGGCAATTCATCTACGCT
F  Y  R  T A  C  W  A  R  D  R  V  N  E  G  Q  F  I  Y  A
CTGAGCCTCGCTGTGCTCCACAGGGAGGACACGCGCGGCATCGTGCTGCCACCTGCCTAC
L  S  L  A  V  L  H  R  E  D  T  R  G  I  V  L  P  P  A  Y
GAGATCTACCCGCATCTCTTCGTCAACTCCGAGGTCATCCACGCTGCTTACAAGGCCAAG
E  I  Y  P  H  L  F  V  N S  E  V  I  H  A  A  Y  K  A  K
ATGAGGCAGGAGCCTGCCGTAGTCCGCATGAATTTTACAGGTACAATAAGGAATCCTGAA
M  R  Q  E  P  A  V  V  R  M N  F  T G  T  I  R  N  P  E
CAGCGCGTCGCTTATTTGGGCGAAGATGTGGGAATGAACTCTCATCACAGCCACTGGCAC
Q  R  V  A  Y  L  G  E  D  V  G  M  N  S H H S  H  W H
ATGGACTTCCCCTTCTGGTGGAAACAGGAGGAGTACGGCGTGCACAAGGACCGCAAAGGC
M  D  F  P  F  W  W  K  Q  E  E  Y  G  V  H  K  D  R  K  G
GAGCTTTTCTACTACATGCACCACCAGCTGATCGCACGCTTCGACGCCGAGCGCCTGTCC
E  L  F  Y  Y  M H H  Q  L  I  A  R  F  D  A  E  R L  S
AACGACCTTCCCATCGTGGAACCACTCTACTGGGACGAAAAGATCGTAGACGGCTTCTAC
N  D  L  P  I  V  E  P  L  Y  W  D  E  K  I  V  D  G  F  Y
CCACAGACAACATACCGTGTGGGTGGGGAGTTCCCGGCACGCCCCGACAACTTTGAATTC
P  Q  T  T  Y  R  V  G  G  E  F  P  A  R  P  D  N  F  E  F
CATGACTTGGAACACATCAAAGTCAAGGATATGATGGATTACACGCGCAGGATCCGAGAG
H  D  L  E  H  I  K  V  K  D  M  M  D  Y  T  R  R  I  R  E
GCCATCTCTCAACAGGCCGTCGTCACGAGGACGGGTGAGATGGTGTCCCTGAACAACACG
A  I  S  Q  Q  A  V  V  T  R  T  G  E  M  V  S  L N  N  T
CAAGGCATCGACATTCTCGGCTGCATGGTGGAACCTTCACACGATTCCAAGCACCCCGAG
Q  G  I  D  I  L  G  C  M  V  E  P  S  H  D  S  K  H  P  E
TACTATGGAGCTCTGCACAACTACGGCCACATTATGCTGGGTCAGATTACCGATCCCAAA
Y  Y  G  A  L H N  Y  G H I  M  L  G  Q  I  T  D  P  K
GGAAAGTTCAACATGCCTCCTGGAGTAATGGAACATTTCGAGACTGCAACCCGTGACCCC
G  K  F  N  M  P  P  G  V  M  E  H  F  E  T  A  T  R  D  P
GCCTTTTTCCGCCTGCACAAATATATCGACAATCTGTTCAAGCTTCATAAGGACTTGCTG
A  F  F  R  L H K  Y  I  D  N  L  F  K  L  H  K  D  L  L
CCCCATTACACTATGGAAGAGCTTGGATTTAACGGAGTGACCATCCAGGACTTGACCGTA
P  H  Y  T  M  E  E  L  G  F  N  G  V  T  I  Q  D  L  T  V
GACGATCTGGTCACGTACTTCGAGGACTTCGACATCGATATGCTGAACGCACTGGATGAT
D  D  L  V  T  Y  F  E  D  F  D  I  D  M  L  N  A  L  D  D
ACGGCTGAACTGCAGGACGTGGACATCAAGGCGCGAGTGCGCAGGCTGAACCACAAGCCC
T A  E  L  Q  D  V  D  I  K  A  R  V  R  R  L  N  H  K  P
TTCTCCGTGCAGGTGACCGTCAATAGCGAACGCGATGCCATGGCTGTCGTGCGAATTTTC
F  S  V  Q  V  T  V  N  S  E  R  D  A  M  A  V  V  R  I  F
CTCGCGCCCAAGTACGATTGGTTCGGCCAGGAGATTCCCATCAACGAGAAACGACTGTAC
L  A  P  K  Y  D W  F  G  Q  E  I  P  I  N  E  K  R  L  Y
ATGATCGAGATTGACAAGTTCGTCACAAAAGTAAACAAAGGAACAACAGTGGTACAGCGC
M  I  E  I  D  K  F  V  T  K  V  N  K  G  T  T  V  V  Q  R
AAGAGCAGCGAGTCCAGTGTCACGATCCCTGACCGCGAGACCACGAAGGTCCTTACCAAA
K  S  S  E  S  S  V  T  I  P  D R  E  T  T  K  V  L  T  K
CGAGTGGAAGAAGCACTGCAGGGCAAGACTACTTACATGGTGAACAAGGATGTGCGCCAC
R  V  E  E  A  L  Q  G  K  T  T  Y  M  V  N  K  D  V  R  H
TGTGGCTACCCTGATCGCCTGTTGCTGCCAAAGGGCAAGAAGGACGGCATGATCTTCACT
C  G  Y  P  D  R  L  L  L  P  K  G  K  K  D G  M  I  F  T



ATGTATGTCATCGTCACGGACTACGAGACGGAAAAGGTGAACGATCTACCCTATGATTAC
M  Y  V  I  V  T  D  Y  E  T  E  K  V  N  D  L  P  Y  D  Y
GAGTATGGAGGTGCTATCAGCTACTGCGGCACTCTGGCGGGACACAAGTACCCCGTCAAT
E  Y  G  G  A  I  S  Y  C  G  T  L  A  G  H  K  Y  P  V  N
AAGCCCATGGGCTTCCCCTTCGACAGACAGATCGACGGAGATAATTTCTGCACACCCAAT
K  P  M  G  F  P  F  D  R  Q  I  D  G  D  N  F  C  T  P  N
ATGTTCCAGAAGGATGTCATCATCACTTTTAAGGATACCATATAGAAGGGACCGGGAATT
M  F  Q  K  D  V  I  I  T  F  K  D  T  I  ***
TGAGTATTTTCTTGGGAATACAATTCTGTTTAATAGCTCTATATTATTTTCTTTCGTACA
ATAAAAATAAAGACTAAAACGCTATTTGTTAATTCTGATTTCCTTCAAGGCTAGTAAAAT
TACTAATAAACATTTGAAATAAATTCATTTACAGCAAATATAGACTGAAACGGCTAGGAT
ATAAATGTTCATTGAAATAAATAAAAGCAATTAATACGATATTAACTAGTGTCAGAAAAT
ACTGTTATTGCAGAGATTTTAGAAAATGAAAATTGGCTTCTAGATAATGGAAATGTTTTA
TGATATATATGTACAATAATGTAAAATATATGAAACAGTGTAGCCTAATTCAGTTCTCAC
CTAATCTCAGAAATGAAAAGTCTCAACAAACCTCATCTCCATTATCATTCATAATTTCAA
TGATATTGAGTAAACATTTCACACGTTGTCTCGTAATGTAATCCTGTGTTTCAAACGCTG
CTTTGTATAACCTGGAGAAATTGGAGTATTATTGTGAGAACATTCTATATATTATATGTG
ACAACTTGTGGAGAACAGTACAGATCCATTTACGGAGACAGAATCCATAACCGGACCGAA
CTGTCGTAAATCTCTTTAATGTGTGTAGTGTTGGTTGCCTAATGAACTGGACTAAAGTCA
TTGTACTTGTCACATAACGTGTCTAAACCATGTATCATATTATGCATTCACTCTTTAACA
ATAAAGCAACATCATATCAAATTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA [2844 bp]

Fig. S14. cDNA and deduced amino acid sequence of P. americana hemocyanin subunit 1
(PamHc1, FM242648). Copper-binding histidines are shaded in black¸ the putative signal peptide is
in boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



GAAAAAGTTTCTTGTAATTATCTTGTCAATCAGGACCGGCATCATCGAA
ATGAAGTTGGTCTGGGCGCTTGCTATAGCCCTTGGCGCCTGCGCCCTTGTCGTCGCTGAC
M  K  L  V  W  A  L  A  I  A  L  G A  C  A  L  V  V  A D
CAGAAGGCGGATATGACCTTCCTGACGCGACAACTGCAAGTGCTGAAACTTCTGCGGCAC
Q  K  A  D  M  T  F  L  T  R  Q  L  Q  V  L  K  L  L  R  H
CTGAACCAGCCTCTTAGCGATCCTGAACTTACGGCTATTAAGAATTCATTCAGCCCATTG
L  N  Q  P  L  S  D  P  E  L  T  A  I  K  N  S  F S  P  L
AACCACTTGAACAAATTCAAGGAACCCGAAACAGTGAAACTCTTAGTAGGACTGATTACC
N  H  L  N  K  F  K  E  P  E  T  V  K  L  L  V  G  L  I  T
AAGGGTAAGGTGCTGCAGCGGGACACTGTCTTCAGCTTGTTTCACCCCCGGCACCGTTAT
K  G  K  V  L  Q  R  D  T  V  F  S  L  F  H  P  R  H  R  Y
GAGATGGTGACGCTCTTCGAGACCCTGTACGGTGCGACGGACTATGACACGTTCTTCCGT
E  M  V  T  L  F  E  T  L  Y  G  A  T  D  Y  D  T  F  F  R
ACTGCCGTGTACGCACGCGACCGCCTCAACCCGCGCCAATTCCTGTATGCGTTCAGCGTG
T  A  V  Y  A  R  D  R  L  N  P  R  Q  F  L  Y  A  F  S  V
GCACTGCTGCATCGTCAGGACTGCAGGGGCATCTGCCTACCGCCGGCCTACGAGATCACG
A  L  L  H  R  Q  D  C  R  G  I  C  L  P  P  A  Y  E  I  T
CCCCACATGTTTCTGACCACCGATGTCGTCAGGAAGGCGTATAAGGCCAAGATGACAAGA
P  H  M  F  L  T  T  D  V  V  R  K  A  Y  K  A  K  M  T  R
ACACCAACTGTCATCCCGATGAAGTTCACTGGCTCTGTAAACAATCCCGAACAGAGGGTA
T  P  T  V  I  P  M  K  F  T  G  S  V  N  N  P  E  Q  R  V
GCCTACTTTGGGGAAGATATTGGCATGAACTCACACCACAGCCATTGGCACATGGACTTC
A  Y  F  G  E  D  I  G  M  N  S  H H S  H  W H M  D  F
CCCTTCTGGTGGAAACAGGAGTATGCGGGCTACAAAGACCGCAAGGGAGAACTGTTCTAC
P  F  W  W  K  Q  E  Y  A  G  Y  K  D  R  K  G  E  L  F  Y
TACATGCATCATCAAATGGTTGCCAGGTTCGATGCCGAGCGACTATCTAACGATTTGCCA
Y  M H H  Q  M  V  A  R  F  D  A  E  R  L  S  N  D  L  P
GTAGTAGAACCATTGGAATGGGACCAAAAGATCGTGGAAGGTTTTGCACCCGGCGCCACC
V  V  E  P  L  E  W  D  Q  K  I  V  E  G  F  A  P  G  A  T
TATGAAAACGGCCAGGAGTTCCCCATGAGGCCGGATAATATGTGCTTCAGCGATCTTCCC
Y  E  N  G  Q  E  F  P  M  R  P  D  N  M  C  F  S  D  L  P
TTCCTCACAGTTCAAGACATGAAAATATTCGAGGGCCGCATCCGCGACGCCATCGCTTCT
F  L  T  V  Q D  M  K  I  F  E  G  R  I  R  D  A  I  A  S
GGATATGTGAAGACGGTTGACTCCCGATTGATGAGTCTGAATAACACGGCTGGCATAAAC
G  Y  V  K  T  V  D  S  R  L  M  S  L N  N  T A  G  I  N
CTTCTGGGCGAGATTGTGGAGTCTTCGACACACAGTGTCAACCCCGTGTTCTACGGCAAG
L  L  G  E  I  V  E  S  S T  H  S  V  N  P  V  F  Y  G  K
TTGCACAACGACGGTCACGTGATGTTGTCCAAAGTGACGGACCCACACCTTCGCTACGGT
L H N  D  G H V  M  L  S  K  V  T  D  P  H  L  R  Y  G
GTTCCTCCTGGCGTAATGGAACACTTCGAGACTGCAACCCGCGATCCCGCTTTCTTCCGC
V  P  P  G  V  M  E  H  F  E  T  A  T  R D  P  A  F  F  R
CTACACAAGCACGTGGACAACCTGTTCAAGTTTCACAAGGACTTGCTCGTTCCCTACAGC
L H K H  V  D  N  L  F  K  F  H  K  D  L  L  V  P  Y  S
TTTCATGAGCTGGAGTTCCCGGGTGTGAAAATCGAGGCTGTGAAGGTCATCGGCACTTGC
F  H  E  L  E  F  P  G  V  K  I  E  A  V  K  V  I  G  T C
AAGGCCAGCACGCCAAACCATCTCATCACTTACTTCGACGAGTCACACATCGACCTCAAC
K  A  S  T  P  N  H  L  I  T  Y  F  D  E  S  H  I  D  L  N
AATATAGTGGACACTTCCGGCCAGAAAGAAGTGGTCGACATCAAGGCACTGGTAGGCCGG
N  I  V  D  T  S  G  Q  K  E  V  V  D  I  K  A  L  V  G  R
TTGAACCACGAGCCCTTCAAGTACGTGATCACGGTACACTCTGAGAAGCCGGTGCGCGCC
L  N  H  E  P  F  K  Y  V  I  T  V  H  S  E  K  P  V  R  A
ATCGTGCGCGTCTTCCCGCTACCCAAGTACAACTGGTTCGGTCAGATGGTTCCACTGGAT
I  V  R  V  F  P  L  P  K  Y  N  W  F  G  Q  M  V  P  L  D
GAGGCACGCTGGGGAGCCATCGAGCTGGACCGCTTCCCTGTCTCTCTGGTGCACGGTGAC
E  A  R  W  G  A  I  E  L  D  R  F  P  V  S  L  V  H  G  D
AACATCGTTACACGTAACTCTGAAGATTCCACAGTGACCATCCCAGAGCCACGCAGCTTC
N  I  V  T  R  N  S  E  D  S  T  V  T  I  P  E  P  R  S  F
CCAGATCTCATGAGCGACGTGCAAAAAGCCATCCGAGGAGAGCAGGATTTCAAATACGAC
P  D  L  M  S  D  V  Q  K  A  I  R  G  E  Q  D  F  K  Y  D
ATTCATCATCGCCACTGTGGCTTCCCACACCGCCTATTGCTGCCTAAGGGGAAACCGGAA
I  H  H  R  H  C  G  F  P  H  R  L  L  L  P  K  G  K  P  E



GGCATGGTCTACAGGCTGTTCGTCGTGGTCACCGACTATGACAAGGACGTCGTGGCGCCA
G  M  V  Y  R  L  F  V  V  V  T  D  Y  D  K  D  V  V  A  P
GGAATGTCTCCAGATGACGTAAATACACTGTCATCTCTGGGTTACTGTGGTGTGATGGAC
G  M  S  P  D  D  V  N  T  L  S  S  L  G  Y  C  G  V  M  D
GGAAAGATGCCGGACGGTAAACCGATGGGATTCCCCTTCGACCGACGTGTGCCCTCGGAA
G  K M  P  D  G  K  P  M  G  F  P  F  D  R  R  V  P  S  E
GAGACCTTTTACACACCCAACATCAAGACCATTGACCTCACCATCAAGAACGTCAAGCAG
E  T  F  Y  T  P  N  I  K  T  I  D  L  T  I  K  N  V  K  Q
AAACCTACCGAGTAGATTAGTAAGCGCCTGCCTTGTGCAGTTATGATGTAATACGTACAG
K  P  T  E  ***
TAGGGAAACTTCATCTGTTCCTTTGTCTGTATAGTCCTGACAGTGTTAGCATTTTATACA
ACGTTTGGATCAATAATGAAGGATATTCTTTCTTTCTATCTTTATAACAGATAATGGAAC
TAATTTTAATGTGGAAGATGAACTGCATTAAATATATAACTTAAAAAAAAAAAAAAAAAA
AAAAA [2334 bp]

Fig. S15. cDNA and deduced amino acid sequence of P. americana hemocyanin subunit 2
(PamHc2, FM242649). Copper-binding histidines are shaded in black, the putative signal peptide is
in boldface, and the potential N-glycosylation sites (NXS/T) are boldface and underlined; in the
cDNA, the putative polyadenylation signal is underlined.



ATGGACTTCCCGTTTTGGTGGAAACAGGAGGAGTACGGCGTGCACAAGGACCGCAAAGGC
M  D  F  P  F  W  W  K  Q  E  E  Y  G  V  H  K  D  R  K  G
GAGCTCTTCTACTACATGCACCACCAGCTGATCGCACGCTTCGACGCCGAGCGCCTGTCC
E  L  F  Y  Y  M H H  Q  L  I  A  R  F  D  A E  R  L  S
AACGACCTGCCCATCGTGGAACCGCTCTACTGGGACGAGAAGATCGTAGACGGCTTCTAC
N  D  L  P  I  V  E  P  L  Y  W  D  E  K  I  V  D  G  F  Y
CCTCAGACAACATACCGTGTGGGAGGGGAGTTCCCGGCACGTCCCGACAACTTTGAATTC
P  Q  T  T  Y  R  V  G  G  E  F  P  A  R  P  D  N  F  E  F
CATGACTTGGAACACATCAAAGTCAAGGATATGATGGATTACACGCGCAGGATCCGAGAG
H  D  L  E  H  I  K  V  K  D  M  M  D  Y  T  R  R  I  R  E
GCCATCTCTCAACAGGCCGTCGTCACGAGGACGGGCGAGATGGTGTCCCTAAACAACACG
A  I  S  Q  Q  A  V  V  T  R  T  G  E  M  V  S  L N  N  T
CAGGGCATCGACATTCTCGGCTGCATGGTGGAACCTTCACACGACTCCAAGCACCCCGAG
Q  G  I  D  I  L  G  C  M  V  E  P  S  H  D  S  K  H  P  E
TACTATGGAGCTTTGCACAACTACGGCCACATCATGCTGGGCCAGATTACCGATCCCAAG
Y  Y  G  A  L H N  Y  G H I  M  L  G  Q  I  T  D  P  K
GGGAAGTTCAACATGCCTCCTGGAGTAATGGAACACTTCGAAACCGCCAC [530 bp]
G  K  F  N  M  P  P  G  V  M  E  H  F  E  T  A

Fig. S16. Partial cDNA and deduced amino acid sequence of S. lateralis hemocyanin subunit 1
(SlaHc1, FM242652). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined.



ATGGACTTCCCGTTTTGGTGGAAACAGGAGTATGCGGGCTACAAAGATCGCAAGGGAGAA
M  D  F  P  F  W  W  K  Q  E  Y  A  G  Y  K  D  R  K  G  E
CTGTTCTTCTACATGCATCATCAAATGGTTGCCAGGTTCGATGCCGAGCGACTATCTACC
L  F  F  Y M H H  Q  M  V  A  R  F  D  A  E  R  L  S  T
GATTTGCCAGTAGTAGAACCATTAGAATGGGACCAAAAGATCGTGGAAGGTTTTGCACCC
D  L  P  V  V  E  P  L  E  W  D  Q  K  I  V  E  G  F  A  P
GGCGCCACCTATGAAAACGGCCAGGAGTTCCCCATGAGGCCGGATAACATGCGCTTCAGC
G  A  T  Y  E  N  G  Q  E F  P  M  R  P  D  N  M  R  F  S
GATCTTCCCTTCCTCACAGTTCAAGACATGAAAATATTCGAGGGTCGCATCCGCGACGCC
D  L  P  F  L  T  V  Q  D  M  K  I  F  E  G  R  I  R  D  A
ATCGCTTCTGGATATGTGAAGACGGCTGACTCGCGACTGATGAGTCTGAATAACACGGAT
I  A  S  G  Y  V  K  T  A  D  S  R  L M  S  L N  N  T D
GGCATAAACCTTCTGGGCGAGATTGTGGAGTCCTCGGCACACAGTGTCAACCCTGTGTTC
G  I  N  L  L  G  E  I  V  E  S  S  A  H  S  V  N  P  V  F
TACGGCAAGTTGCACAACGACGGTCACGTGATGCTGTCCAAGGTGACGGACCCACACCTT
Y  G  K  L H N  D  G H V  M  L  S  K  V  T  D  P H  L
CGCTACGGCGTTCCTCCTGGCGTAATGGAACATTTTGAGACAGCGAC [527 bp]
R  Y  G  V  P  P  G  V  M  E  H  F  E  T  A

Fig. S17. Partial cDNA and deduced amino acid sequence of S. lateralis hemocyanin subunit 2
(SlaHc2, FM242653). Copper-binding histidines are shaded in black and the potential N-
glycosylation sites (NXS/T) are boldface and underlined.



*        20         *        40         *        60         *        80         *       100         *
EpiHc    : M--------------------------------------PSTSQQKEVLDFFNIPETRRVSRAKQ-KDKPSVIF---KPLPAGIG--------------------KLKKGNLFSPF :  54
LpoHcI   : M--------------------------------------TVKEKQSRLLPLFKHLT----SLTRD-QLPVG-LR---DDRLKDVG--------------------HLPRGTLFSLF :  49
TtrHcA   : ---------------------------------------TIKEKQASILALFEHLT----SVPKQ-HIPEK-ER---DNRLHDVG--------------------HLSRGKLFSLF :  48
EcaHcE   : M--------------------------------------PDKQKQLRVISLFEHMT----SIN-T-PLPRD-QI---DARLHHLG--------------------RLPQGELFSCF :  48
NinHcE   : M--------------------------------------SVKEKQQRVCSLFTHLT----SISRT-AVPLA-DR---DPRLHGIG--------------------KLAQGELFSCF :  49
EcaHcG   : M-------------------------------------ASIPEKQALILPLFEKLT----SLTKE-TPPRA-QW---DPRLAGVG--------------------VLPRGTLFSCF :  50
NinHcG   : M--------------------------------------SIKEKQDQILPLFEKLT----TLTRQ-QIPPE-QR---DPRLIGVG--------------------VLPRGTLFSCF :  49
CsaHc1   : M--------------------------------------AIKDKVEKLLPLFEKLT----SLTKQ-QLAPD-QR---DPRLASVG--------------------ILPRGTLFSCF :  49
AauHc6   : ---------------------------------------TVADKQARLMPLFKHLT----ALTRE-KLPLD-QR---DERLKGVG--------------------ILPRGTLFSCF :  48
LpoHcIV  : M--------------------------------------TLKEKQDRILVLFEHLT----SLTKH-QLPED-QR---DPRLHDLG--------------------HLHRGELFSCF :  49
EcaHcF   : M--------------------------------------TVQDKQRQILPLFEHLT----SLTRG-GLDRT-ES---DVRLRRVG--------------------RLPRGTLFSCF :  49
NinHcF   : M--------------------------------------PAQDKQRRILPLFEHLA----SLTRA-VLPPE-ER---DPRLKRLG--------------------RLPRGTLFSCF :  49
EcaHcD   : M--------------------------------------TIADHQARILPLFKKLT----SLSPD-PLPEA-ER---DPRLKGVG--------------------FLPRGTLFSCF :  49
NinHcD   : M--------------------------------------SVKDKQAQILPLFKNLT----ALAPE-TLPEA-ER---DPRLKGVG--------------------FLPRGRLFSCF :  49
LpoHcII  : M--------------------------------------TLHDKQIRVCHLFEQLS----SATVI-GNGDKHKH---SDRLKNVG--------------------KLQPGAIFSCF :  50
EcaHcA   : M-------------------------------------TILHDKQVQALKLFEKLS---VAATGE-PVPAD-QI---DERLRNIT--------------------TLGPNEFFSCF :  51
NinHcA   : M-------------------------------------SLLHEKQVRVLKLFERLS---VAASGE-KIPAD-QI---DARLSTVG--------------------ELPNSAFFSCF :  51
LpoHcVI  : M------------------------------------VLGALEKQLRVLPLFEYAS----IPTKE-KFALKAHR---DPKLQGLG--------------------VLGRGQLFSLF :  52
EcaHcB   : M-------------------------------------PSTAEKQRRILPFFQFTS----LSTKD-KFGILVQR---DPRLAGLG--------------------VLGRGVLFSCF :  51
NinHcB   : M-------------------------------------SSASEKQKRVLPLFQYVS----FSTKD-KFGMRVQR---DPRLSGLG--------------------VLGRGVLFSCF :  51
EcaHcC   : M------------------------------------PSDANEMQARLLQLFEHST----LSTKA-KFGLRVIR---DPKLAGIG--------------------ILGRGKIFSCF :  52
ScoHcA   : M--------WS-LALATLFVLGTVIRADQC----PPVPADTKDKLEKILELIGHVNRPLTPETPE---PAG-YD---ETKLKGLG--------------------ILPQHEIFSLF :  76
ScoHcB   : M---VA--KWCVLAMCLLVAVG----ADKC----PRA-TDQEAKQKRMLEVLQHVNKPYVAETKDPKIPAG--S---EDVFKHLG--------------------ILEKHEVFSLF :  77
ScoHcC   : M---GAWKVWTFFAIALVVAVKAYDEEAKC----MSHDEDSQVKERQILHIVDSINKPISPDFRA---PRGVID---EHKLRGLG--------------------TLKKREIFSLF :  83
ScoHcD   : M---DT--RVLRLTLALVALSGVLADSESCS---SAIVNDYKLKQKEIQHLVDTINKPVYPDFKD---TRGIID---ESKLKGLG--------------------TLPRREVFSLF :  82
SpiHc1 : M-------KLFILAVVLLATTAI---AEKCP---KP--VNVEAKQKMVDTLISYINKPANPVP-----PKPPID---PKKLIGIG--------------------ILPKDQVFSLF :  73
GpuHc1   : M---KLLLLCL-AATSAFAWPSYV----------NDAAPSLAVRQQAVNHLLYRVTEPL--RFDDLKAAAASFN---PVADKSIYTDGGVA--AQHLVDEIADHRVLEKHHWFSLF :  95
GroHc1   : M---KLLLLCL-AATSRFAWPSFV----------NDAAPSLAVRQQAVNHLLYRVTEPL--RFDDLKAAAASFN---PVADKSIYTDGGAA--AQHLVDELADHRLLEKHHWFSLF :  95
CcsHc    : M---RTLAFCL-LVASAAAWPHFFQN--------DHPTDSLTQRQHDINQILTRITEDL---TGDAKALAESFD---PIADTSIYKDDGKA--AKKLVQEIKDERVLERHHWFSLF :  96
EpuHc1   : I--------VLLLVSTAAAWPNWA----------NDAPVSSAKKQQDILRLLYKVTEHIRERFTDLKDASKNFD---PLADLTHYTDGGAS--VKTLMGEIDDHRVLEQHHWFSLF :  93
PleHc2   : MVLVKLLVLCS-LVAAAAAWPSF---GQDGFQSDAP-DATLAKRQQVVNHLLDYIYDHL--HYTDLKGIAGTFS---PEADTSIYTDDGAA--AHVLMEELRDGRLLEQHHWFSLF : 104
HamHcA   : T-----------LVAAAAAWPSFSYQN-------DASGDSTAKRQQDVNHLLDRIYDHL--HYSDLKQISETFS---PEADTSMYTDGGTA--AHHLMEELNDHRFLEQHHWFSLF :  91
PinHcB   : ----------------------------------DALGTGNANKQQDINHLLDKIYEPT--KYPDLKDIAENFN---PLGDTSIYNDHGAA--AEALMKELNDHRLLEQRHWFSLF :  75
PinHcA   : ----------------------------------DALGTGNAQKQQDINHLLDKIYEPT--KYPDLKEIAENFN---PLGDTSIYNDHGAA--VETLMKELNDHRLLEQRHWYSLF :  75
PelHc1   : ----KVLVLCA-LVATAAAWPSFSGELTNGFQS-DVHSSDNAHKQQDVNHLLDKIYEPI--KDEELHNIAQTFD---PVADTSIYGDVGAA--AKTLMQELNDHRLLEQHHWFSLF : 103
PelHc4   : M---KVLVLCA-LVATAAAWPSFSGELPNGFQS-DVHSSDNAHKQQDVNHLLDKIYEPI--KDEELHNIAQTFD---PVADTSIYVDDGAA--AKTLMQELNDHRLLEQHHWFSLF : 104
PelHc3   : ----KVLVLCA-LVATAAAWPSFSGELTNGFQS-DVHSSDNAHKQQDVNHLLDKIYEPI--KDEKLHNTAQTFD---PVADTSIYGDDGAA--AKTLMQELNDHRLLEQHHWFSLF : 103
PelHc2   : ----KVLVLCA-LVATAAAWPSFSGELTNGFQS-DVHSSDNAHKQQDVNHLLDKIYEPI--KDEELHNIAQTFD---PVADTSIYVDDGAA--AKTLMQELNDHRLLEQHHWFSLF : 103
CmaHc6   : M---KLLVLFA-LVAAAAAWPNFGIMAD------SAGGAFDAQKQHDVNSALWKVYEDI--QDPHLIQLSQNFD---PLS--GHYDDDGVA--AKRLMKELNENRLLKQNHWFSLF :  97
CmaHc4   : M---KLLVLFA-LVAAAVAWPSFGMMAD------S-AGAPDAHKQHDVNSVLWKVYEDI--RDPHLKELSQSFD---PLS--GHYDDDGVA--AKRLMKELNENRLLEQNHWFSLF :  96
CmaHc5   : M---RLLVLCT-LVAAAAAWPNFGMMAD------SPGGASDVQKQHDVNSALWKVYEDI--RDSNLIQLSQSFD---PLS--GHYDDDGVA--AKRLMKELNENRLLEQHHWFSLF :  97
CsaHc    : M---KLLLLCA-LVAGASAWPNFGMMAD------SPGGASNAQKQHDVNSILWKVYEEI--RDPHLKELSQSFD---PLS--GHYDDDGVA--AKRLMKELNDHRLLEQKHWFSLF :  97
CmaHc3   : M---RLLVLCALGLLCLLPGGS------------CDHHVSLAHKQHDVNSALWKVYEDI--RDTHLKELSQSFD---PLS--GQYDDNGVA--AKRLMKELNENRLLEQHHWFSLF :  92
PvaHc1   : L---------LALVAAAAAWPNFGFQS-------DAGGESDAQKQHDVNFLLHKIYGNI--RYSDLKAKADSFD---PAGRFGSYSDGGEA--VQKLVREVKDGKLLQQRHWFSLF :  93
PvaHc    : M---RVLVVLGLVAAAA-----------------FQVASADVQQQKDVLYLLNKIYGDI--QDGDLLATANSFD---PVGNLGSYSDGGAA--VQKLVQDLNDGKLLEQKHWFSLF :  89
PinHcC   : A----------------------------DCQAGDSADKLLAQKQHDVNYLVYKLYGDI--RDDHLKELGETFN---PQGDLLLYHDNGAS--VNTLMADFKDGRLLQKKHWFSLF :  81
PleHc : M---QWTVLVAALLVAT-----------------VSADTDVAHQQQAINRLLYKVTSHIKSSFTDLKEAAETWN---PRDHTDKSSDGGAA--IKHLMDELDDHRLLEQHHWFSLF :  91
CmaHc1   : M---KWAVVAAVLLVAA-----------------VAEGADLAHRQQAVNRLLYKIYSPIPSAFAKLKEHATTFN---PRDHISHCNDGGNS--VNHLMDEIEAHRVLEQKHWFSLF : 91
CmaHc2   : M---KWAVVAAVLLVAA-----------------VAEGADLAHRQQAVNRLLYKIYSPIPSAFAKLKEHATTFN---PRDHISHCNDGGNS--VNHLMDEIEANRVLEQKHWFSLF :  91
HamPHc1  : ----------SLVVAAAAASPYSGSHDFSGFQRDEPDGVPTAQKQHDINFLLHKLYEPL--HEANLKALEDSFD---PLTHTANMPDAGVA--VNKLMQEVKTQHLEERHHWFSVF :  99
HamPHc2  : V-------LLCSLVAATAAWPYFG-----GFQRDEPDGVPTAQKQHDINFLLHKLYEPL--HEANLKALEDSFD---PLAHTANMPDGGVA--VNKLMQEVKTQHLEERHHWFSVF :  97
CmaCC1   : D---------------------------------EPDGVSKYQKQHDVYYAFYKIFEPL--RESNLVEKAATFN---PVGDVSMYKDGGVA--VQNLMYELTHQRLLEKKHWAVAT :  76
CmaCC2   : M---KVLVVFALVALSAAAAQAN-----------EPDGIPTYQKQHDVNNALYKIFEPL--REDNLRDKALTFN---PVGDVSIYRDGGVA--VRQLMYELTHDRLLEKKHWAVAT :  95
PmaHc2   : M---KFALVLIGLCALAAA---------------DTVDDTFYKHQTQVLHLVEHIYEPISSHYEDLTTIKKTYD---PLQHLDNFKD-GDH--VKHFVHDVTHGKYLAHDEIFNIF :  92
PgrHc2   : M---KLALVLIGLCALAAA---------------DAVDDTFYKHQTQVLHLVEHIYEPISSHYEDLIYIKKTYD---PLQHLDLFKD-GEQ--VKHFVHDVTHGKFLAHDEIFNIF :  92
CseHc2   : M---RPATVLLIVLGACALASAE-----------QKADAIFLKRQLQVLNLLRHLNQPLID--PELLVFKNSFS---PLNNLNKFKD-PTA--VKNFLKLVTEGKLLERDAIFSLF :  94
PamHc2   : M---KLVWALAIALGACALVVAD-----------QKADMTFLTRQLQVLKLLRHLNQPLSD--PELTAIKNSFS---PLNHLNKFKE-PET--VKLLVGLITKGKVLQRDTVFSLF :  94
BduHc2   : M---KLLGILVSCACVVAAAVAVQ----------QKADGVFLNRQISVLKLLQHLNQPLVD--SDLTAYKESFS---PLNNLNRYRD-AEV--VKQYVGLVESGKLLHRDGIFGLF :  95
HmeHc2   : -----------------------------------MADATFLKRQLHVLKLLRHISEPITD--PELHAKKQSGD---PANHLNKFND-PKA--VRHFVNLVRKGSLLSRDTVFSLF :  73
TdoHc2   : -----------------------------------MADETFLKRQMLILKLLRHISEPLED--PELVQIKDSYS---PLNSLSVYKD-PQL--VQKVVRKLENGQMLNRDNIFVLF :  73
SamHc1   : M---RLMWLAVLVVAVALGGAQAGIGD-------VPADKPFLMKQREVLRLFNKVHEPNRY--KEQVELGNAYE---PLNSLPRYRN-PAP--VKQLVRLYRAGSLLPRGAIFTLF :  98
BduHc1   : M---KTLL-FLLLGVALYHQACARQAQINRG---VPVDREFLTRQNEILHLLNKVHEPNRF--KDQSELGRSYD---PTAHFDKYKN-ASP--VKSLVKLYTSGQLLPRGHIFTLF : 101
PamHc1   : M---KWQL-VTFLGVALCYLASAKLSE-------VPADKEFLVRQREVLRLLNKVHEPNRF--KEQAELGRSYD---PTAHFSKYKN-AVP--VKRMVKEYMAGHMLPRGAIFTLF :  97
CseHc1   : M---KCILTVALLGVAVCHLAQAKVMR--GE---APADKIFLSKQREVLKLLNKVHEPNRF--KDQADLGRSYD---PTQHLSKYKN-ALP--VKTLVKQYTSGRLLPRGRIFTLF : 100
HmeHc1   : M----------------------GLVKYTGS---ASADKDFLVKQRQILRLCNKVHEPNRF--KEQAELGKNYE---PLKHLDKYKH-PRS--VKTLVKYYNSGLTLPRGAIFTLF :  83
CmoHc1   : M---QWVI-AAVLLAGLGQLVAAKYTR--GE---VPADKDFLLKQREVLKLLNKPHEPNRY--KDQADSGSKYE---PSNNLNRYKN-PVP--VKTLVKRYNSHSLLPRGQIFTLF :  99
CacHc1   : M---KLIPACLVVAVCIAYCCGVS----------VPADSGLVVRQYEILKLLNKVHEPNRI--KEQIEIGNSFD---LSTALTGFKN-PNA--AKALLKGYKAGSLLPRGSIFTLF :  95
TdoHc1   : M---RAVL-LLLLVGFTAHLVVGRVTR--GA---VPADKEFLLKQKEILQLLNKVHEPNRF--KEQVNLGNSYD---PLANLGNYKK-AAA--VHQLVKLYNNGALLPRGEIFTLF :  99
PmaHc1   : M---KWLL-TLGLVMVLASLAQAKLTR--GS---VPADQDFLTRQRDVIRLCMKVHEHNHY--QEQVDLVKDYD---PSVA-GKFKD-VTP--IKRLMKYYNAKTLLPRGDIFSLF :  98
PgrHc1   : M---KWLL-TLGLLVVLASLAQAKLTR--GS---VPADHEFLVRQRDIIRLCMKVHQHNHY--EEQVDLVKDYD---PSVA-GKFKD-VTP--IKKLMKYYNAKTLLPRGDIFSLF :  98
ScuHc1   : M--ARFALTLIACTLVVAVAA-------------TPADQEFLTKQKEIVKLLNKVHELNFY--QDQATIGKDWD---PLAHLDSYKN-VRV--VKELVKELKNGKLIKRGEIFNLF :  93
MgeHc1   : M---KTVFCLLLALAASLAVPTKKD---------VPADHEFLVKQREILKLLFRAHEPNIS--EDQVDIAAKFD---IEANLDKFKE-VDS--VKELYELYVKKQLLHRGEIFNTF :  96
TdoHex1  : M---AQTLVLISTLLVAFVAATNIHHYNRRYDDRVAADNYHLNKQDVIIKLLHRVHQPNQY--RDLADIGNNYN---IEQNVDKYQN-EEA--VRKFVEQYKKG-MLPRGRIFSIF : 104
PmaHex1  : M---KSAFVLLALAAFAAASVL----PGDTTDHKRVADKEFLVKQKNLLQLFVRPHQYNLY--KEQAEIGKGYS---LESHLADYTN-AKA--VKQFLHVYKQG-MLPKGEIFSVF : 100
BdiHex   : M---KTALVLI-LATATLAVAYPSSTQDYR----VVADKTFLTRQRDFLRLLVRIEQPNYY--ADQYEVGNAYD---IEANINNYKY-PHV--VKNFLSAYKRG-MLPRGVPYSPY :  99
RflHex2  : M---RTAVLLVFLATAALAAANPSPSQESR----IIADKQFLQRQNDFLRLLVRIEQPNYY--EDQVTLGNSYD---IEVNIKNYKH-PQV--VKQFLSAYKKG-FLPRGVPYSPY : 100
PamHex12 : M---KTALVFAAVVA-FVAARFPDHKDYK-----QLADKQFLAKQRDVLRLFHRVHQHNIL--NDQVEVGNTYD---IEANIGNYST-PDV--VKQFMAYFKKG-MLSRGEPFSVN :  98
RflHex1  : M---NTALLFATVVAVLVCGAFSDHHVGK-----KVADKPFLMKQKNILGLVHRIHQDNLF--KEQVDVGNTYD---IEAHISNYKN-TKV--VKEFISYYKKG-MLQRWEPFSVY :  99
LmiHex1  : M---RTATVVVLSLLAALAAATAVPP--------SEADKELLEKQNKIIRLFYQVQQPTII--PEEQEIAKSYK---PIENIDNYQY-KDK--VEVFWKYYTEYGFVPRDEVFSIY :  97
LmiHex2  : M---RTATVVVLSLLAALAAAAVVPH--------SEAGKELLEKQDKLLRLLYHVHQPTLV--KEEQEIAKTYK---PIEHVDNYQY-KDK--VELFWKYYVDVGFLPKGEVFSVY :  97
RmiHx1   : M---RTATVVVLSLLAAFAAAAVVPH--------SEADKELLEKQRKLVKLFYHVQQPTFF--KSEQEIAKTYK---PIEHVDNYQY-KEK--VELFWKYYVDVGFLPRGEVFSVF :  97
TmoHex2  : M---RLILVALLAGLCAVSAVSV-------------HSTNYAQKQKDVWRLFKYINQPSYY--KDHVEIAHNYH---LSKNVAAYSK-PEV--VEQFYKYWQYGKLLPRGEIFSVF :  92
AgeHex   : M---KFSLILLVGLCALASSAVLHQHK-------VKVDQEYVQKQKQILHLFDHINQPSHH--REHVEIAKSFF---FGDHVDSYNK-PEV--VKKFIQYWKYG-MLPKGEIFSVM :  97
LdeDP1   : M---KISLVFLVGFCTAVLSNPV-------------ADTNYLKREQQILKLLYHVNQPSTY--PEHVEIGKSCMFCEKGSLYDKYEK-REV--VDNWVQFWRFG-LLPRGEVFSVF :  94
AgaHex2  : ----------------------------------KYAEKDWLHKQEDLLLLFRHLYEKDWN--PQLVAYAKNFH---FKESAELFQHEPTVQWAKKLWSYYEHG-LLPKGEVFSVY :  76
MseAryla : M---KTVVILAGLVALALSSAVPPPKYQHHYKT-SPVDAIFVEKQKKVFSLFKNVNQLDYE--AEYYKIGKDYD---VEANIDNYSN-KKV--VEDFLLLYRTG-FMPKGFEFSIF : 103
MseArylb : M---KTVIILAGLVALALGSEVPVKHSFKV----KDVDAAFVERQKKVLDLFQDVDQVNPN--DEYYKIGKEYN---IEANIDNYSN-KKA--VEEFLQLYRTG-FLPKYYEFSPF : 100
CfeHex2  : M---LKELLLLALVALCTTKGLHITG--------KTADLDFLHKQKKLYELLFFVKQNT-LTDMEFHKIGRDYN---IESNIDSYND-KLI--VQDFLHLHKSG-MLSRNAIYSPY :  97
BheHex   : M---LKKVFLLASLAIIVIKADTDFYYTD-----VIADQDFLLKQKKVFQLLYHVSQPD-ISNPELFQEGLAYD---IGANIDSYSN-KDA--VNHFLELYKFG-FLPRGAIYSLY : 100

***************************************

120         *       140         *       160         *       180 *       200         *       220         *
EpiHc    : IKRHREESTKVIEFLLDSKDYKGFLENAASLRPVVNEILFVYCFSVALYQSPHTTNLLAPPIWQTMPYDFF-DQRVENQIN-GIIES---TK-------GAPDKQPIQVILEPTGN : 158
LpoHcI   : HAKHLEEATHLYEILYGAKDFDDLMHLLEQARNTVNEGMFVYAATVAVLHRDDCRGVTVPPIEEVFPDRFIPVETIRHADKEA-AAH-P-DK-------------DIVVEFEETGN : 149
TtrHcA   : HREHLEEATHLYEILHAAKNFDDFLLLCKQARDFVNEKMFAYAVSVALLHRDDCRGLIIPPVEEVFPDRFIPVETIREAQKEV-ELH-P-GK-------------DI-VEVENTGN : 147
EcaHcE   : HEEDLEEATELYKILYTAKDFDEVINLAKQSRTFVNEGLFVYAVSVALLHRDDCKGIVVPAIQEIFPDRFVPTETINLAVKEA-ANH-P-DQ-------------DISVHVVETGN : 148
NinHcE   : HEKGLAEATKLYETLYAAKDFEDFINLAKQARSFANEGLFVYAASVAILHRDDCRGVTVPPIQEIFPDRFVPSETISLALKEV-TNH-P-DK-------------DIEVEIESTGN : 149
EcaHcG   : HEKHLLEATKLFKVLYSAESFNDFLQLAREARDVVNEGLFAYAFSVAVIHRDDCKGVTLPPIQEVFPDRFVPSETINLAMKEA-KND-P-NS-------------DIVVDVQETGN : 150
NinHcG   : HERHLKEATKLFEVLYKAADFADFLNLAKQARDVVNEGLFVYALSVAVVHRDDCRGVTLPPIQEVFPDRFIPAETINLASKEA-RNN-P-TE-------------DVVVEIEDTGN : 149
CsaHc1   : HEKHLNEATELFKILYRANDFDDFLKLATQARDVANEGLYVYALSVAVAHRDDCKGITLPPIQEVFPDRFIPSETINLAMKEA-KNK-T-YD-------------DVVVEIEDTGN : 149
AauHc6   : HARHLAEATELYVALYGAKDFNDFIHLCEQARQIVNEGMFVYAVSVAVLHREDCKGITVPPIQEVFPDRFVPAETINRANKEA-SNH-PDQQ-------------SIVVEAEETGN : 149
LpoHcIV  : HKEHLEEATHLYETLYKAKNFDDFIHLCEEARQIVNEGMFVYAASVAVLHRDDCKGLAVPPIQEIFPDRFIPAETITQAMKDD-HHR-KEHE-------------DLVVDIEETGN : 150
EcaHcF   : HSEHLKEATELYQILYKADSFADFIHLAQQARDIVNEGLFVYSVSVAILHRDDCRGVTVPPIQEIFPDRFVPAETVNQAVKAD-LKRQSSDE-------------DVLVEIQETGN : 151
NinHcF   : HTEHLIEAEELFETLYAAKDFEDFMRLAEQARDIVNEGMFVYSTSVALLHRDDCRGVTVPPIQEIFPDRFIPSETINQAIKAD-LRR-ADDS-------------PVIVDVIQTGN : 150
EcaHcD   : HEEHLAEAETLAEALVEAKNFDDFIALATNARAVVNEGLYAFAMSVAILSRDDCNGVVLPPIQEVFPDRFVPAETINRALKVD-KVS-DPNK-------------DTVVPIQKTGN : 150
NinHcD   : HEDHLGEAQALYEVLYEAKDFGDFINLAKQAREIVNEGLFAFALSVTVLHRDDCRGVILPPIQEVFPDKFIPAETINRALKAD-KKS--TDE-------------SKVIEIQKTGN : 149
LpoHcII  : HPDHLEEARHLYEVFWEAGDFNDFIEIAKEARTFVNEGLFAFAAEVAVLHRDDCKGLYVPPVQEIFPDKFIPSAAINEAFKKA-HVRPEFDES------------PILVDVQDTGN : 153
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LmiHex2  : ----------------------------------------FARNVDI--------------LYVEEIRNYERRIRDGIDYGYLAG-YN--YE-KYNVREK--DYTNVLGNILEGNE : 363
RmiHx1   : ----------------------------------------FPRNTDI--------------SYVEEIKDYDRRIRDSIDYGYFAG-YN--YE-KYNIREK--DHTNILGNILEGNA : 363
TmoHex2  : ----------------------------------------HLYEYFYNYGQKYGF-NKYA-NSYSYVKDFERRIHDVIDSGYAHT-ES--GQ-TVELFSH--HGMNILGNLIEGNP : 371
AgeHex   : ----------------------------------------KLYEYFYNYGQSWTIRNEYG-YSPTFVKDAERRINDAIDSGVAFT-HE--GK-MIDLYSD--EGMNVLGNLIEGNA : 380
LdeDP1   : ----------------------------------------KLHEYFFNYGKKWSW-SRFGTNSFDFMADYDRRMNDAIDQGFVFD-TK--GN-KIELDTP--EGFNVLGNLIQSNW : 378
AgaHex2  : ----------------------------------------HVDQESNY-------------REIRQVVDYEKRLRDVIDQGFFVL-PD--GK-KVNLSTP--ESIDVLGNLIQANP : 346
MseAryla : ----------------------------------------DIHNDKNY-------------EQIRFLDMFEMTFLQYLQKGHFKAFDK-----EINFHDV--KAVNFVGNYWQANA : 378
MseArylb : ----------------------------------------NVHSEENY-------------EKVRFLDTYEMSFLQFLQNGHFKAFDQ-----KIDFHDF--KAINFVGNYWQDNA : 375
CfeHex2  : ----------------------------------------NVPFYKY--------------KYLKEVEVLEKRIMDAIDLGYVHD-KD--GK-QVNIYTS--EGLSILANLIEGNV : 367
BheHex   : ----------------------------------------RIPPYKY--------------HYLRYIHDIEDRISTAIDLGYIID-SD--GS-HHNISSP--EGLNLLGNIIEGNE : 366

*       480         *       500         *       520         *       540         *       560 *       580
EpiHc    : Y----SLNGAYY-----GDLHNTGHVMLATAHDPDKRFNSSDGVMGFVQTALRDPL-FYRWHKHIDNLLQNHKR-TLQPYTDKELI--ADKIEIKEASITSSQTKDPKNKLYTFFD : 420
LpoHcI   : E----SVNQGFY-----GSLHNWGHVLTARAHDPEGKFHENPGVMSDTSTSLRDPI-FYRWHRTLDNLFQEYKE-SLSPYTKEELS--FPGVEVLSATV-KAKT---DNVIITSMV : 408
TtrHcA   : D----SINPEYY-----GSLHNWGHVITARAHDPEGKFHENPGVMSDTSTSLRDPI-FYRWHRFIDNVFQDYKE-SLHPYTKHELS--FTGIKVVNVSV-NAKVITARNVITTFIK : 407
EcaHcE   : E----TKNKLYY-----GSLHNWGHVMMARLQDPDHRFNENPGVMSDTSTSLRDPI-FYRYHRFIDNIFQKYIA-TLPHYTPEDLT--CPGVHVVNVTV-NAKV---PNVVTTFMK : 407
NinHcE   : E----SKNKLFY-----GSLHNWGHVMMANITDPDGRFNENPGVMSDTSTSLRDPI-FYRYHRFIDNIFQDYKQ-TLKPYDKAQLD--FPGVQVVNVTV-NAKV---PNLVTTFMK : 408
EcaHcG   : D----SVNRRFY-----GSLHNWGHVMMARMTDPDRSFEENPGVMSDTSTSLRDPI-FYRWHRFVDNIFQEYKA-TLPSYTADDLN--FPGLRIVSVQV-NAKS---QNRVRTFLK : 409
NinHcG   : D----SPNKGFY-----GSLHNWGHVMMARMHDPDGRFQENPGVMSDTSTSLRDPI-FYRWHRFVDNIFQQYKS-TLQPYTWEQLS--FPGVKAVSCEV-KAKQ---NNVITTFIK : 408
CsaHc1   : S----SPNKGFY-----GSLHNWGHVMMARMHDPDARFQENPGVMSDTSTSLRDPI-FYRWHRFVDNIFQQYKA-TLHPYTKEELS--FAGVKIVNAYV-KAKK---TNVVTTFMK : 408
AauHc6   : E----SKNVEYY-----GSLHNWGHVMMANITDPDHRFQENPGVMSDTSTSLRDPI-FYRWHRFIDNIFQEHKK-SFHPYTKEELS--FPGVEVVGVSI-NSKT---ANVITTLIK : 408
LpoHcIV  : E----SKNEEYY-----GSLHNWGHVMLARVHDHDGRFHENPGVMSDTSTSLRDPI-FYRYHRFIDNMFQEYKA-SLHHYTKTELT--FPEISISHVTI-KAKV---PNIIHTFMA : 409
EcaHcF   : D----SLNDDYY-----GNLHNSGHVMMARIHDPDGRFRENPGVMSDTSTSLRDPI-FYRYHRFIDNIFQEYKA-TLPCYEKKDLE--FSGVEIVNCTV-NAKA---PNVINTYMK : 411
NinHcF   : E----SKNREYY-----GNLHNSGHVMMARIHDPDGRYKENPGVMSDTSTSLRDPI-FYRYHRFIDNIFQEYKA-TLPVYDKKDLD--FPGVSVVNVTV-NAKL---PNIVNTYLK : 410
EcaHcD   : D----SVNKPFY-----GTLHNWGHVMIARIHDADGRYRTNPGVMDDTSTSLRDPI-FYRYHRWMDNIFQEYKH-RLPSYTHQQLD--FPGVRISRVTV-RSKV---PNLIHTYSK : 409
NinHcD   : E----SLNKGYY-----GTLHNWGHVMVAKIHDHDGRFKENPGVMDDTSTALRDPI-FYRYHRWMDNIFQEYKR-RLSSYTPQDLS--FPGVRVVNVTV-NAKV---PNLIHTYSK : 408
LpoHcII  : E----SVNHEYY-----GNLHNWGHVTMARIHDPDGRFHEEPGVMSDTSTSLRDPI-FYNWHRFIDNIFHEYKN-TLKPYDHDVLN--FPDIQVQDVTL-HARV---DNVVHTFMR : 412
EcaHcA   : E----SKNRGYY-----GSLHNWGHVMMAYIHDPDGRFRETPGVMTDTATSLRDPI-FYRYHRFIDNVFQEYKK-TLPVYSKDNLD--FPQVTITDVKV-KAKI---PNVVHTFIR : 413
NinHcA   : E----SKNRQFY-----GNLHNWGHVMMAYIHDPDGRFRETPGVMTDTATSLRDPI-FYRFHRFIDNVFQEYKK-TLPVYSRDNLT--FPDIEITESKV-NAKI---TNVIHTFIR : 413
LpoHcVI  : E----SINQAFY-----GSIHNWGHVISARVLDPDGRYHLNPGVMSDTATSLRDPI-FYRWHRFIDNMFQDYKE-TLPHYNHSDLE--FPGIEITKVLL-NAEH---TNNINTFKE : 413
EcaHcB   : D----SVNKSYY-----GSLHNWGHVIMSAVDDPDGRYQLNPGVMSDTATSLRDPI-FYRWHRFIDDMFQEYKK-SLTPYS-SQLQ--FKGVIVKSVCV-RAKT---ADVVETTFA : 410
NinHcB   : D----SVNVPFY-----GSLHNWGHVLMAAAHDPDGRYKLNPGVMDDTATALRDPI-FYRWHRFIDDLFQEYKK-TLPPYTKDELS--FGNVFVKSLNV-KAEQ---PNTVKTFFR : 411
EcaHcC   : D----SKNRESY-----GSLHNWGHVLMANIVDPDGKYQTNPGVMDDTATSLRDPI-FYRWHRFIDDMFQEFKR-KLKPYTKDQLS--FTGVEIKNVKV-HAHE---ENVITTTFV : 413
ScoHcA   : L----SVNRAFY-----GNIHCYAHVMAARIADPDGRYGEDNGVMHDVATSARDPL-FYRWHKFIDNIFLEYKD-NLDPYTQYELT--WPDVVLNDVTV-KPHKGDYDDEVHTYWE : 438
ScoHcB   : Q----SINRPFY-----GNVHCYAHVIAARIADPDGKYGEDNGAMYDVATSARDPL-FYQWHKFIDNLFHEYKD-ALKAYSSEDLT--YNDITIEEVNV-QGEGGSPANTVTTFLE : 443
ScoHcC   : T----SLNRDYY-----GNLHCYAHVIAGRIADPEGKYGEDNGVMYDVATSARDPL-FYRWHKYIDNIFQEYKN-TLPPYTTEELTPQNSEFRVQGISV-VGET-SARDTVHTYWQ : 449
ScoHcD   : L----SVNRVFY-----GNLHCYAHVIAGKVTDPQSTYGEKNGAMYDVATSARDPL-FYSWHKFIDNIFQEHKE-TLQPYNKDELN--FPDVQVDSLRI-NVANGTYENIVRTYWQ : 447
SpiHc1   : N----STNRRYY-----GNLHSYAHVIAARIADSDGEHMEDNGAMYDVATSARDPL-FYSWHKFIDKLFTEYQM-TLTPYTPYQLT--WPDVVVDGIHI-ENLKTHEENMIHTYYT : 436
GpuHc1   : Y----SPNAQYY-----GALHNDAHVILGRQADPHGKFNLPPSVMEHFETATRDPA-FFRLHKYMDNIFKEHKD-SLPPYTAEEIG--FPGVHVTGVSI--------EGELETFFE : 447
GroHc1   : Y----SPNAQYY-----GALHNEAHIILGRQADPHGKFNLPPSVMEHFETATRDPA-FFRLHKYMDNMFKEHKD-SLAPYTAEEIG--FPGVHLTSVSI--------EGELETFFE : 447
CcsHc    : Y----SLNAGYY-----GALHNDAHILLGRQSDPHGKFNLPPGVMEHFETATRDPA-FFRLHKYMDGIFKEHKD-TLPAYTKEEIE--FSGISLEKISV--------DGPLETFFE : 448
EpuHc1   : Y----SPNAGYY-----GALHNLAHIILGRQGDPHGKFNMPPGVMEHFETATRDPS-FFRLHKYMDGIFKEHKD-SLPPYTKEEIE--FPDIAINAVGV--------KGELKTFFE : 445
PleHc2   : Y----SPNVQYY-----GALHNTAHIMLGRQGDPHGKFDMPPGVMEHFETATRDPS-FFRLHKYMDNIFKEHKD-TLPPYTKEDIA--FPGVVLDSVTI--------DGELKTYFD : 456
HamHcA   : Y----SPNAQYY-----GALHNTAHIMLGRQGDPHGKFNMPPGVMEHFETATRDPS-FFRLHKYMDNIFKEHKD-SLPPYTKADIE--FTGVAVEEVEI--------VGQLNTFFD : 443
PinHcB   : Y----SSNVQYY-----GSLHNTAHAMLGRQGDPHGKFNLPPGVMEHFETATRDPS-FFRLHKYMDNIFKKHTD-SFPPYTHDDLE--FAGMVVDGIAI--------DGELITFFD : 427
PinHcA   : Y----SSNVQYY-----GSLHNTAHVMLGRQGDPHGKFNLPPGVMEHFETATRDPS-FFRLHKYMDNIFKKHTD-SFPPYTHDNLE--FSGMVVNGVAI--------DGELITFFD : 427
PelHc1   : Y----SSNPHYY-----GSLHNTAHMMLGRQGDPHGKFDMPPGVMEHFETATRDPS-FFRLHKYMDNIFKEHTD-SFPPYTHEDLE--FPGVSVDNIAI--------DGHLTTFFD : 455
PelHc4   : Y----SSNPHYY-----GSLHNTAHMMLGRQGDPHGKFDMPPGVMEHFETATRDPS-FFRLHRYMDNIFKEHTD-SFPPYTHEDLE--FPGVSVENIAI--------DGHLTTFFD : 456
PelHc3   : Y----SSNPHYY-----GSLHNTAHMMLGRQGDPHGKFNMPPGVMEHFETATRDPS-FFRLHKYMDNIFKEHTD-SFPPYTHEDLE--FAGVSVDNIAI--------DGHLTTFFD : 455
PelHc2   : Y----SSNPQYY-----GSLHNTAHMMLGRQGDPHGKFDMPPGVMEHFETATRDPS-FFRLHKYMDNIFKEHTD-SFPPYTHEDLE--FPGVSVENIAI--------DGHLTTFFD : 455
CmaHc6   : Y----SPNPEYY-----GALHNTAHMMLGRQGDPHGKFDLPPGVLEHFETATRDPA-FFRLHKYMDNIFREHKD-SLTPYTKDELE--FPGVKIDSISL--------SNRLETYFE : 450
CmaHc4   : Y----SPNPEYY-----GALHNTAHMMLGRQGDPHGKFDLPPGVLEHFETATRDPA-FFRLHKYMDNIFREHKD-SLTPYTKDELE--FPGIEIDSFSL--------SNRLETYFE : 449
CmaHc5   : Y----SPNPEYY-----GALHNTAHMMLGRQGDPHGKFDLPPGVLEHFETATRDPA-FFRLHKYMDNIFREHKD-SLTPYTKDELE--FPGVAVESISL--------KNRLETYFE : 450
CsaHc    : Y----SPNPEYY-----GSLHNTAHVMLGRQGDPHGKFALPPGVLEHFETATRDPA-FFRLHKYMDNIFREHKD-SLTPYTKDDLE--FSGISVDSLDI--------SNRLETHFE : 450
CmaHc3   : Y----SPNPQYY-----GALHNTAHMMLGRQGDPHGKFDLPPGVLEHFETATRDPA-FFRLHKYMDNIFRKHKD-SLPPYTKEELN--FEGVNIDNFYI--------KGNLETYFE : 445
PvaHc1   : Y----SPNVQYY-----GALHNTAHIVLGRQSDPHGKYALPPGVLEHFETATRDPS-FFRLHKYMDNIFKEHKD-SLPPYTVEELT--FAGVSVDSVAI--------EGELETYFE : 445
PvaHc    : Y----SPNVQYY-----GALHNTAHIVLGRQGDPHGKFDLPPGVLEHFETATRDPS-FFRLHKYMDNIFKEHKD-NLPPYTKADLE--FSGVSVTELAV--------VGELETYFE : 441
PinHcC   : Y----SANPGFY-----GSLHNTAHIMLGRQGDPTGKFDLPPGVLEHFETSTRDPS-FFRLHKYMDNIFREHKD-SLTPYTRDELE--FNGVSIDSIAI--------EGTLETFFE : 433
PleHc    : Y----STNAAYY-----GALHNQAHRVLGAQSDPKHKFNMPPGVMEHFETATRDPA-FFRLHKYMDGIFKEHKD-NLPPYTEEDLL--YSNVKITGVDV--------TE-LSTFFE : 439
CmaHc1   : S----SIHPSYY-----GALHNQAHRVLGQQADPHGKFNMPPGVMEHFETATRDPS-FFRLHKYMDNIFKEQKD-KLPPYTTDDLK--YDNVEITDVDI--------DE-LSTFFE : 439
CmaHc2   : S----SIHPSYY-----GALHNQAHRVLGQQADPHGKFNMPPGVMEHFETATRDPS-FFRLHKYMDNIFKEQKD-KLPPYTTDDLK--YDNVEIKSVDV--------DE-LSTFFE : 439
HamPHc1  : Y----NPYNEYY-----GSLHNMGHMMLGHQGDPHAKYYDTPSVLEHYETTLRDPA-FYKLHKYIDDLFRKHKD-HLKPYSRKELL--FPGIAINNIHI--------DGPLETYFE : 451
HamPHc2  : Y----NPYNEYY-----GSLHNMGHMMLGHQGDPHAKYYDTPSVLEHYETALRDPA-FYKLHKYIDDLFRKHKD-HLKPYSQEDLL--FPGVAVNMIDI--------DGPLETYFE : 449
CmaCC1   : Y----SPNRKYY-----GNLTTLAYTMLDHQTDPKNKYDTPPGVLAHLETLPRDPA-AWRLHKRIDNIFREHID-SLPPYTKEQLE--FTGITVSDVQI--------QGSLETYFE : 429
CmaCC2   : Y----SPNRKYY-----GNLTTLAYNMLDHQTDPKNKYDTPPGVLAHLETLPRDPA-AWRLHKRIDNIFREHID-SLPPYTKEQLE--FTGISVENVQI--------QGNLETYFE : 448
PmaHc2   : H----DYNRHYF-----GKLHSNAHVLLSKVTDPEQKFGTPPGVMEHFETATRDPA-FFRLHKHIDNLFKQHKD-MLTPYTKEELD--FPGVTVDAVKVVGKSEDSTANQIVTFFD : 451
PgrHc2   : H----DFNSHYF-----GRLHLNAHVLLSKITDPEQKFGTPPGVMEHFETATRDPA-FFRLHKHIDNLFKMHKE-MLSPYTKEELD--FPGVIVDAVKVVGKSEDSTANQIVTFFD : 451
CseHc2   : N----SVNPVYY-----GQPHNDGHVMLSKVTDPLQRYGVPPGVMEHFETATRDPA-FFRLHKHVDNLFKLHKD-LLLPYDVSELD--FPGVKIEAVKVVGSCKASTPNQLITYFD : 453
PamHc2   : H----SVNPVFY-----GKLHNDGHVMLSKVTDPHLRYGVPPGVMEHFETATRDPA-FFRLHKHVDNLFKFHKD-LLVPYSFHELE--FPGVKIEAVKVIGTCKASTPNHLITYFD : 453
BduHc2   : H----SVNPVFY-----GKLHNDAHVLLSKVTDPKLRYGVPPGVMEHFETATRDPA-FFRLHKHVDNIFKLHKD-LLPPYDVSELE--FPGVKVEAVKVIGTCKASTPNQLITYFD : 454
HmeHc2   : H----SVNPAFY-----GQLHNDGHVMLSKVTDPKLRYGLPPGVMEHFETATRDPA-FFRLHKHVDNLFKMHKD-FLPPYQTHELL--FPEVTVEAVKVIGVCKASIPNHLITYFD : 434
TdoHc2   : H----SQNKELY-----GSLHNNAHVLLGKVTDYSLKYGLPPGVMEHFETATRDPA-FFRLHKLVDNLFKEHKD-LLPPYTKEDLA--FPGVSIDAVKVVGTCKASTPNQLVTYFD : 432
SamHc1   : G----SKHREYY-----GALHNYGHIMLGQITDPKRKFNMPPGVMEHFETATRDPA-FFRLHKYIDNLFYEHKD-LLPRYTSEELE--LPGTSIEEVQI---------DPLETFFE : 449
BduHc1   : D----SKHPEYY-----GALHNYGHIMLGQITDPKGKFNMPPGVMEHFETATRDPA-FFRLHKYIDNLFKLHKD-LLPKYTQAELS--FPGVKVSDVTV---------DELVTYFE : 452
PamHc1   : D----SKHPEYY-----GALHNYGHIMLGQITDPKGKFNMPPGVMEHFETATRDPA-FFRLHKYIDNLFKLHKD-LLPHYTMEELG--FNGVTIQDLTV---------DDLVTYFE : 448
CseHc1   : E----SPNPQYY-----GALHNYGHILLGQITDPKGKFDMPPGVMEHFETATRDPA-FFRLHKYIDNLFKLHKD-MLPPYAREELE--FPGVAIQDVTV---------DDLVTYFE : 451
HmeHc1   : D----SKHPEYY-----GALHNYGHIMLGQIVDPKGKFNMPPGVMEHFETATRDPA-FFRLHKYIDNLFKIHKD-LLPVYTHEELD--FPGLKVVDLDV---------DVLQTYLE : 434
CmoHc1   : T----SKHRDYY-----GALHNYGHILLGKITDPKGKFNMPPGVMEHFETATRDPA-FFRLHKHIDNLFKLHKD-LLPPYKQEELV--LPGVKITDVAV---------EPLETYFE : 450
CacHc1   : D----SKHPEYY-----GALHNYGHILLGQITDPKGKFNMPPGVMEHFETATRDPA-FFRLHKYIDNLFKLHKD-LLPSYSKEELS--LDGVQIEDVQI---------DELTTYFE : 446
TdoHc1   : F----SRHREYY-----GALHNYGHILLGRITDPKGKFNMPPGVMEHFETATRDPA-FFRLHKYIDNLFKEHKD-HLPHYTRDELL--LPGVSINSVEV---------DELVTYFE : 451
PmaHc1   : E----SPHEDYY-----GSLHNDAHVLLGQITDPLGKFDLPPGVMEHFETATRDPA-FFRLHKHIDNLFKMYKD-LLPPYTKAELE--FPGVKVLDWEI---------GNLVTYFE : 449
PgrHc1   : E----SPHEDYY-----GSLHNYAHILLGKVTDPLGKFDLPPGVMEHFETATRDPA-FFRLHKHIDNLFKMHKD-LLPPYTKAELE--FPGVKVLDWEI---------GNLVTYYE : 449
ScuHc1   : C----SINPSFY-----GSLHNLGHIILGRVVDPLGKFGMPPGVMEHFETATRDPA-FFRLHKHIDNIFKEHKD-SLVPYTHEELD--VEGVDIKNVEV---------DDLVTYFE : 446
MgeHc1   : L----SPDIDYY-----GSIHNLGHILLGEIMDPDHKFNLPPGVMEHFETAMRDPV-FFSLHKHIDYIFKHYKD-TLVPYKREELD--FPGVKVENVEV---------DRLVTFFE : 448
TdoHex1  : H----DENDKYYGNKYHGSIKTMTHKIVGRVTDPEDKYDQTPSVLEHYETSVRDPA-FYSIHKRINRLFQKHKE-NLPQYTRQDIQ--EQGVKVVNVEV---------DKLMTYFE : 466
PmaHex1  : D----STNKQFY-----GSLYNMLRTVYGHYADPMYQYEVAPSVLEHFTTALRDPA-YYTLYKRIDTLFKEYKK-LMPEYTYDELT--YPGVKVESVEI---------EKLVTYFD : 466
BdiHex   : D----TVNRRYY-----GSIYHFYRQLAGKNVDPYNDSGFAPSALQNIYTALRDPA-NFHILKHINSYFQRYKG-YLPRYTYDELV--FPGVKIENVDV---------GKLVTYFD : 498
RflHex2  : D----TVNKRVY-----GAIYQAYRQLAGQSADPYNNYGLAPSALQNIFTALRDPA-NYQILKRITYLFQRYKN-YLPQYTYQELA--YPGVTIENVEV---------GKLITYND : 500
PamHex12 : D----SPNFYFY-----GSIYHMYHSMIGHIVDPYHKMGLAPS-LEHPETVLRDPV-FYQLWKRVDHLFQKYKN-RLPRYTHDELA--FEGVKVENVDV---------GKLYTYFE : 453
RflHex1  : N----SPHYYYY-----GSLFHFYRMMLGHMMDPFHKHGLAPSALEQPETALRDPA-YYQLYKRMYHLVNKYKD-RLPRYTHEQLW--FEGVTVENVDV---------GKMYTYME : 455
LmiHex1  : E----SVNYEFY-----GSIYRYLISLFGHIADPYHKYGAPASVLEQPETQLRDPL-FYRIAKRVISIFYQYKN-QLKPYTKNQLE--FPGVAIEGITF---------DKLVTFFD : 457
LmiHex2  : D----SINKEYY-----GAFYNNLISLFGHIVDPVHRYGVPASVLEQPETQLRDPL-FYRIGKRVLSIFYHYKN-LLRPYTHEDLY--LPGVTVEDITF---------DKLVTFFD : 457
RmiHx1 : E----SINKEYY-----GSLYRNLITLFGHIVDPVQRYGVPSSVLEHPETQLRDPL-FYRIARRIVSILHHYKS-HLKPYNHEELL--LPGVSVEDITF---------DKLVTYFD : 457
TmoHex2  : D----SPYYHYY-----GAFQVFARHLLGYSQQPLTYFKLHPSALEHFETSLRDPA-FYQLYKKLLSYFIRYQANHKHYYNEHDLM--YQGVEVKNVEF---------DSLVTYFD : 466
AgeHex   : D----SPYQAYY-----KALWYYARHLLGYSYQPLDKYKVAPSALEHFETSMRDPVFFFQLYKKIVLKFQRYKA-RLHPYTEEDLI--FQGVKVLNVEF---------DRLVTYFD : 475
LdeDP1   : D----SPNRKFY-----GALWSYLRHFFGYSYAPVNNYREVPSALEHYETCMRDPM-FFQIAKKMIMKFQRYLS-DLPPYTEEELL--FPGVSVEGLEF---------DPLITYND : 472
AgaHex2  : D----SYEHRFY-----KYVAMYARIIMGAAIEPVEPYQVIPSALEHYESAMRDPV-FYQIYKRIVAYYHQFKE-HLPEYTYEELY--YPGVKIDGVVV---------DKLQTYFD : 440
MseAryla : DLYNEEVTKLYQ-----RSYEINARHVLGAAPKPFNKYSFIPSALDFYQTSLRDPV-FYQLYDRIINYINEFKQ-YLQPYNQNDLH--FVGVKISDVKV---------DKLATYFE : 476
MseArylb : DLYGEEVTKDYQ-----RSYEIIARQVLGAAPKPFDKYTFMPSALDFYQTSLRDPM-FYQLYNRILKYIYEYKQ-YLQPYSSEKLA--FKGVKVVDVVV---------DKLVTFFE : 473
CfeHex2  : D----SCNRRFY-----GMYDALARDILGFNIDYKNKNKVVPSALQCYSTSLRDPG-FYRLTKRIMVYFFRYKK-NMPQYTQDELI--FPGVKFESVNI---------DKLVTYFD : 461



BheHex   : D----SCNKNFY-----HSLDWYGRKVLGFNLEPKTPYQVIPSALESFSTCMRDPA-FYRLYNRYLSYWYRFKE-TLKPYSKNEIV--FSDLKFESIAV---------DKLITYFD : 460

*       600         *       620         *       640         *       660         *       680         *
EpiHc    : TKQLNLTKGL-DFGNL-----------EQS--------------------------ILVTITHLQHEEFTYNIKVNNNTGKDFTGTFRIFMAPKNDDL--DIPMEINEQRILMIEM : 496
LpoHcI   : ESELELTHGI-NFGT------------DHS--------------------------VKVKYNHLDHESFSYQIKVENTSGSTKHATVRVFLAPKYDEL--GNLLHPNDQRRLCIEL : 483
TtrHcA   : KNELELTHGI-DFGT------------TNS--------------------------VKVKYPHLEHEPFSFQITVENTSGAKKDATVRIFLAPKLDEL--GNQLPANIQR-LFIEL : 481
EcaHcE   : EAELELSYGI-DFGS------------DHS--------------------------VKVLYRHLDHEPFTYNISVENSSGGAKDVTMRIFLGPKYDEL--GNRLQPEQQRTLNIEL : 482
NinHcE   : TDDLELTHGI-DFGT------------TKS--------------------------VKVKYQHLDHEPFTFNISVDNQSGGAKQATVRIFLGPKYDEL--GNRLDPEHQRTLCIEL : 483
EcaHcG   : QEELVLSHGI-NFGT------------EHT--------------------------VKVHYNHLDHEPFSYTINVDNSSGAVKHATVRIFLGPKCDEL--GNILEPNEQRRLFIEL : 484
NinHcG   : DEELTLSHGI-NFGT------------DRK--------------------------VKVKYHHLDHEPFSITVNAQNSSGAPKHATVRVFLAPKFDEL--GNRLSPDEQRPLFIEL : 483
CsaHc1   : DDHLDLSHGI-EFGT------------EHK--------------------------VLVKYHHLDHEPFSLIINVDNTTSEIKHATIRVFLGPKYDEL--GNRLAPDEQRRLMIEL : 483
AauHc6   : ESLLELSHGI-NFGT------------DQS--------------------------VKVKYHHLDHEPFTYNIVVENNSGAEKHSTVRIFLAPKYDEL--NNKLEPDEQRRLFIEL : 483
LpoHcIV  : TDELELSHGI-HL--------------DGS--------------------------TKVKYHHLNHEAFSYEIQVENHSDTVKHGTFRVFLAPKYDEL--GNRLILNEQRRLFIEL : 482
EcaHcF : ESTLEMSHGI-SF--------------KGA--------------------------VKVKYQHLDHDPFTYSISVENTTGDVKHATVRIFLGPTQDEL--GNRLRLNEQRRFYIEL : 484
NinHcF   : EDQLEVSHGV-SL--------------KGS--------------------------VKVKYHHLDHEPFAYNISCENSSGATKHATVRIFLGPVFDEL--GNKLSLNEARRFFIEL : 483
EcaHcD   : DSLLELSHGI-NL--------------KGH--------------------------IQVKYEHLDHEPYNYEIEVDNRTGEARETCVRIFLAPKYDEL--GNRLILEEQRRLYIEL : 482
NinHcD   : DAYLELSHGI-NL--------------KNK--------------------------IKVKYEHLDHEPFSYTIAATNATGAAKKTTVRIFLAPKYDEL--GNRLVLEDQRRLYIEL : 481
LpoHcII  : EQELELKHGI-NPGN------------ARS--------------------------IKARYYHLDHEPFSYAVNVQNNSASDKHATVRIFLAPKYDEL--GNEIKADELRRTAIEL : 487
EcaHcA   : EDELELSHCL-HFAK------------PGS--------------------------VRARYHHLDHESFSYIISAQNNSNADKQATVRIFLAPTYDEL--GNDISLDEQRRLYIEM : 488
NinHcA   : EDELELTHCM-NFGS------------PGS--------------------------VKARYHHLDHESFSYIFNANNNGSEEKKGTVRIFLAPKYDEL--GNVIPLDEQRRLYIEM : 488
LpoHcVI  : FSVLDLSHAY-EFGR------------DGA--------------------------VKVRFSHLNHEDFHYKIQVENHTSKTKPATVRIFMAPKYDEL--GNELDTKNLRRLMIEM : 488
EcaHcB   : NALLDISHAF-NFGR------------TGP--------------------------VKVRYNHLTHEPFTYKIVVDNAGTKTRKATVRIFLGPEHDNL--GNEFDIGRLRRLMIEL : 485
NinHcB   : EDFLDVSHAF-YFGR------------TGS--------------------------VKVRYQHLDHEPFTYQFVVENTGTKTRHAKVRIYLGPKNDHL--GNPIKISNIRRLMIEL : 486
EcaHcC   : EDLLEISNAF-NFGR------------TGA--------------------------VKVRYQHLDHEPFVYDIEVENHSARLRHGTCRIFLAPVHDEL--QNQLTPEELRRLMIEL : 488
ScoHcA   : VDNYELGKGF-DYTR------------KTT--------------------------ATVKVRHLQHEDYHYEIDIDNNAGKAKKAVFRIFLAPKYNEK--GELFPVNEQRQLLVEL : 513
ScoHcB   : NSIVHLDEGF-SFTA------------RGH--------------------------ARVKVQHLQHEGFNYQIKV-NNAGGEHKVVFRVFLAPKYDEE--HHEFDFNEQRGMAIEL : 517
ScoHcC   : HSLLKVGQGF-EFTK------------HTP--------------------------AYVKVKHLQHESFTYVIDV-ENRGRTRTGFFRIFAAPKYNEL--GQKWHINDQRLIMVEM : 523
ScoHcD   : NSLFKIAKGF-TFTT------------EGS--------------------------VLVKVKHLNHETFYYNLEVTNNALEEKHGVVRIFGAVINDER--GHPYILNDQRHLVIEL : 522
SpiHc1   : SSTLRLSKGF-DYTK------------DSE--------------------------AKVIVEHTDHDDFVYVIDIDNNARVEKTAVLRIFLAPKYDER--GHPLTLKEQRVMMIEL : 511
GpuHc1   : DFEFDLKMAVDSSEAVA----------EVE--------------------------VKAHVDRLNHKDFAYNFDIKSDS-ADQHAVVRVFLCPRRDNN--GIQFTFDEGRWNCIEM : 524
GroHc1   : DFEYDLKMAVDSSEAVA----------EVE--------------------------VKAHVDRLNHKDFAYNFDIKSDS-ADQHAVVRVFLCPRRDNN--GIQFTFDEGRWNCIEM : 524
CcsHc    : DYEFDLSNAVDSSDKIE----------RVA--------------------------VNASIKRLNHKDFNLKFEINSNNDVEKHGVVRTFICPRKDAH--GVIFSFEEGRWNCIEL : 526
EpuHc1   : DFEFDLQMAVDDTPEVQ----------DVP--------------------------ITAIVSRLNHEPFSLTADITNNHGGDVFATIRVFLCPRYDAN--EILFDLNEGRWHCIEI : 523
PleHc2   : TFEFSLVNAVDQSDKVA----------DVA--------------------------ISADVHRLNHQEFSYNIDVSNNNGGKVLGTIRIFLCPVKDSN--GVTFTWEEGHWHCIEM : 534
HamHcA   : EFEFSLGNAVDELEKVH----------DVA--------------------------ISAYVHRLNHEEFSYKILVQNNNEGDILATVRIYLCPTVDNN--HIHIPLSEGHWTCIEM : 521
PinHcB   : EFQYSILNAVDSGENIE----------DVD--------------------------INARVHRLNHNEFTYKITMSNNNDGERLATFRIFLCPIEDNN--GITLTLDEARWFCIEL : 505
PinHcA   : EFQYSLINAVDSGENIE----------DVE--------------------------INARVHRLNHKEFTYKITMSNNNDGERLATFRIFLCPIEDNN--GITLTLDEARWFCIEL : 505
PelHc1   : QFKYSLVNAVDSGENVE----------DVA--------------------------IYANVHRLNHEEFTYEIEVRNHN-EEKFATVRIFLCPTEDNN--GITLNLDEERWLCLEM : 532
PelHc4   : QFKYSLVNAVDSGENVE----------DVA--------------------------IYANVHRLNHEEFTYEIEVRNHN-EEKFATVRIFLCPTEDNN--GITLNLDEARWLCLEM : 533
PelHc3   : QFKYSLVNAVDSGENVE----------DVA--------------------------IYANVHRLNHEEFTYDIEVRNHNEEEKFATVRIFLCPTEDNN--GITLNLDEARWLCLEM : 533
PelHc2   : QFKYSLVNAVDSGENIE----------DVE--------------------------IYANVHRLNHEEFTYVIEVSNAN-EVHLATVRIFLCPTEDNN--GITLNLDEERWLCLEL : 532
CmaHc6   : DFEYSLINAVDDTTKVA----------DVP--------------------------ISTIVKRLAHKDFTVESVITNNNEHEVMATVRIFAWPMYDNN--DVEFSFNDGRWNAIEM : 528
CmaHc4   : DFEYSLINAVDDTAEIA----------DVP--------------------------ISTVVKRLTHKSFTAKCVINNNNEHDVIATVRIFAWPKYDNN--HVEFSFNDGRWNAIEM : 527
CmaHc5   : DFEYSLINAVDDTAEIA----------DVP--------------------------ISTVVKRLAHKDFTAECVINNNNENEVMATVRIFAWPKYDNN--HVEFSFNDGRWNAIEM : 528
CsaHc    : DYEYSLINGVDDTVDVL----------DVP--------------------------ISTVVSRLTHNDFKVKIGITNSQNHEVLATVRIFAWPKYDNN--HVEFSFNEGRWNAIEL : 528
CmaHc3   : TFEYSLVNAVDDTEDVD----------DVD--------------------------IFTYISRLNHKEFSFVGDVTNELDHDVLATVRIFAWPHEDNN--GVAFSFNDGRWNAIEM : 523
PvaHc1   : DFEYNLINAVDDTEQIA----------DVD--------------------------ISTYVPRLNHKEFKIKVDVSNNKG-EEVSYRHIFAWPHLDNN--GIKFTFDEGRWNAIEL : 522
PvaHc    : DFEYSLINAVDDAEGIP----------DVE--------------------------ISTYVPRLNHKEFTFRIDVENGGA-ERLATVRIFAWPHKDNN--GIEYTFDEGRWNAIEL : 518
PinHcC   : NFEYSLLNAVDDTVDIA----------DVE--------------------------ILTYIERLNHKKFSFLILVTNNNNTEVLATVRIFAWPLRDNN--GIEYSFNEGRWRALEL : 511
PleHc    : DFEFDLSNALDTTENVN----------EVS--------------------------VKTHISRLNHKPFSLNIHAHAEH--DDKVTVRVYISAKHDEN--HIALDIDESRWGAILL : 515
CmaHc1   : DFEFDLRNALDTSDNVG----------DVT--------------------------VKAHVSRLNHKPFYYNIHYNAKQ--DDKVTVRVYLTPVRDEN--GIKLDINDNRWSAIMI : 515
CmaHc2   : DFKFDLRNALDTSDGVG----------DVT--------------------------VYAHVPRLNHKPFGYNINYHAKS--AERVTVRVYLTPKYDEN--GVQREMEVGRWHAILL : 515
HamPHc1  : DYEYSLMNAMDDKEEMKWED-------NME--------------------------ISAIIPRLRHKDFSFKVNIMNNNDENKLATIRIFAWPHRDVN--GVIMPFNEGRWHAIEL : 532
HamPHc2  : DYEYSLMNAMDDKEEMIWED-------SME--------------------------ISAIIPRLRHKDFSFKVNIMNNNDENKLSTIRIFAWPHRDVN--GVIMPFNEGRWHAIEL : 530
CmaCC1   : EYKYDLINGLNDNTTETE---------FYG--------------------------IYATMPRLNHKEFSYKIHVQNNNGASKKAVIRLLAMPYRDGN--GAIIPFDEGRWLAIEM : 508
CmaCC2   : EYKYDLINGFNDNTTQTE---------FYG--------------------------IYATMPRLNHKEFTYKINVQNNNGTPKKSVIRILAMPYRDGN--GAIISFDEGRWLAIEM : 527
PmaHc2   : ESHINLGNMWVHTPEK------------VG--------------------------IEVTMKRLNHEAFKYVITATAEK--ETEGIVRIFLSPTYNWF--GQEITLQDGHWGAIEM : 525
PgrHc2   : ESHINLGNMWAHTPEK------------VG--------------------------IEVTTKRLNHESFKYVITATADK--DTEGIVRIFLSPTYNWF--GQEITLQDGHWGVIEM : 525
CseHc2   : ESHIDLNNIVENVGREQ----------PVD--------------------------IKAVVSRLNHEPFKYVITVNSKK--PVRGIVRIFLAPKLNWF--GQRVPLDVARWGFIEL : 529
PamHc2   : ESHIDLNNIVDTSGQKE----------VVD--------------------------IKALVGRLNHEPFKYVITVHSEK--PVRAIVRVFPLPKYNWF--GQMVPLDEARWGAIEL : 529
BduHc2   : ESHIDLGNAVDTATHKQ----------VVD--------------------------IKAVVSRLNHEPFKYVITVNSKR--PVNAIVRIFLAPKYDWF--GQKVPLDAARWGVIEL : 530
HmeHc2   : ESHIDLGNAVYTTGQRE----------QVD--------------------------IKAVVSRLNHEPFKYVITVNSKK--AVHGVARIFLSPKYNWF--GQKIPLHVARWGMIEL : 510
TdoHc2   : EFNIDLANAVEGHYKEG----------DVQ--------------------------IKASVNRLNHEPFKYVITVHSDK--VAEGIVRIFIAPKYDWF--GEVVPLDKIRWSLIEL : 508
SamHc1   : YFDVDLLNALDDTEELP----------DVS--------------------------IHARVRRLNHKPFVFSVRVNSEA--ERFVTVRVFLGPKYDWF--GQEIPINEKRHYIVEI : 525
BduHc1   : DFDIDLLNALDDTQELD----------DVE--------------------------IKARVRRLNHKPFTFHITINSEL--DATAAVRVFLGPKYDWF--GQEIPINEKRLYMVEI : 528
PamHc1   : DFDIDMLNALDDTAELQ----------DVD--------------------------IKARVRRLNHKPFSVQVTVNSER--DAMAVVRIFLAPKYDWF--GQEIPINEKRLYMIEI : 524
CseHc1   : DFDIDLLNALDDTLELK----------DVE--------------------------IKARVRRLNHRPFTFSITVNSNQ--EQMAAVRIFLGPKFDWF--GQEIPINEKRLYVIEL : 527
HmeHc1   : DFDIDLLNALDDTQELD----------DVE--------------------------IKARVRRLNHQPFTFRVTVSSEK--NANVAVRVFLGPKYDWF--GVQIPLNEKRLYMVEI : 510
CmoHc1   : DFDADLLNALDDTIDLD----------DVE--------------------------IKARVRRLNHKPFTVQITAESER--ETLATVRIFLGPKYDWF--GQEIPLEEKRQYLVEI : 526
CacHc1   : DFDIDLLNALDDTVELE----------DVE--------------------------IKARVRRLNHKPFNFKIEVNSDK--EYTAAVRVYIGPKYDWF--GQEITLDEKRLYMVEI : 522
TdoHc1   : DFDIDLLNALDDTVELP----------DVE--------------------------IKARVRRLNHRPFTYTINLNSDK--DATVIVRVFLGPKYDWF--GQEIPLEKKRLYMIEL : 527
PmaHc1   : DFDIDMLNALDDTADLP----------DVD--------------------------VKARVQRLNHEPFTWALHMESDK--EVTAAFRVFLGPKKDWY--ESDFTINEVRPYLIEI : 525
PgrHc1   : EFDIDMLNALDNTVDLP----------NVE--------------------------VKARVQRLNHEPFTWALHVESDK--EVTAAFRVFLGPKQDWY--GSDFTINTVRPYVIEI : 525
ScuHc1   : DFDIDMLNALDDAAGLT----------DVD--------------------------IKARVQRLNHKPFGIKIIANSAA--EKTVTVRLFLAPKYDWY--GREVPLDIQRWKFIEL : 522
MgeHc1   : PFDIDLYNALDDDKTVS----------DIE--------------------------IKARVQRINHKPFTYHINVESDV--ERKVVVRTFIGPKYDWY--HQEVPVNEKRWEMVEL : 524
TdoHex1  : DYDVDLTNVVDATL-KEGERQQFQQDQEVI--------------------------IKARVKRINHKPFTVKVEVESDN--NKNAMVRVFLGPKYNYL--GQELSLEEKRQYMVEL : 551
PmaHex1  : NFDIDLDNAVDVGVIEDGQ--------KVN--------------------------IQARQMRLNHKPYTYKVKVVSDK--AATSMVRVFLGPKYDFY--GNEYTLDKMREYMVEL : 544
BdiHex   : YFDVDIDNVVNVKVAEDGK--------YVD--------------------------YRARQTRLNHKPFTYNIEVNSEQ--ATDVYVRVFLGPKYDYL--GREYDLNDRRHYFVEL : 576
RflHex2  : YFDIDLDNVVNVKVPEDGQ--------YVD--------------------------YRARQTRLNHKPFTYSIDVTSDK--ATEVYVRVFLGPKYDYL--GREYNINDRRHYFVEI : 578
PamHex12 : QYDMSLDMAVYVNNVDQIS--------NVD--------------------------VQLAV-RLNHKPFTYNIEVSSDK--AQDVYVAVFLGPKYDYL--GREYDLNDRRHYFVEM : 530
RflHex1  : NFEFSLGGTIYVAKEEDML--------GVN--------------------------LHVRQPRLNHKPFTYKIEVSSEK--AVDAYVRVFLGPKHNYL--DEEWDLNERRHFFVEM : 533
LmiHex1  : DFDIELNNALSFSKPEQGD--------NFN--------------------------FIARQYRLNHKPFYYQLKVKSEK--EVDAVVRVFIGPKYDSY--GREFTLDEKKQYYFLL : 535
LmiHex2  : TFDFEINNALTLSKPEEGA--------GFS--------------------------YVARQYRLNHKPFFYHLKVKSEK--EVDSVVRVFIGPKYDAL--GREYSLEERKQYYVLL : 535
RmiHx1   : TFDFEINNAVAFSGTEDGS--------KVN--------------------------YLARQYRMNHKPFFYHLKVKSDK--EVDSVVRVFIGPKYDAL--GRELSLEERKQYYVLL : 535
TmoHex2  : YFYADLSNAVYVTPQEFVQD-------SFK--------------------------VQVAQQRLNHKPFTYKIYVNSDR--ETDAVVKVFLGPKYDEY--GRFINLTDNWMNFVQF : 545
AgeHex   : KFYADINNAV-YNTQEELDQDKHPN-------------------------------FRVMQYRLNHKPFNYKVVVKSDK--TAKAVVKVFVGPKYDQY--GRKINLNENRLNMLQI : 555
LdeDP1   : WSYSDLTNGVFYNNQEDAK--------TFD--------------------------IRVRQYRLNHKPFTYKIKVTSDK--AQKAVVKVFMGPAYDKN--GETMFLNENRLNFLIL : 550
AgaHex2  : RFDVDITNAI-----------------DIE---PEPYVPGKYEGFGEIEYKPDPVVIKARTMRLNHKPFTYKISLTADK--PAKAAVRVFLGPKYDEY--GGLYTLNENRENFYEL : 532
MseAryla : YYDFDVSNSV-----------------FVSKKDIK-NFPYG---------------YKVRQPRLNHKPFSVSIGVKSDV--AVDAVFKIFLGPKYDSN--GFPIPLAKNWNKFYEL : 555
MseArylb : YYDFDASNSV-----------------FWSKEEVKSSYPHD---------------FKIRQPRLNHKPFSVSIDIKSEA--AVDAVVKIFMAPKYDDN--GFPLKLENNWNKFFEL : 553
CfeHex2  : NCDTVINNAL-----------------SVESFQ---EGMKLR--------------VKARRYCLNHKPFTYRFTINSDK--ETKAVLKIFLGPAFDDIRTKDLSHLRESYKYFFEM : 541
BheHex   : YFDSTISNGL-----------------PITSKQDADNLM-----------------IKVRQSRLNNKHFTVHFALNSDK--AQKVAIQLFLGPKYDAL--GNLLDFSESYKDFYEI : 538
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EpiHc    : DKFQLKLSPGENNITRKSEDSNVTLHKEMTWEMIENQPD------TSGPSSQHYCACGWPHHLLIPKGSAQGTAFHCFIMITDWKTDEVKSSKKP---TCQDAVSYCGII-NDLYP : 602
LpoHcI   : DKFHKELKAGKNEITRNSVDSSVTISTLHTFDELESGV-------GVNENADEYCSCGWPKNMLVPRGNNKGMTFELFVMLTDWEHDNVGGKGSD-NHMCDDAVSYCGAK-DSKYP : 590
TtrHcA   : DKFHKELISGQNIITHNAADSSVTVSTLRTFEDLKAGK-------GVSEDATEYCSCGWPQNMLIPRGNRKGMVFELFVMLTDWQKDNVDGGGG----FCSDAVSYCGAK-DHKYP : 585
EcaHcE   : DKFKATLDPGKNVVTRDHRNSTVTVEQSVPVKKLREEG-------GV---AGEYCSCGWPEHMLIPKGNHRGMDFELFVIVTDYAQDAVNGHGEN-A-ECVDAVSYCGAK-DQKYP : 585
NinHcE   : DKFQVELAAGKNAITRDHKLSSVTVSETHTFKQLLAGE-------GVSENTTEFCSCGWPEHMLIPRGSHKGSEFDLFVILTDYEQDAVGGEASG---VCVDAISYCGAK-DQKYP : 588
EcaHcG   : DKFHKELGPGLNTINRNSVESNVTVAHTYTFDELREGK-------LAPEDATEYCNCGWPRHMLIPKGTHRGMEFQLFVMLTDYTVDNPCGGAGK-I-VCADAVSYCGAK-DQKYP : 590
NinHcG   : DKFHKQLAPGNNVISRNAIDSNVTLSHTYTFDELRAGQ-------SASADASEYCSCGWPEHMLVPRGTHKGMDFQLFVMLTDYSEDNPEGANVK-T-ICNDAVSYCGAK-DQKYP : 589
CsaHc1   : DKFHKELKPGKNFIHRNAFDSNVTLSHTYTFDELRSGL-------SASQDATEYCSCGWPEHMLIPRGTTKGIEFELFVMATDYTHDNPEGADVK-T-ICGDAVSYCGAK-DQKYP : 589
AauHc6   : DKFFYTLTPGKNTIVRNHQDSSVTISKVRTFDQLGAGE-------GVSEDSTEYCSCGWPEHMLIPRGSHKGMEFELFVMLTDHDEDTVAGLSEN-A-VCSDAVSYCGAR-DDRYP : 589
LpoHcIV  : DKFHHGIHKGHNTIVRNSTESSVTVSKIHTFNELKAGV-------GVDEKNTEYCSCGWPQHMLVPRGNEKGMDFQLFVMVTDWEGDHVNGEPSL---ICADAVSYCGAR-DHKYP : 587
EcaHcF   : DKFHAELAAGKNTITRKSSESSVTVSHTPTFEELQRGE-------GVDENTTEFCSCGWPEHLLVPRGTYKGMDFQLFVMLTDYEDDHVGSHNGQ-T-LCADAVSYCGAK-DSKYP : 590
NinHcF   : DKFHAELAPGKNTVTRKSTESSVTVKPTPKFSQLQSGE-------GISENSTEFCSCGWPEHLLVPRGTHKGMDFYLFVMLTDYEHDHVNGLNEK-S-ICADAVSYCGAK-DQKYP : 589
EcaHcD   : DKFHRRLEPGKNVLVRASGDSSVTLSKVPTFEELESG--------NANVNPNEYCSCGWPEHMLVPRGKERGMDFYLFVMLTDYEEDKVQGAGEQ-T-ICSDAVSYCGAK-DQKYP : 587
NinHcD   : DKFTTTLEPGRNTINRRSVDSSVTLSHVPTFEELEKGE-------NIPNRETEYCSCGWPEHMLVPRGTPRGMVFHLFVMLTDYVEDKVLDDSAT-V-VCSDAVSYCGAK-DQKYP : 587
LpoHcII  : DKFKTDLHPGKNTVVRHSLDSSVTLSHQPTFEDLLHGV-------GLNEHKSEYCSCGWPSHLLVPKGNIKGMEYHLFVMLTDWDKDKVDGSESV---ACVDAVSYCGAR-DHKYP : 592
EcaHcA   : DKFYHTLRPGKNTIVRSSTDSSVTLSSVHTFKELLRGE-------DLVEGQTEFCSCGWPQHLLVPKGNEKGMQFDLFVMLTDASVDRVQSGDGT-P-LCADALSYCGVL-DQKYP : 594
NinHcA   : DKFDTDLRPGKNIIVRSSTDSTVTISSTYTFKELLHGE-------DLEEDRSEFCSCGWPQHLLVPKGSNKGMVFDLFVMITDAEKDKVPTSGKK---LCNDALSYCGVM-DEKYP : 593
LpoHcVI  : DKFHAEIHPGHNTIVRHSKDSSVTISSARSFGQLAHGE-------GINEHANEYCSCGWPDHLLVPRGDEKGMPFHLFVMLTDWLHDQVGDHGKT-G-MCTDAVSYCGAK-DQLYP : 594
EcaHcB   : DKFTTVLEPGENVIERDSIDSSVTIREQYTYRQLQDGR--------SNREQTEYCSCGWPNDLLVPKGNEHGMKFRLFVMLTDAVQGQVGDHGAT-G-LCTDAVSYCGAK-DQLYP : 590
NinHcB   : DNFHVELKPGTNTVERRSIDSSVTLSKQPTLKELLQGK-------GTDRRGDEYCSCGWPDHLLIPKGDSSGMKFHLFAIFTNYFEDTVNDHGRT-N-ECVDAVSYCGAK-DQLYP : 592



EcaHcC   : DRFRVELKPGVNHNHRHSRDSSVTISKQPKFDELLKGK-------GTNN-ANEYCSCGWPDHLLVPKGNDRGMPFHLCVMITDYLYDLVGDYGYD-T-PCVDAVSYCGAK-DSLYP : 593
ScoHcA   : DKFVATLEPGHNVIERQSKESSVTMSKDHVFGEIRNLA------------DDHQCSCGWPDYLLLPKGKYEGMTYQLFVVATDYEEDHVEDAGE--ECQCRDSMSYCGSV-EHKLP : 614
ScoHcB   : DKFVATVPAGSSTVEQHSSKSSVTQSNDNFYGSSATRS------------SENHCSCGWPDYLLIPKGNHQGVQFNVYVIATSYDEDHVES-DE--SCHCGDSLSYCGAL-YDKYP : 617
ScoHcC   : DKFIEKLYPGKNTIERHSEDSTVTMSSASIFSDISSEQ------------SEDHCSCGWPDYLLVPKGNFEGFPMEVFVIVTDYEEDKVEGPDE--GCACHDALTYCGGI-DYHFP : 624
ScoHcD   : DKFTVNLKPGKNSVRQPCYNSAVTAKYDVFYGDVESQK------------PQEGCNCGWPDYMLLPKGKYEGLRFRVFAIVTNHDEDKVSD-QE--TCLCGDAVAYCGAH-NQKYP : 622
SpiHc1   : DKFKATLKPGHNVVRRCSNESSVTMPVDHIYGDITRTV------------DEDHCHCGWPEYLLVPQGDYDGMHYELFVMATNYDEDKAQDTDL--SCKCH-AHSYCGNI-LGEYL : 611
GpuHc1   : DKFWTKLAAGDNHIKRKSSESSVSVPDVPSFASLIHDADAAVASGSELHLEDFDRSCGLPQRMLLPKGTEEGLDFLLVVAVSDGTTDAQHDALE---AVDAHGHAQCGVH-GEKYP : 636
GroHc1   : DKFWTKLAAGDNHIKRKSSESSVTVPDVPSFASLIHDADAAVASGSDLHLEEFDRACGLPQRMLLPKGTEEGLEFLLVVAVSDGTTDAQHDALE---AVDAHGHAQCGVN-GEKYP : 636
CcsHc    : DKFWTKLAPGVNSITRSSKDSSVTVPDVPSFKRLIADTKAALAEDKEVKFEEYHRSCGIPNRLLLPKGSSEGMKFVLAVAVTEASSDAHPEILE---IQGAHSHAQCGVQ-GEKYP : 638
EpuHc1   : DKFWRTLHSGDNHLERKSSDASTTVPDIPSYESLMKMADAAVASGEELHIEQFTRSCGIPNRLLIPKGTPEGMEFALFVAVTDGSKDAAIEGLE--KDEHGGSHAQCGIH-GEVYP : 636
PleHc2   : DKFYKSLAPGINHIVRKSTDSSVTVPDRPSFNILKSKTDRAVSSHSKLDLHKFERSCGIPNRLLLPKGKARGMDFALFVGVTNGDEAKTVDDPE----ELGATHAQCGIH-GEKYP : 645
HamHcA   : DKFYKQLKTGSNKIDRKSTESSVTVPDSLSLAELHEKTDQAVASGSKLDLHEYERSCGLPARLLLPKGTVNGMDFDLFVAVTNGDEDKVTDHPE--TDEHGGTHAQCGAH-GEKYP : 634
PinHcB   : DKFFQKVPSGPETIERSSKDSSVTVPDMPSFQSLKEQADNAVNGGHDLDLSAYERSCGIPDRMLLPKSKPEGMKFNLYVAVTDGDKDTEGHNG---GHDYGGTHAQCGVH-GEAFP : 617
PinHcA   : DKFFQKVPKGPETIERSSKDSSVTVPDMPSFQSLKEQADNAVNGGHDLDLSAYERSCGIPDRMLLPKSKPEGMEFNLYVAVTDGDKDTEGHNG---GHDYGGTHAQCGVH-GEAYP : 617
PelHc1   : DKFWRKLANGKNLIERSSKDSSVTVPDMPSFESLKHQADEAVKNGEDLDLSAYERSCGIPDRMLLPKSKPQGMEFNLYVVVTDGDKDTDGSDGD---HDHHGTHAQCGIH-GEQYP : 644
PelHc4   : DKFWKKLANGKNLIERSSKDSSVTVPDMPSFESLKHQADEAVKNGEDLDLSAYERSCGIPDRMLLPKSKPQGMEFNLYVAVTDGDKDTDGSDGD---HDHHGTHAQCGIH-GEQYP : 645
PelHc3   : DKFWKKLGNGLNMIERSSKDSSVTVPDMPSFESLKHQADEAVKNGEDLDLSAYERSCGIPDRMLLPKSKPQGMEFNLYVAVTDGDKDTDGSDGD---HDHHGTHAQCGIH-GEQYP : 645
PelHc2   : DKFWTKLANGKNLIERSSKDSSVTVPDMPSFESLKHQADEAVKNGEDLDLSAYERSCGIPDRMLLPKSKPQGMEFNLYVAVTDGDKDTDGSDGD---HDHHGTHAQCGIH-GEQYP : 644
CmaHc6   : DKFWIKLASGTNTITRSSKDSSITVPDVPSFQDLIEKTKEAVSSGSELHLEEYVSGLGLPNRFLLPKGTTQGMKFHLVVFVSDGAKDAAIDGLH----ENTSFNHY-GAH-NGKYP : 638
CmaHc4   : DKYWTKLTPGPNTITRSSMDSSVTVPDVPSFLTLIEKTEEAVSSGSELHLEDYVSGLGLPNRFLLSKGTTKGMDFHLVVFVSDGAKDAAIDGLL----ENTSFNHY-GAH-SGKYP : 637
CmaHc5   : DKFWTKLAPGPNTITRSSKDSSVTVPDVPSFLTLIEKTEEAVSSGSELHLEDYVSGLGLPNRFLLSKGTTEGMKFHLVVFVSDGAKDAAIDGLY----ENTSFNHY-GAH-NGKYP : 638
CsaHc    : AKFWTKLNSGSNIIERSSKDFGVTVPDVPSFQTLMDMTDEALGSGSALHLEDYESGLGLPDRFLLPKGKTEGMDFHVVVFVSDGAKDAAVDGLH----ESTTYNHY-GCH-DGTYP : 638
CmaHc3   : DKFWVMLHPGHNHIERSSHDSSATVPDIPSFQFIKDRTNEAIAQNKELHIEEFESGLGLPNRFLIPKGNVKGLDMDVMVAITSGEADAAVEGLH----ENTSFNHY-GCA-DGTYP : 633
PvaHc1   : DKFWVKLPGGTHHIERKCSESAVTVPDVPSFATLFEKTKEAL-GGADSGLKDFESATGIPNRFLIPKGNEQGLEFDLVVAVTDGAADAAVDGLH----ENTEFNHY-GSH--GVYP : 630
PvaHc    : DKFWVSLKGGKTSIERKSTESSVTVPDVPSIHDLFAEAEAG-----GAGLAKFESATGLPNRFLLPKGNDRGLEFDLVVAVTDGDADSAVPNLH----ENTEYNHY-GSH--GVYP : 622
PinHcC   : DRFWVKVKHGHHQITRQSTESSVTVPDVPSLQTLIDRADAAISSGCALHLEDYESALGLPNRFLLPKGQAQGMEFNLVVAVTDGRTDAALDDLH----ENTKFIHY-G-Y-DRQYP : 620
PleHc    : DTFWTEVHAGDNEIKRKSSESSVAIPDRVSFPQLIHDADEAVANGAELP-HKESRSCGHPQRLLLPKGKEQGMDFWLDIIITSGD-DAVQDDLT--VNAHGSTHGYCGIH-GEKYP : 626
CmaHc1 : DTFWTEVKAGTHNHRRSGFESNVAIPDRISFEELIKETDEAVDNNLELSLNSG-RSCGHPQRLLLPKGNEEGLQFWLNVYVTSGE-DAVHDDLH--TDIHG-NHGYCGIQ-GAKYP : 625
CmaHc2   : DTFWVDVEAGDHVYHRDASQSNVAIPDRISFEELIKETDEAVANNEELSLNSG-RSCGHPQRLLLPKGNEEGLACWFTVYVTSGG-DGVHDDLQ--TNDYGSNHGYCGIQ-GAKYP : 626
HamPHc1  : DKFWKYLAPGENEVTRKCDESSVTVPDVPSLKSLHEQAEAAIAGISELNLEEFVSATGLPNRLLIPKGNAAGVEFKLVVAVTDGEADSVNDEIN----LTTKFHHY-GHH-G-VYL : 641
HamPHc2  : DKFQKELIPGENTITRKSSESSVTVPDVPSLKSLHEQTEAAIAGSSELNLDEFVSATGLPNRLLIPKGNEAGVEFKLVVAVTDGVADSVNDEIN----LTTKFHHY-GHH-G-VYL : 639
CmaCC1   : DLFVKTLTSGDNEIDRKSSEASITVPDVPTYKTLVEKT------ENRENLEMYESSTGIPNRLLLPKGCEEGTEFRLPVAVTDAENDVNDESII----TMQKYHHY-GVR-G-VQP : 611
CmaCC2   : DLFVKTLTEGKNEIIRKSSEASITVPDVPTYKTLVEMT------EDHQSLERYESATGIPNRLLLPKGNEKGTEFRLVVAATNAEEDINDESII----TMNKYHHY-GVR-G-VQP : 630
PmaHc2   : DRFPVKLTAGENVITRSGKKSVVTIDEPMSFAEI----HKAVADKDATHFHKEFRHCGFPHRLLVPKGRPEGMHYKLMVVITDYHKDVVVPDMDVEHMDKLQSVGYCGVM-EGKIP : 636
PgrHc2   : DRFPVKLTAGENVITRSGKKSVVTIDEPMSFAEI----HKAVADKDATHFHKEFRHCGFPHRLLVPKGRPEGMHYKLMVVITDYHKDVVVPDMDVEHMDKLQSVGYCGVM-EGKIP : 636
CseHc2   : DRFPVRLASGDNIVSRNSVDSIITVPEPRSFSNLVSDVEKAIRGEQVFSYDKYYRHCGFPRRLLLPKGKPEGMVYQLYVVVTDYDKDIVEPGIQPEDVENLSSLGYCGVM-DGKIP : 644
PamHc2   : DRFPVSLVHGDNIVTRNSEDSTVTIPEPRSFPDLMSDVQKAIRGEQDFKYDIHHRHCGFPHRLLLPKGKPEGMVYRLFVVVTDYDKDVVAPGMSPDDVNTLSSLGYCGVM-DGKMP : 644
BduHc2   : DRFPVKLVNGDTVITRSSDQSTVTIPEPKSYPELVNDVERAVRGEVDFVYDKHHRHCGLPHRLLLPKGKPEGMDFKLYVVISDFDKDVVSSEVNVDDLHHISSLGYCGVL-DGKIP : 645
HmeHc2   : DRFPVKLEAGDNVITRNSEDSIVTIPEPRSFPHLINYVERAINGEEEYVVDKYHRHCGFPHRLLLPKGKPEGMTYRIYVIITDYNKDIITSDWKPEDIENLSSLGYCGVL-EGKIP : 625
TdoHc2   : DRFPVHLRQGDNVIVRSSQDSTVTIPEPRSYPELIKEIEDALNGQDEYAIDKYHRHCGYPHRLLLPKGTSGGMVFNLYVTITNYEQDKVHPGVTVDEVDNLTSLGYCGVL-DGVIP : 623
SamHc1   : DKFVAKVNAGKTVIARKSSESSVTIPDRETTKVLTQRVEDAIAGKVQLTVNKDVRHCGYPDRLLLPKGRRDGMPFTLFVVLTDYEKDKVNDLPF--DYDYGGSVSYCGTL-GHRYP : 638
BduHc1   : DKFVAKVNKGTTVVQRKSSESSVTIPDRETTKDLVKKVHDALEGKSSFYVCKDVRHCGYPDRLLLPKGKKEGMPFTLYVIVTDFEKEKVNDLPW--DYDYGGSISYCGVLSGHKYP : 642
PamHc1   : DKFVTKVNKGTTVVQRKSSESSVTIPDRETTKVLTKRVEEALQGKTTYMVNKDVRHCGYPDRLLLPKGKKDGMIFTMYVIVTDYETEKVNDLPY--DYEYGGAISYCGTLAGHKYP : 638
CseHc1   : DKFVAKVNKGATVIQRKSSESSVAIPDRETTKILVRRVDDALQGKATYTVNKDVRHCGYPERLLLPKGKRDGMPFSLFVILTDFDKEKVNDLPW--DYDYGGSISYCGTVSGHKYP : 641
HmeHc1   : DKFYTTVNKGTTVIERKSSESSVTIPDRETTKVLQKKVEDAIQGNGAFLVNKDVRHCGYPDRLLLPKGKKDGMPFTFYVIVTDFDKEKVNDVPL--DYNYGGSISYCGTLAGHKYP : 624
CmoHc1   : DKFVTKVNSGKTTIQRKSSESSVTIPDRETTKLLVAKVENAINGKATINVNKDVRHCGYPDRLLLPKGKKGGMPFTLYVILTDFNKEKVNDLPY--DYDYGGSLSYCGTI-NHKYP : 639
CacHc1   : DKFVTKLTAGHNNIFRKSSESSVTIPDRETTKVLHKKVKDALKNSTPLLVNKDVRHCGYPGRLLLPKGKIEGMPFPLYAIVTDFEQEKVNDLPF--DYDYGGSISYCGTL-GHKYP : 635
TdoHc1   : DKFVAKVSAGQTPIQRKSSESSVTIPDRETTKVLVQRVKDALEDKTTWNVNKDLRHCGFPDRLLLPKGKKEGMPFTLFVMVTDWEKEKVNDVPY--DYDYGGSISYCGTL-NHKYP : 640
PmaHc1 : DKFVTKVVAGKSVIHRKSSESSVTIPDRETTKVLLEKVEHALEGKETLNVNKDERHCGYPDRLLLPKGRNTGMPVQIYVIVTDFEKEKVNDLPY--DYDYGGSLSYCGVVGGHKYP : 639
PgrHc1   : DKFVAKVVAGKSVIHRKSSESSVTIPDRETTTLLLDRVDLALDGKETLNVNKDERHCGYPDRLLLPKGRKQGMPYQIYVIVTDFEKEKVNDLPY--DYDYGGSLSYCGVVGGHKYP : 639
ScuHc1   : DKFAVKLTAGENAIVRKSSESSVTIPDPVSTHDLRKLVDDAIAGTATLEVDKDVRHCGVPDRLLLPKGKTNGMKYTMFVMLSDFEEDKVNDLPH--DYEYGGFVSYCGTI-NHKYP : 635
MgeHc1   : DKFLTHIPAGKSVIERLSTESTVTTPDYESFRSLVNRVDEALKGNKEFIIDEEFRHCGLPDRLLIPKGNEEGYPVKFFVIVTDWEEDKVNQEVE--NHRYGNVYSYCGTYGDRLYP : 638
TdoHex1  : DRFPVQLTSGKNVIQRESKDFNSIVPDHIPTKNLKHMVKSAVEGEQTFYVQKGKRQCGLPEHLLLPKGKKAGLPFTLFIMVTENENNEQD------NVNYKQPFILCGVK-EGKYP : 660
PmaHex1  : DRFTFKMTSGENVIERNSYDSSVTVADKTAYRQLFKKVDKAIAGEEQFFVDETERHCGWPQRLLLPKGKKGGMTFRFFVMVTPFDETSVTDM----KHLDFTSMPYCGVGKHGVYP : 656
BdiHex   : DRFPYKVQAGKTTITRNSRESSVVSHDYPSFRTLLRKVFDAYEGKEQFYYDKSERYCGYPERLLLPKGKTGGQTYTFYVMVTPYVKQDDHDF----EPYNYKSFSYCGVGANHKFP : 688
RflHex2  : DRFPHKIQEGKTTIKRNSRDSSVVTPDYPSYRTLLRKVSDALEGKEQFYIDRSERYCGYPERLLLPRGKKGGQSFTFYVILTPYVQQGEHEF----EPYNYKSFSYCGVGFNNKYP : 690
PamHex12 : DRFPYHVGAGKTVIERNSHDSNIIAPERDSYRTFYKKVQEAYEGKSQYYVDKGHNYCGYPENLLIPKGKKGGQAYTFYVIVTPYVKQDEHDF----EPYNYKAFSYCGVGSERKYP : 642
RflHex1  : DRFRHHVPAGKSVIERNSHDSSIIAPTPDSYRTFVKKVQDAYDGKTQYFIDKSHNYCGFPENLLLPKGQKGGETFTFYVIITPYVKQDEHDF----EPYDYKAFSYCGVGQDRKYP : 645
LmiHex1  : DIFNQKLNAGENEIKRSSKEFTLFAKEAPSYYDLYQTTFRALKGEDKFSLDKFRSHFGFPQRLALPRGTRSGLPLSVFAIVTPAVQGSEHPVL--------------------PYY : 631
LmiHex2  : DTFNYKLVAGENDIKRSSNDFPFYAKEAPSWYDLYKATSSAIKGEDKFFLDKFRSHFGFPQRLALPRGTRSGLPLSVFTIVTQASPDAKNPIL--------------------EHG : 631
RmiHx1   : DIFNQKLAVGENDIKRSSNDFPLYGKDAPHHSDLFYKTSSALKGEDKFFLDEFRSHFGFPHRLALPRGTRSGLPLSVFAIITPAVPEANHRFL--------------------KSG : 631
TmoHex2  : DHFVYKLKAGDNIISRDSHEIYNYMHDRTSYYELYQKAFGVHDQSHSFQFHHDQFWYGYPQRYMLPMGSRGGMTYQFYVMVSKQLPYKTH-----------TTVPMIGS--GMQYV : 648
AgeHex   : DHFVYDLKTGENVITRNSEDNYFFTPDRTSYYEMYKQVLGASNGQ-DYHVDGRQNYFYFPQRYMLPKGTEDGMTFQFYVIVSPYKAFHGHQQHH--DQDHYFNYPKVGT--AGQYV : 666
LdeDP1   : EHFVHDLKAGENVITRSSHEMRFYAPDKMSFRDMYKRVKAALEGDGEFKIDERQNYFHWPQRFMLPRGSSAGTPYRFFVIVYPYEPYHE-------GKYETDGIPAPGS--GGVFI : 657
AgaHex2  : DYFVQELTAGKNVLTRSSVNFNGYVKDRTSFYELYRSVMAGYTGAEKFQLDMSEAHCGFPNRLMLPKGKKGGMPFQLYVIVSPYKAPQVS------QYSGFDPVLSCGVGSGARYM : 642
MseAryla : DWFVHKVMPGQNHIVRQSSDFLFFKEDSLPMSEIYKLLDEGKIPS-----DMSNSSDTLPQRLMLPRGTKDGYPFQLFVFVYPYQAVPKEMEPF-----------------KSIVP : 649
MseArylb : DWFTYKFVAGDNKIVRNSNDFLIFKDDSVPMTELYKLLEQNKVPH-----DMSEDYGYLPKRLMLPRGTEGGFPFQFFVFVYPFNADSKDLAPF-----------------EAFIQ : 647
CfeHex2  : DHFEVTLKQGTNTIERHSSDSVFTMPDLVSSDTFYKQLERAMSGSAPFTY--VEKFFTLPERLVLPKGKPEGMRFKMFFYLSTLDGSKVRNVELP-IF-------------GKLTL : 641
BheHex   : DYWITDVNAGLNKLERTSHDFIFLMADRDPSEILYKRVLKALDGSEKFMY--KKNLYGIPERLLLPKGKRAGSIFQLFAYVSPVTQPVTYKSRVF----------------GSYQY : 636

820         *       840         *       860         *       880         *       900         *       920
EpiHc    : DKKPMGFPFDRLIPSDLATFVSRSNMKIFDISIIHREKK------------------------------------------------------------------------- : 641
LpoHcI   : DKKPMGFPFDRRIDAHDIEEFLTPNMALTDVKIKFEG--------------------------------------------------------------------------- : 627
TtrHcA   : DKKPMGFPFDRKIENEHLEDFLTTNMGVSDIKIQFMG--------------------------------------------------------------------------- : 622
EcaHcE   : DKKPMGFPFDRVIEGLTLEEFLTPSMSCTDVRIKYTDIK------------------------------------------------------------------------- : 624
NinHcE   : DKKPMGFPFDRVITADTVAEFLTPNMSCTDVKIKHVI--------------------------------------------------------------------------- : 625
EcaHcG   : DTKPMGFPFDRPTKIHTAEEILTPNMSLTDVVIQYVGHE------------------------------------------------------------------------- : 629
NinHcG   : DKKPMGFPFDRPLLSSVAAKLPTENTCVTDIKIKFLG--------------------------------------------------------------------------- : 626
CsaHc1   : DKKPMGYPFDRPTTARSAQELLTDNMSLTTVKIQYLGYKRACYGN------------------------------------------------------------------- : 634
AauHc6   : DKKAMGFPFDRKIEARTAAEFLTPNMGLTDIKIKFHG--------------------------------------------------------------------------- : 626
LpoHcIV  : DKKPMGFPFDRPIDARTPSQFATPNMSFTDIRIQFSH--------------------------------------------------------------------------- : 624
EcaHcF   : DKRAMGFPFDRVIKARTVADFRTTNMSFTDVKIQFKDQV------------------------------------------------------------------------- : 629
NinHcF   : DKKSMGFPFDRVIKARTLAEFSSANMKFQEVKIQFKE--------------------------------------------------------------------------- : 626
EcaHcD   : DKKAMGYPFDRPIQVRTPSQFKTPNMAFQEIIIQYEGHKH------------------------------------------------------------------------ : 627
NinHcD   : DRRAMGYPFDRPIKARTPSQFKTQNMSFTEVRIQYGGYKA------------------------------------------------------------------------ : 627
LpoHcII  : DKKPMGFPFDRPIHTEHISDFLTNNMFIKDIKIKFHE--------------------------------------------------------------------------- : 629
EcaHcA   : DKRAMGYPFDRKITADTHEEFLTGNMNISHVTVRFQD--------------------------------------------------------------------------- : 631
NinHcA   : DKRAMGYPFDRTITAQSHEEFITPNMKISNITVRFQD--------------------------------------------------------------------------- : 630
LpoHcVI  : DRRPMGFPFDRHIELEHLKDWVLPNMKDTLITVTHHEEVHNHNH-------------------------------------------------------------------- : 638
EcaHcB   : DRYPMGFPFDRDIKADSIPEWLHPNMHFSEVTITHHQ--------------------------------------------------------------------------- : 627
NinHcB   : DKRAMGFPWDREIVANDFNEWRQPNMISIPIDIVHS---------------------------------------------------------------------------- : 628
EcaHcC   : DRRAMGFPFDRPIPEGHASNLHQPNVSFSQIKIQHH---------------------------------------------------------------------------- : 629
ScoHcA   : DNKPLGYPFDRRIDGTGFEEFKTQNMYYGDVVIQFTGETVTH---------------------------------------------------------------------- : 656
ScoHcB   : DRRPMGYPFDRHADAQTFDEFKTKNMNSVTVTIKHTGEVKDA---------------------------------------------------------------------- : 659
ScoHcC   : DKRAMGFPFDRPIKQRNFNAFKTKNMGKVTVDVKFTGETIAPE---DFHNQH------------------------------------------------------------ : 673
ScoHcD   : DKKPMGFPFDRRIDERTFEHFHTPNMIATDVIIKFTGEFLPPKGDI------------------------------------------------------------------ : 668
SpiHc1   : DKRPLGYPFDRKIKATGWAEFKTQNMCDADIVIKFSGKNK----------DH------------------------------------------------------------ : 653
GpuHc1   : DHQPMGFPLDRRIPDDRIFL-SADNIEKLIVTVHHKH--------------------------------------------------------------------------- : 672
GroHc1   : DHQPMGFPLDRRIPDDRIFL-SADNIEKLLVTVTHKH--------------------------------------------------------------------------- : 672
CcsHc    : DSKPMGFPLDRRIEDERILL-SSSNLKYTVVKITHKH--------------------------------------------------------------------------- : 674
EpuHc1   : DKRPLGFPLDRQIPDERILE-HFPNLHKSIVVVHHEEHHKDH---------------------------------------------------------------------- : 677
PleHc2   : DKKPMGYPVDRSVPDNRVFL-ESPNIKRVYVKVFHDEHHDEHQ--------------------------------------------------------------------- : 687
HamHcA   : DKKPMGYPLERSIPDERVFH-DVANINVTHVKVFFKEEH------------------------------------------------------------------------- : 672
PinHcB   : DNRPLGYPLERRIPDERVID-GVSNIKHVVVKIVHHLEHHD----------------------------------------------------------------------- : 657
PinHcA   : DNRPLGYPLERRIPDERVID-GVSNIKHVVVKIVHHLEHHD----------------------------------------------------------------------- : 657
PelHc1   : DHRPLGYPLERRIPDERVFD-GVSNIKHALVKIVHDPELRA----------------------------------------------------------------------- : 684
PelHc4   : DHRPLGYPLERRIPDERVFD-GVSNIKHALVKIVHDPELRA----------------------------------------------------------------------- : 685
PelHc3   : DHRPLGYPLERRIPDERVFD-GVSNIKHALVKIVHDPELRA----------------------------------------------------------------------- : 685
PelHc2   : DHRPLGYPLERRIPDERVFD-GVSNIKHALVKIVHDPELRA----------------------------------------------------------------------- : 684
CmaHc6   : DKRPHGYPMDRRVDDKRIFS-GVTNIKCMNVKVYHVETQ------------------------------------------------------------------------- : 676
CmaHc4   : DKQPHGYPLDRRVDDKRIIT-GVTNFKGMDVKVYHVEEQ------------------------------------------------------------------------- : 675
CmaHc5   : DKQPHGYPLDRRVDDERIIT-GVTNFKGVDVKVYHVETQ------------------------------------------------------------------------- : 676
CsaHc    : DNQPHGYPLDRRVDDERIIT-GVSNFKAVDVKVYHVEDH------------------------------------------------------------------------- : 676
CmaHc3   : DKRPHGYPLDRHVDDERIIN-DLHNFKHIQVKVFHHA--------------------------------------------------------------------------- : 669



PvaHc1   : DKRPHGYPLDRKVPDERVFE-DLPNFGHIHLKVFNHGEHIHH---------------------------------------------------------------------- : 671
PvaHc    : DKRPHGYPLDRKVPDERVFE-DLPNFKHIQVKVFNHGEHIH----------------------------------------------------------------------- : 662
PinHcC   : DKRPHGYPLDRRVDDERIFE-ALPNFKQRTVKLYSHEGVDG-G--------------------------------------------------------------------- : 661
PleHc    : DKRPMGFPFDRPIPDLRVFK--VQNQHGQVVKIFHH---------------------------------------------------------------------------- : 660
CmaHc1   : DKRPMGFPFERRVPDIRVIK-NLPNFFGKIVDVYHKDH-------------------------------------------------------------------------- : 662
CmaHc2   : DKRPMGFPYERRIPNKFLVL-GLPNHHSQEVNVYHKEE-------------------------------------------------------------------------- : 663
HamPHc1  : DKKSHGYPLDRRVPDERLFH-EIPNFGETIVKVFNHNEHVHRHE-------------------------------------------------------------------- : 684
HamPHc2  : DKKPHGYPLDRRVPDERLFH-EIPNFGETIVKVFNRDEHVYHH--------------------------------------------------------------------- : 681
CmaCC1   : DNRPFGYPLDRRVPDEHIVD-EVSNIKATMVKVYNHNVFIPLS--------------------------------------------------------------------- : 653
CmaCC2   : DKRPFGYPLDRRVFDEHIVN-EVSSIKETMVKVYNHDVLIRLPHY------------------------------------------------------------------- : 674
PmaHc2   : DGKPMGYPFDRRISCEESFI--TKNMKFVDITVKTRV--------------------------------------------------------------------------- : 671
PgrHc2   : DGKPMGFPFDRPVPCEETFI--TKNMKFVDITVKTRV--------------------------------------------------------------------------- : 671
CseHc2   : DGRPMGFPFDRRIVSPEQFL--TPNMEVVDITIKNVNQKPAE---------------------------------------------------------------------- : 684
PamHc2   : DGKPMGFPFDRRVPSEETFY--TPNIKTIDLTIKNVKQKPTE---------------------------------------------------------------------- : 684
BduHc2   : DGKPMGFPFDRRIPSEELFL--TPNMKVVNLVIKNVRQKPVE---------------------------------------------------------------------- : 685
HmeHc2   : DARPMGFPFDRRITSEEEFF--TQNMKVVDVTIPNVKENR------------------------------------------------------------------------ : 663
TdoHc2   : DGRPMGYPYDRPIPDKEVFN--IPNSKVIEVTIKNAK--------------------------------------------------------------------------- : 658
SamHc1   : DAKPMGFPFDRRIDQD-SFF--TKNIYQRDVTITFKGSV------------------------------------------------------------------------- : 674
BduHc1 : DSKPMGFPFDRHIDGD-HFF--TENMYQKEVKITFQDNE------------------------------------------------------------------------- : 678
PamHc1   : VNKPMGFPFDRQIDGD-NFC--TPNMFQKDVIITFKDTI------------------------------------------------------------------------- : 674
CseHc1   : DSKPMGFPFDRQINSD-NFF--RSNIYQKDVVITFKDSE------------------------------------------------------------------------- : 677
HmeHc1   : DNKPMGFPFDRRIDED-HFF--TPNMGQKEVTISFKEVP------------------------------------------------------------------------- : 660
CmoHc1   : DSRPMGFPFDRRLSTE-EFS--MPNFCSKDVTITFKGDSS------------------------------------------------------------------------ : 676
CacHc1   : DSKPMGYPFDRPI-GR-EFY--YPNMFEKDVVITHKES-------------------------------------------------------------------------- : 669
TdoHc1   : DTQPMGYPFDRRIENVEEFL--TPNMYVKDVVITHN-DAE------------------------------------------------------------------------ : 677
PmaHc1   : DTKAMGFPFDRRIYSREDFF--TDNMYTKDVTITFKENHHH----------------------------------------------------------------------- : 678
PgrHc1   : DTKAMGFPFDRRIYSREDFF--TDNMYTKDVTITFNENHKH----------------------------------------------------------------------- : 678
ScuHc1   : DKKPMGWPLDRKICKDSFHD--VTNMYFRDVEIKFEHTH------------------------------------------------------------------------- : 672
MgeHc1   : DKKAFLYPFDRVIKDVNVFK--TPNMFGKYVSIYHKDISELNRVVPVVEE-------------------------------------------------------------- : 686
TdoHex1  : DTKPMGYPFDRKFDERDIKS--ATNVYVKDVLIYHKRDVSESSDKYSQYDDLY----------------------------------------------------------- : 711
PmaHex1  : DSYSMGYPFDRTIEHY-DFFYNAPNMHFDDVIIFHKTAEELNIKVHH----------------------------------------------------------------- : 702
BdiHex   : DDKPFGYPFDRVLYSQ-EFV--TPNMYFKDVVIYHKKYEEINAATVQQ---------------------------------------------------------------- : 733
RflHex2  : DYKPLGYPFDRPIYGS-DFY--TTNSYFKDVVIFHKKEEEVNTAITQ----------------------------------------------------------------- : 734
PamHex12 : DNKPLGYPFDRKIYSN-DFY--TPNMYFKDVIIFHKKYDEVGVQGH------------------------------------------------------------------ : 685
RflHex1  : DDMPLGFPFDRQIHSK-DFY--THQHVLQGCTIFPQETRRSQYSHPLGQQCEISTSHLLSGNGFSISKPKATDILQSDVLTLVNIILRFSGMCCRILW-------------- : 740
LmiHex1  : DNQAAGFPFDRRVVEF-EFD--VPNVYFGETYVVHRRVEDINTTA------------------------------------------------------------------- : 673
LmiHex2  : DLHAAGFPFDRRVVEF-EFD--VPNAHFDETFVVHRRVEDLNATA------------------------------------------------------------------- : 673
RmiHx1   : DNHAAGFPFDRRIVEL-EFD--VPNAHFDETFVVHRRLEDINSTA------------------------------------------------------------------- : 673
TmoHex2  : DSYPMGYPFDRPVYWEQVFY-DIPNSYFHEVKIYHEHHDHGYEQHLEHEATHYMV--------------------------------------------------------- : 702
AgeHex   : DGYALGHPFDRHIKFEKMWH-NVPNSYFYETKIYHKHSYDDHIHHHLHHEHYTEL--------------------------------------------------------- : 720
LdeDP1   : DNRTAGFPFDRVIRFEKMWY-PLANGQFQEAKVYFKDIYDINAPHH------------------------------------------------------------------ : 702
AgaHex2  : DSYAFGYPFDRPIDEKLFYA--VPNAFFQDVSIYHKSE-------------------------------------------------------------------------- : 678
MseAryla : DSKPFGYPFDRPVHPEYFKQ---PNMHFEDVHVYHEGEQFPYKFNVPFYVPQKVEV-------------------------------------------------------- : 702
MseArylb : DNKPLGYPFDRPVVDAYFKQ---HNMFFKDVFVYHDGEYFPYKFNVPSHVMHSNVVPKH----------------------------------------------------- : 703
CfeHex2  : DEKPLDFPLDKPMHPW-KFF--TPNMLMKDVYIYHIPGNTINENRMTDDTMIENWMNENWLNEDRVNEDRLNEDTMNKSWLKEHRMNKDTINESWLKENRMKDTMDENTMNL : 750
BheHex   : YMKPGGFPLDRPIYYP-HFQG--PNMFFKDITIYHKTDVDPNATT------------------------------------------------------------------- : 678

****************************************************************************

Fig. S18. Multiple alignment of the putative hemocyanin subunits and the previously identified
insect hemocyanin subunit types 1 and 2, selected insect hexamerins, crustacean hemocyanins,
crustacean pseudohemocyanins, chelicerate hemocyanins, myriapod hemocyanins, and one
onychophoran hemocyanin used for the phylogenetic analyses. The N- and C-terminal sequences
were deleted from the alignment for phylogenetic analyses (denoted by asterisks)
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