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ABSTRACT

The Kekkon (Kek) family of proteins are a group of six transmembrane proteins characterized by an
extracellular domain with seven leucine rich repeats and one immunoglobulin domain. The
intracellular domain has no known functional motifs and is poorly conserved across species. A short
intracellular motif (SLiM) is a short (3-10 residues), linear group of amino acids that mediate protein
interactions, and because of the short length and high specificity tend to be well conserved during
evolution. Identification of highly conserved residues across a taxonomic range could lead to the
discovery of SLiMs, broadening our understanding of Kek protein function and mechanisms. This
project identified Kek1, 2, 3, 5, and 6 orthologs in a group of sixteen arthropods, and from this group

of orthologs putative SLiMs with unknown functions were identified.
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INTRODUCTION
Kekkon Protein Family

Leucine-rich repeats (LRR) and immunoglobulin (Ig) domains are some
of the most ubiquitous motifs in the metazoan proteome (Maclaren et al,
2004). LRR domains are present in many proteins with diverse functions
and form an undetlying structure that facilitates protein-protein
interactions (Figure 1) (Kobe and Kajava, 2001). Ig domains are
characterized by an immunoglobulin fold, two antiparallel 3 sheets with a
disulfide bond, and, like LRR domains, are found in a wide variety of
proteins, especially those that participate in cell-cell interaction (Figure 2)
(Barclay, 2003). The Drosophila melanogaster proteome contains 124

proteins with an LRR domain and 228

proteins with an Ig domain, while the

six of them are Kekkon (Kek) proteins.

domain

Figure 1. Structure of
LRR domain

human proteome contains 375 proteins with an LRR domain and
750 proteins with an Ig domain. Despite the ubiquity of the LRR
and Ig domains in metazoan proteomes, only nine proteins in the
Drosophila melanogaster proteome contain both an LRR domain and

an Ig domain. Of these nine members of the LIG protein family,

The Kekkon family of proteins is a group of six transmembrane
Figure 2. Structure of Ig LIG proteins characterized by an extracellular domain with seven

leucine rich repeats capped by cytosine rich repeats and a single

immunoglobulin domain (Figure 3). The intracellular region has

no known functional motifs. (MacLaren et al, 2004).
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Figure 3. Kekkon family in Drosophila melanogaster

Unlike the extracellular domain, the intracellular domain of Kek family members is poorly conserved
across species (MacLaren et al, 2004). Poor conservation of intracellular domains and the presence
of multiple Keks, suggest each member of the Kek family performs a unique function. The exact
function of all Kek proteins remains unclear, but preliminary studies of their function suggest that
they play a role in cell signaling and neural development. Kek1, Kek2 and Kek5 are abundant in the
Drosophila melanogaster embryonic central nervous system (Musacchio and Perrimon, 1996 ; Evans et

al, 2009).

In Drosgphila melanogaster, Kek1 has been shown to inhibit the Epidermal Growth Factor Receptor
(dEGFR) during oogenesis (Alvarado et al, 2004). Kek1 is expressed in tissues with dEGFR activity
such as follicle cells, the eye, and wing imaginal disks, and conversely, Kek1 is not expressed without
dEGFR activity (Ghiglione et al, 2003). Loss of Kek1 function during eye development is associated
with altered eye phenotype (Alvarado et al, 2004). Furthermore, overexpression of human EGFR and
mutated human EGFR are associated with many forms of cancer, especially lung and breast cancers
and glioblastoma (Sigismund et al, 2017). Given that Kek1 inhibits dEGFR, and the role of aberrant

EGEFR signaling in cancer, Kek1 may have potential for therapeutic uses as an inhibitor.



Kek5 has been shown to regulate bone morphogenetic protein (BMP). In Drosgphila, BMP regulates
wing growth and vein formation during larval and pupal stages respectively. Gain- and loss-of-function
studies show that Kek5 likely inhibits BMP, and loss-of-function results in abnormal wing morphology

and reduced viability (Evans et al, 2009).

Keko6 interacts with Drosophila neurotrophins to regulate neuronal plasticity. Kek6 acts as a receptor
tor Drosophila neurotrophin 2 (DNT2) to regulate synaptic structure, plasticity, and vesicle release via
CaMKIII and VAP33A. Furthermore, Kek6 interacts with Toll-6, another DNT?2 receptor, to regulate

neuromuscular junction growth (Ulian-Benitez et al, 2017).

To date, limited work has been done on Kek2, Kek3, and Kek4 function. Kek2 is abundant in
developing Drosophila central nervous systems, and may play a role in regulating synaptic structure, but
is otherwise poorly understood (Guan et al, 2005). Kek3 appears to play a role in BMP regulation,
but Kek3 BMP regulation appears to be a different mechanism than Kek5 BMP regulation (Krishnan,
2015). Kek4 has not been studied and appears to only be present in Drosophila.

Unlike the extracellular domain, the intracellular domain is pootly conserved across species (MacLaren
et al, 2004). This has led to an unresolved question — How do the Kek family members transduce an
extracellular cue to produce an intracellular response? Identifying portions of the intracellular domain,
that are well conserved across species and among the different Kek proteins, could provide better

insights into the functions and signal transduction mechanism by which Kek family proteins act.

Short Linear Motifs

A short linear motif (SLiM) is a small, linear group of residues that facilitate protein binding, and
therefore, function (Krystkowiak and Davey, 2017). SLiMs are approximately 3-10 amino acids in
length, and it is estimated that SLiMs mediate 15%-40% of protein interactions (Edwards et al, 2007).
Identifying and understanding SLiMs are critical in understanding protein function and mechanism,
but due to their relatively short length they are difficult to identify. Identification of SLiMs in proteins
with poorly understood functions and interactions could lead to new understandings into protein

function and cellular regulation (Davey et al, 2012).



Because SLiMs play an essential role in protein function, the SLiM residues tend to be well conserved
compared to non-functional residues. While the specificity of a SLiM’s interactions lends itself to
evolutionary conservation, it can also lend itself to convergent evolution (Davey et al, 2012). A
phylogenetic approach to SLiM identification takes advantage of these inherent characteristics. This
is accomplished by first identifying protein orthologs in different species, then comparing the protein

sequences to identify areas of the protein sequence with conservation across a taxonomic range.

The presence of Kek proteins in the Drosophila genus is well documented, and Kek orthologs have
been found in Anopheles gambiae and Apis mellifera (MacLaren et al, 2004). This project aimed to identify
Kek orthologs in more evolutionarily distant arthropods and to identify conserved short linear motifs,
SLiMs, using a phylogenetic approach. Through this I hoped to address the unresolved question of

how Kek family members transduce signals via their intracellular domains.



METHODS AND MATERIALS

Identification of Kek orthologs

To identify Kek orthologs in arthropod species of interest, the Drosgphila melanogaster Kek protein
sequence was used to search the National Center for Biotechnology Information (NCBI) protein
database using the blastp search function (blastp suite). Using the ranked search results, potential Kek
orthologs were identified based on a low e value and high percent identity. To confirm that the
putative ortholog was indeed an ortholog for a specific Kek family member, its protein sequence was
blasted against the Drosophila melanogaster proteome using FlyBase (FlyBase). If the top result obtained
in this search was the same Kek protein used in the initial NCBI blastp search then the suspected Kek
ortholog was confirmed as a true ortholog for that specific Kek family member. Once the ortholog’s
identity was confirmed in this manner, its NCBI accession number, open reading frame length and
FASTA sequence were added to a master list of Kek orthologs. For Kek family members 1, 2, 3, 5,
and 6, MS Word files containing all orthologs with their associated protein sequences, accession
number, and species name were generated. The FASTA sequences of all identified orthologs can be

found in appendlx A. Phobius prediction

Prediction of DmkS

Identification of the transmembrane and intracellular % %5, .

FT  REGION 1 15 N-REGION.
FT  REGION 16 27 H-REGION,
FT  REGION 28 35 C-REGION

}"g(gloﬂ ;} }gmgag 4;; :c;ﬁ NON CYTOPLASMIC.
FT TOPO_DOM 435 931 CYTOPLASMIC.
. . . /
In order to identify the intracellular domain, the
Phobius posterior probabilities For DukS
1
sequences were analyzed using Phobius (Phobius). —‘1
Phobius uses hydrophobicity to predict the location o
of the signal sequence and transmembrane domain; 5 o0
H
allowing for identification of extracellular and i
g 0.4
intracellular domains based on the position of the £
0.2
signal sequence and transmembrane domain. The
. s . [
signal sequences were highlighted blue and :—
o 100 200 300 400 SO0 BO0 700 B0 SO0
‘transmembrane cytoplasmic non cytoplasmic == signal peptide =

intracellular domains red in the FASTA sequence list.
Figure 4. Phobius prediction sample output.

See figure 4 for a sample output.

Positions of the signal sequence, transmembrane,

extracellular and intracellular domains ate represented.


https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastp&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
https://flybase.org/blast/
http://phobius.sbc.su.se/

Sequence comparisons

Once the transmembrane domains had been identified, intracellular regions were defined as the first
amino acid following the transmembrane domain to the final amino acid. Based on this, the
intracellular domains of a specific set of Kek family member orthologs were aligned using Clustal
Omega (Clustal Omega) using standard parameters and an output format of Pearson/FASTA. The
alignhment output was then compared using BoxShade (BoxShade). The BoxShade fraction of
sequences was set to 1.0, meaning only areas with 100% conservation were shaded. Conserved
regions, here termed putative short linear motifs (SLiMs), were identified using BoxShade files. Using
MS Excel, a master file was created with all SLiMs identified in this manner. For each Kek family
member analyzed, a tab was generated that contains the putative SLiM for each species. Finally, using
this Excel file, the residue frequency for each amino acid in an identified SLiM was depicted graphically
using weblogo (WebLogo). WebLogos were created for each SLiM in each member of the Kek family,
and additional composite WebLogos were created for SLiMs found in more than one Kek protein. In
order to create the composite WeblLogos the SLiMs with the same fingerprint motif were trimmed

and aligned by hand so that the fingerprint motifs aligned.
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https://www.ebi.ac.uk/Tools/msa/clustalo/
https://embnet.vital-it.ch/software/BOX_form.html
https://weblogo.berkeley.edu/

RESULTS

Identification of Kek orthologs
Given the relatively low frequency of proteins with 'ME ::-:
extracellular domain with both an Ig domain and LRR m: - :::,: §
domain in the Drosophila melanogaster proteome, all T ::':‘2 e
members of the Kek protein family likely diverged from A
a single ancestral gene (MacLaren et al, 2004). Prior B N :::.:
research into the evolution of Kek proteins suggest that - ::.: g
Kek1, 2, and 3 form an intrafamilial clade and Kek 4, 5, ) . —_r
and 6 form another intrafamilial clade (Figure 5) (Evans, i :K.:: J
2006). Prior studies have found Kekl, 2, 3, 5, and 6 o -
orthologs in species other than Drosophila melanogaster, :’:::”
Kek4 does not appear to be conserved, and therefore . - u:-nnu
was not considered in this study. Figure 5. Kek family phylogenetic tree
(Evan et al, 20006)

In an attempt to identify conserved, and therefore likely

functionally relevant, sequences within the intracellular domain in the Kek family, Kek orthologs
among sixteen different arthropod species were identified. The sixteen species of interest represent
approximately 530 million years of evolution. Among the five studied Kek proteins a total of seventy-

four Kek family orthologs in sixteen species were identified in the NCBI database (Appendix A).

Table 1. Summary of Kek orthologs.

The presence of orthologs for each Kek in the species = Spees Kekl | Koz | Kol | Kol | Keko
Drosophila melanggaster + + + + +
examined is summarized in Table 1. Kek1 was found in all Shnphls o E I e B B
Plutella xylostella + + - + +
sixteen species with a duplication in Diaphorina citri and Trbal e e e e e
Leptinotarsa decetlineata + + - + +
Acyrthosiphon pisum. Kek2 was found in every species with = s
. . . . . . Habropoda laboriosa + + B + +
a duplication in Acromyrmex echinatior and Acyrthosiphon = — T
. . . Nasonia vitripennis + + - s e
pisum. Kek3 was found in only half the species. Kek5 was T |
1 : . . Diaphorina citri +2) 75 = T T
found in every species except Agyrthosiphon pisum. One  ——mr —
: : . . Halyomorpha halys + + + + +
Keko6 protein was found in each species. Daphnia magnahad =~ ————— 1
1 : . . Pediculus humanus corporis + + + + +
a single protein that appeared to have characteristics of : "
Daphnia magna + + + +

both Kek5 and Kek®6.
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Identification of Kek1 orthologs

At least one Kek1 ortholog was identified in all species of interest (Table 2). Every species has one

Kek1 ortholog except Dazphornia citri (Asian citrus psyllid) and Aeyrthosiphon pisum (Pea aphid) which

both have two Kek1 orthologs.

Table 2. Identified Kek1 orthologs

ORF
Gene Species name Order  |Subphylum Common length Accession # Taxid
name o)
DmK1 Drosophila melanogaster Diptera Hexapoda  |Fruit fly 880 AAC47404.1 7227
CG12283
AgK1 \Anapheles gambiae Diptera Hexapoda [Mosquito 769 None — genome {7165
assembly blastX
PxK1 Plutella xylostella Lepidoptera |[Hexapoda |[Diamondback moth| 650 XP_011548756.1 {51655
TcKekl  |Tribolium castanenm  |Coleoptera  |Hexapoda  [Flour beetle 605 XP_973226.1 7070
LdecK1  |Leptinotarsa decemlineataColeoptera  |Hexapoda |Colorado potato 670 XP_023018029.1 {7539
beetle
AmK1 \Apis mellifera Hymenoptera [Hexapoda |[Honeybee 630 XP_006563309.1 {7460
HIK1 Habropoda laboriosa ~ [Hymenoptera |Hexapoda  [Southeastern 511 KOC62356.1 597456
blueberty bee
AechinK1 [Acromyrmex echinatior |Hymenoptera |Hexapoda |[New world ants 614 XP_011062139.1 |103372
NvittiK1 | Nasonia vitripennis Hymenoptera [Hexapoda  |[Pteromalid 669 XP_031780070.1 {7425
parasitoid wasps
LhumK1  |Linepithema humile Hymenoptera |[Hexapoda  [Argentine ant 634 XP_012218825.1 [83485
DcK1(a)  |Diaphorina citri Hemiptera  [Uniramia  |Asian citrus psyllid | 600 XP_008471648.2 [121845
DcK1(b)  |Diaphorina citri Hemiptera  |Uniramia  [Asian citrus psyllid | 591 XP_008485548.1 121845
CIK1 Cimex: lectularins Hemiptera  [Hexapoda [Bed Bug 592 XP_014259547.1 {79782
HhK1 Halyomorpha halys Hemiptera  |Hexapoda |[Brown marmorated | 561 XP_014291404.1 |286706
stink bug
ApK1(a) |Agyrthosiphon pisum ~ |Homoptera |Hexapoda  |Pea aphid 669 XP_029344215.1 {7029
ApK1(b) |Agyrthosiphon pisum ~ |Homoptera |[Hexapoda [Pea aphid 748 XP_003245526.1 {7029
PhumpK1 |Pediculus humanus Phthiraptera [Hexapoda [Body louse 752 XP_002427512.1 {121224
corporis
DmagK1  |Daphnia magna Cladocera Crustacea  |Water flea 879 K7515226.1 35525

12




Identification of Kek2 orthologs

Kek2 was found in all species of interest (Table 3). Each species has one Kek2 ortholog except

Acromyrmex echinatior (New world ants) and Aeyrthosiphon pisum (Pea aphid), both of which have two

Kek2 orthologs. Plutella xylostella (Diamondback moth) has two accession numbers because the NCBI

database entries that appeared to be the most likely orthologs were two partial protein sequences; the

two sequences represent partial sequences that overlap to form a full sequence for a single protein.

Table 3. Identified Kek2 orthologs

ORF
Gene Species name Order |Subphylum C(:lr:rrnn:n length Accession # Taxid
(a2)
DmK2 Drosophila melanogaster |Diptera Hexapoda  [Fruit fly 894 NP_523551.1 7227
AgK2 \Anapheles gambiae Diptera Hexapoda [Mosquito 880 CM000359.1 7165
PxK2 Plutella xylostella Lepidoptera  [Hexpoda — |Diamondback moth| 708 XP_011553857.1 {51655
492 XP_011564835.1
TcKeK2a  |Tribolinm castanenm Coleoptera  |Hexapoda  [Flour beetle 592 XP_015835039.1 {7070
TcKeK2b  [Tribolium castanenm  |Coleoptera  |Hexapoda  [Flour beetle 667 EFA02723.2 7070
AmK2 \Apis mellifera Hymenoptera |Hexapoda [Honeybee 725 XP_026299571.1 (7460
HIK2 \Habropoda laboriosa ~ |Hymenoptera|Hexapoda  [Southeastern 725 XP_017794268.1 |597456
blueberry bee
AechinK2a [Acromyrmex echinatior  |Hymenoptera|Hexapodas [New world ants 693 EGI60801.1 103372
AechinK2b Acromyrmex echinatior  |Hymenoptera|Hexapodas [New world ants 765 XP_011061966.1 {103372
NvitriK2 \Nasonia vitripennis Hymenoptera|Hexapoda  [Pteromalid 739 XP_031777401 [7425
parasitoid wasps
LhumK2  |Linepithema humile Hymenoptera [Hexapoda  [Argentine ant 762 XP_012226521 (83485
DcK2 Diaphorina citri Hemiptera  |Uniramia  |Asian citrus psyllid | 767 XP_008477578.1 (121845
CIK2 Cimex: lectularins Hemiptera  [Hexapoda [Bed Bug 695 XP_014259906.1 {79782
HhK2 Halyomorpha halys Hemiptera  |Hexapoda [Brown marmorated | 672 XP_024214678 286706
stink bug
ApK2(a)  |Agrthosiphon pisum  [Homoptera |[Hexapoda  [Pea aphid 802 XP_029343355.1 {7029
ApK2(b)  |Agrthosiphon pisum - [Homoptera |[Hexapoda  [Pea aphid 671 XP_008181523.1 {7029
PhumpK2  |Pediculus humanus Phthiraptera [Hexapoda [Body louse 752 XP_002427512.1 121224
corporis
DmagK2  |Daphnia magna Cladocera  |Crustacea  [Water flea 832 K7515230.1 35525
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Identification of Kek3 orthologs

With the exception of Kek4, Kek3 appears to be the least well conserved member of the Kek family.

In contrast to Keks1, 2, 5 and 6, only eight of the sixteen species appear to have a Kek3 protein

ortholog (Table 4). For organisms without an accession number, I was unable to identify a Kek3

ortholog based on NCBI blast searches. Interestingly, while Kek3 is found in Drosophila melanogaster,

orthologs appear absent in numerous hexapoda, but an ortholog can be identified in the extremely

divergent crustacean, Daphnia magna, representing conservation over an evolutionary distance of ~ 524

million years (Kumar et al, 2017).

Table 4. Identified Kek3 orthologs

ORF
Gene Species name Order  |Subphylum C:;flleon length Accession # Taxid
(a2)
DmK3 Drosophila melanogaster |Diptera Hexapoda  |Fruit fly 1021 INP_001162986.1 {7227
\Anopheles gambiae Diptera Hexapoda  [Mosquito 7165
\Plutella scylostella Lepidoptera [Hexpoda  |Diamondback moth 51655
TcKeK3  (T7bolinm castanenm  |Coleoptera  [Hexapoda  |Flour beetle 814 XP_008192538.117070
\Apis mellifera Hymenoptera [Hexapoda [Honeybee 7460
Habropoda laboriosa Hymenoptera [Hexapoda  [Southeastern 597456
blueberry bee
\Acromyrmex echinatior  |Hymenoptera [Hexapodas |[New world ants 103372
\Nasonia vitripennis Hymenoptera [Hexapoda  [Pteromalid 7425
parasitoid wasp
\Linepithema humile Hymenoptera [Hexapoda  |Argentine ant 83485
DcK3 Diaphorina citri Hemiptera  {Uniramia  |Asian citrus psyllid | 610 XP_026683561.1 (121845
CIK3 Cimex lectularins Hemiptera  [Hexapoda |Bed Bug 703 IXP_014250349.1 (79782
HhK3 Halyomorpha halys Hemiptera  [Hexapoda [Brown marmorated | 670 XP_024218178.1 [286706
stink bug
ApK3 \Acyrthosiphon pisume  |Homoptera |[Hexapoda  [Pea aphid 904 XP_008183139.1 {7029
PhumpK3  |Pediculus humanus Phthiraptera [Hexapoda [Body louse 456 XP_002431502.1 {121224
corporis
DmagK3  |Daphnia magna Cladocera  [Crustacea  [Water flea 833 K7S21093.1 35525
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Identification of Kek5 orthologs

Each species of interest has one Kek5 ortholog, except Diaphorina citri (Asian citrus psyllid) which does

not appear to have a Kek5 ortholog at all (Table 5). Daphnia magna (Water flea) is unique amongst the

Kek5 orthologs because a clear ortholog could not be identified. When the reciprocal blast in Flybase

was performed using the putative Kek5 sequence both Kek5 and Kek6 matched equally well. Upon

further examination, it appears that Daphnia magna has a single Kek ortholog that has characteristics

of both Kek5 and Kek6 and represents both Kek5 and Keko.

Table 5. Identified Kek5 orthologs

ORF
Gene Species name Order  [Subphylum C(::nrion length Accession # Taxid
(aa)
DmK5 Drosophila melanogaster Diptera Hexapoda  [Fruit fly 931 INP_001245746.1 (7227
AgK5 \Anagpheles gambiae Diptera Hexapoda |Mosquito 901 XP_312632.5 7165
PxK5 Plutella xylostella Lepidoptera [Hexpoda  [Diamondback moth| 783 XP_011554456.1 51655
TcKeK5 Tribolinm castanenm ~ |Coleoptera  [Hexapoda  [Flout beetle 738 XP_015834875.1 {7070
AmKS5 \Apis mellifera Hymenoptera[Hexapoda [Honeybee 766 XP_026297157.1 (7460
HIK5 Habropoda laboriesa  |HymenopteraHexapoda  [Southeastern 760 XP_017789119.1 1597456
blueberry bee
AechinK5a [ Acromyrmex echinatior |Hymenoptera|Hexapodas |[New world ants 739 EGI59898.1 103372
AechinK5b |Acromyrmex echinatior  HymenopteraHexapodas [New world ants 776 XP_011063371.1 {103372
NvittiK5  |Nasonia vitripennis Hymenoptera[Hexapoda  [Pteromalid 802 XP_031781470.1 (7425
parasitoid wasps
LhumK5  (Linepithema humile Hymenoptera[Hexapoda  |Argentine ant 783 XP_012216137.1 (83485
Diaphorina citri Hemiptera  [Uniramia  [Asian citrus psyllid
CIK5 Cimex: lectularins Hemiptera  [Hexapoda [Bed Bug 736 XP_014260449.1 {79782
HhK5 Halyomorpha halys Hemiptera  |Hexapoda |Brown marmorated | 730 XP_024214681.1 286706
stink bug
ApKS5 \Acyrthosiphon pisum ~ [Homoptera [Hexapoda  [Pea aphid 799 XP_001946145.1 {7029
PhumpK5  |Pediculus humanus Phthiraptera |[Hexapoda [Body louse 475 XP_002426780.1 {121224
corporis
DmagK5/6 |Daphnia magna Cladocera  |Crustacea  Water flea 955 KZS18598.1 35525
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Identification of KekG orthologs

Each of the sixteen species of interest had one Kek6 ortholog, (Table 6) with the exception of the

crustacean Daphnia magna as described above.

Table 6. Identified Kek6 orthologs

ORF
Gene Species name Order |Subphylum| Common name | length Accession # Taxid
(aa)

DmKG6 Drosophila melanogaster |Diptera Hexapoda  [Fruit fly 836 INP_651880.1 7227

AgKo6 \Angpheles gambiae Diptera Hexapoda [Mosquito 805 XP_310646.5 7165

PxKo6 Plutella >ylostella Lepidoptera |Hexpoda  [Diamondback 585 XP_011558577 |51655
moth

TcKeK6 Tribolium castaneum Coleoptera  [Hexapoda  [Flour beetle 561 XP_974068.1 7070

AmKGo6 \Apis mellifera Hymenoptera|Hexapoda | Honeybee 660 XP_006559862 (7460

HIK6 Habropoda laboriosa HymenopteralHexapoda  [Southeastern 662 XP_017790179.1 597456
blueberry bee

AechinKG6 | Acromyrmex: echinatior |HymenopteralHexapodas | New wotld ants 680 XP_011064989 (103372

NvittiK6  |Nasonia vitripennis Hymenoptera|Hexapoda  |Pteromalid 669 XP_001606266 7425
parasitoid wasps

LhumK6  (Linepithema humile Hymenoptera|Hexapoda |Argentine ant 676 XP_012216988 (83485

DcKo6 Diaphorina citri Hemiptera [Uniramia  |Asian citrus 610 XP_008472857.1 |121845
psyllid

CIK6 Cimex lectularius Hemiptera  [Hexapoda (Bed Bug 616 XP_024085325 79782

HhK6 Halyomorpha halys Hemiptera |Hexapoda |[Brown marmorated| 611 XP_014272847 (286706
stink bug

ApK6 \Acyrthosiphon pisum ~ [Homoptera |Hexapoda |Pea aphid 624 XP_003246846 (7029

PhumpKO6  |Pediculus humanus Phthiraptera |Hexapoda [Body louse 648 XP_002425241 (121224

corporis
DmagK5/6 |Daphnia magna Cladocera  [Crustacea  [Water flea 955 K7S18598 35525
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Identification of SLiMs conserved in individual Kek family members

Having identified a broad set of Kek family member orthologs in an evolutionary diverse set of
organisms, I embarked on a set of analyses to uncover conserved, and likely functional, intracellular
sequence elements. A short intracellular motif (SLiM) is a linear group of 3-10 residues that facilitate
protein interactions. In order to identify putative SLiMs, the intracellular regions of individual Kek
orthologs were aligned using Clustal Omega and areas of 100% conservation in the alignments were

identified using BoxShade. BoxShade outputs for each Kek can be found in Appendix B.

Among the five Kek proteins studied twenty-four SLiMs were identified. Of the twenty-four
identified SLiMs, twelve were found in only a single Kek family member. Any SLiMs identified in
each member of the Kek family were then compared to other family members. A fingerprint motif is
a submotif within a particular SLiM that is conserved across multiple members of the Kek family.
SLiMs with the same fingerprint motif share a common label in Table 7 . SLiMs that appear in more
than one Kek do not have identical sequences, but rather share a fingerprint motif and have some

conserved residues that are unique to a single member of the Kek family.

Table 7. Presence of identified SLiMs in Kek proteins

Protein | CO1 | CO2 | CO3 | co4 | cos | co6 | co7 | cos | co9 | coto | cot | corz | co13 | cous | cots | cote

Kekl aF - aF - - B - - - - = aF - aF aF aF
Kek2 aF =F aF - - - = - - - = - - = -
Kek3 * * * -
Kekb + + + + + + -
Kek6 + + + + + + -

Dmags/6 | * + + + + + +

The majority of SLiMs were unique to a specific member of the Kek family, with only four CO1,
CO3, COO6, and CO12 being conserved in more than one family member. Dmag5/6 was
differentiated from Kek5 and Kek6 because it appears to have characteristics of both Kek5 and Keko6;
this was supported by the presence of SLiMs that appeared in both Kek5 and Kek6. Figure 6 provides
a graphical representation of SLiMs identified in only one member of the Kek family. WeblLogos for
all identified SLiMs can be found in Appendix C.
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Figure 6. Unique SLiMs. The above WebLogoé ;éﬁresent SLiMs found in only one Kek family member.

Letter height represents residue frequency at that position, while the letter color represents residue chemical

properties.
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After all SLiMs, had been identified within a specific family member and its orthologs, the presence
of these were then screened in all Kek family members. This allowed for the discovery of SLiMs in
more than one Kek family member. Comparing SLiM sequences across the Kek family led to the
identification of fingerprint motifs, submotifs within SLiMs that are conserved across members of the

Kek family and across species.

The most well conserved SLiM was CO1, as shown in Table 7 and Figure 7; it appears in every member
of the Drosgphila melanogaster Kek family. In aligning CO1 across all Keks and orthologs, it became
apparent that a PDL submotif is highly conserved across species and Kek family members. Thus, the
PDL sequence represents a more highly conserved element, or fingerprint, within the CO1 motif.
While all family members with the CO1 motif share this fingerprint, there are amino acid residues
within the CO1 SLiM that are unique to specific family members. For example, the sequence of the
CO1 SLiM in Kek1 is NPDL, while the same SLiM in Kek5 is PPDL.

PDL.-

ey L Lo iy o]

Figure 7. CO1 is a universal SLiM. CO1 was the only SLiM found in all five Keks. This image
represents the frequency of the residues in all five Kek proteins. The most conserved residues, the
SLiM fingerprint, was identified as PDL.

Three additional SLiMs were found to be conserved across family members. Again, each SLiM had a
distinct fingerprint motif present. WeblLogos for all three motifs are in Figure 8. CO3 was found in
Kek1, Kek2, and Kek5 and the fingerprint motif was identified as SPDEGY. COG6 was found in Kek5
and Kek6 with TLPRR as a fingerprint motif. Finally, CO12 was found in Kekl and Kek5 with a
fingerprint motif of KPPR.
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Figure 8. Common SLiMs. The above WebLogos represent residue frequency of SLiMs
found in more than 1 Kek protein. SLiM CO3 was found in Kek 1, Kek 2 and Kek 5.
SLiM COG6 was found in Kek 5 and Kek 6. SLiM CO12 was found in Kek 1 and Kek 5.

The identification of SLiMs revealed that not only is the SLiM conserved over time, but its relative
position and order in the protein sequence is also conserved. For example, CO3 is consistently found
just before the C-terminus, and CO12 maintains its position before CO1 in both Kekl and Kek5.
This is demarcated in the FASTA sequence documents in Appendix A; each SLiM is highlighted in a
corresponding color, and it is evident that they are in the same relative position and order within the
protein sequence. This positional conservation is more readily apparent in Figure 9, which is a graphic

summary of all the SLiMs present in each Kek and the relative location of the SLiM
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Figure 9. Summary of Kek protein structure with SLiM sequences and locations.

The above figure shows the sequence and location of each SLiM in each Kek. Uppercase
letters represent highly conserved residues, lowercase letters less well conserved residues, and
x residues with minimal or no conservation. SLiMs in grey boxes are found in only one
member of the Kek family. SLiMs in colored boxes are found in more than one family
member: blue boxes represent CO12, purple CO1, red CO3, and orange CO6. The PDZ
domain binding sites, previously identified in Keks, are in the yellow boxes.
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DISCUSSION

This project aimed to identify Kek orthologs in evolutionarily distant arthropods and to identify
conserved short linear motifs, SLiMs, using a phylogenetic approach. Kek orthologs were identified
in sixteen arthropods and then the intracellular domains were compared to identify highly conserved
residues. The most highly conserved motifs were considered to be SLiMs. Finally, the SLiMs
identified in individual Kek proteins were compared to the SLiMs identified in other members of the
Kek family in an effort to identify submotifs, or fingerprint motifs, that were conserved across family
members. The SLiMs identified in this project likely represent key motifs that play a role in Kek

protein function.

Identification of Kek orthologs

Generally speaking, the Kek family is very well conserved within arthropods. Every arthropod studied
had at least Kek1, Kek2 and Keko6 orthologs. A Kek5 ortholog was found in every arthropod studied
except Aeyrthosiphon pisum. Kek3 was the least well conserved member of the Kek family, only eight
of the sixteen studied arthropods had a Kek3 ortholog. While one would expect Kek3 is present in
more closely related organisms, in actuality Kek3 was present in Drosophila melanogaster, appears to have
been lost in some closely related species, but retained in Diaphorina citri — which is more evolutionarily
distant, 358mya (Kumar et al, 2017). This suggests that Kek3’s absence in the eight more closely

related species is indicative of a less vital role for those species, hence its loss.

All five members of the Kek family were conserved over approximately 524 million years of evolution.
For reference the evolutionary distance between Homo sapiens and Pan troglodytes (chimpanzee) is 6.4
million years (Kumar et al, 2017). The conservation of Kek family molecules in species across such a
long span of time suggests that Kek proteins play a critical role that is essential for survival in those

species.

Ldentification of SLiMs conserved in individual Kek family members

When the intracellular domains of the Kek orthologs were compared, highly conserved motifs were
considered to be putative SLiMs. These motifs have been conserved over approximately 524 million
years of evolution, suggesting evolutionary selection to conserve these motifs thus maintaining protein

functionality.
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While the Kek proteins are members of the same family, it is likely each member of the Kek has a
unique and specific function. This is supported by the presence of more than one member of the Kek
family in the species studied. Unique SLiMs identified in individual members of the Kek family
provide further support this model with those SLiMs likely mediating the specific function of that

member of the Kek family.

Ldentification of SLiMs conserved across Kek family menbers

While most of the SLiMs identified in this project were unique to a single member of the Kek family,
four SLiMs were identified in more than one member of the Kek family. CO1 is arguably the most
interesting SLiM discovered during this project, because it is so well conserved within arthropods and
within the Kek family. The CO1 motif was found in every member of the Kek family with the PDL
fingerprint motif and additional conserved residues that were unique to individual members of the
Kek family. Because SLiMs have high specificity, it is unlikely that the CO1 SLiM serves a different
function in each Kek; rather, the PDL motif likely has a similar function in each Kek, like a common

binding partner, and the specific functions mediated by the unique conserved residues or other SLiMs.

The three other SLiMs conserved across specific Kek family members, CO3, CO6, CO12, also had
identifiable fingerprint motifs SPDEGY, TLPRR, and KPPR, respectively. Like the PDL motif in
CO1, SLiMs with the same fingerprint motif likely have similar functions with specificity determined
by unique conserved residue or other SLiMs. SLiMs present in more than one member of the Kek
family, but not all the members, are of interest because it supports the notion that members of the

Kek family may have overlapping, in addition to unique, functions.

Kek Family Evolution

The high specificity of SLiM interactions lends itself to both convergent and divergent evolution of
SLiMs (Davey et al, 2012). Given the high conservation of the extracellular domain and the relative
rarity of coexisting LRR domains and Ig domains, it is almost certain that the Kek family represents a
group of proteins that diverged from a common ancestor, rather than a group of proteins that

experienced convergent evolution due to a common binding partner.

Prior research into the evolution of Kek proteins suggest that Kek1, 2, and 3 form an intrafamilial

clade, and Kek 4, 5, and 6 form another intrafamilial clade (Evans, 2006). The close relationship
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between Kek5 and Keko6 is supported by the presence of the CO6 SLiM in both Kek5 and Kek6 and
its absence from other members of the Kek family. This is further supported by the presence of a
Kek5/6 protein in Daphnia magna. Kek5/6 protein in Daphnia magna is of particular interest, because
it contains SLiMs that are unique to Kek5 and Kek6 in other organisms, suggesting that this single
protein maybe able to perform the functions of both Kek5 and Kek6. Based on the presence of
SLiMs alone, Kek5 may be more closely related to Kek1 than initially thought. The CO12 SLiM
appears only in Kek1 and Kek5, and the CO3 SLiM appears in Kek1, Kek2, and Kek5. These common
SLiMs between Kek1 and Kek5, suggest that perhaps the functions of Kek1 and Kek5 overlap more

than initially thought.

This study has shown that Kek 1, 2, 3, 5, and 6 are well conserved within arthropods through
identification of Kek orthologs in sixteen different arthropods that represent over .5 billion years of
evolution. Additionally, this project has identified well conserved motifs, SLiMs, that represent key
targets for revealing insights on Kek family mechanisms and functions. Future studies could examine
the impact of SLiM deletions to determine which of these SLiMs are, in fact, functional and expand

understanding of Kek protein mechanisms.
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APPENDIX A: Ortholog Sequences

APPENDIX A: Demarcated ortholog FASTA sequences

Key

col Cco2 Cco3 CO4a CO4b
CO5 CO6 Cco7 cos8

CO9 CO10 co11 CO12

Cco13 Co14 Cco15 Ccol6

RED=Signal sequence
BLUE=Transmembrane domain
UNDERLINE=Continuation of overlapping SLiM

Kek1 ortholog FASTA sequences

Drosophila melanogaster (Fruit fly)

>DmK1=CG12283
MHIREAVFLVLTLLPGMILGTRYNQLHLYANGGASSSGPGGYRPAPSSQONEVYSIADSQPMTEDGYMPPS
QHFPPTHSDLDPPAQQOQOSTCQTVCACKWKGGKQTVECIDRHLIQIPEHIDPNTQVLDMSGNKLQTLSNEQ
FIRANLLNLOQKLYLRNCKIGEIERETFKGLTNLVELDLSHNLLVIVPSLALGHIPSLRELTLASNHIHKI
ESQAFGNTPSLHKLDLSHCDIQTISAQAFGGLOQGLTLLRLNGNKLSELLPKTIETLSRLHGIELHDNPWL
CDCRLRDTKLWLMKRNIPYPVAPVCSGGPERIIDRSFADLHVDEFACRPEMLPISHYVEAAMGENASITC
RARAVPAANINWYWNGRLLANNSAFTAYQRIHMLEQVEGGFEKRSKLVLTNAQETDSSEFYCVAENRAGM
AEANFTLHVSMRAAGMASLGSGQIVGLSAALVALIVFALGVIMCLLLRVKRQPYVDSKTPNHMEVITSVN
HONSITNKTQPATGNGSIGGVVIANGAVANIIDGGVVQGGTLERKSSGRGGVPHGVHDQRSANPVOKPPR
LTDLPYSTQGYDNNGSVLSTASCFISPSGSTGNGGNNPDLINDTKREFGSDEFADLKIPPISGVGVGGSGE
YSRANGCDSLYPSGLWEHGAPVGTTSADDLEFMKRYTDKTPIIDSTOQLYDLHERTAATDYFSKTEFPRSHLOQ
QGMMTGGGGGTSTASTVTTNLSGGSSSGYPNDYGLPLVPGAEHQHNHQLOMHPLOQLOQQLTSTLNHQKQO
EGSSTGSSPHFSSRTLPRLHEGSGGGGSSRSSPTPAISGGHANQAANPSTSSSSCSILPNGQPINAKTIR
VWOKGGVPVLPPVTALKRALISSSRNSPDEGYQEGCGTDV

Anopheles gambiae (Mosquito)

>AgK1l
MPVLLSLLLVLLLPALVSRGQVSGEPNCPSACQCKWKGGKQAVECLSGNLEFTIPENIDHSTQVLDVSGNN
LOITSNETFVRSNLLNLOQKLYMRDCRIGQIDDGAFAGLTNLVELDLSINLLTAVPSAAFQHIVSLRDLTL
ARNHIQKIESHAFRNVTALTKLDLSEFCSIQTIAPQAFEGLGSLHSLKLNGNQLSELRPKTIETLSRLHGI
ELHGNPWVCDCRLRAAKLWLTEHNIPYPIAPTCAGGPERVMDKTFGELQVDDFACKPEMLPVRRFIQSYS
GENATIECRSSAVPSATVNWYWNGKLLVNNSHESAYQRVLVHEQGNFEKRSRLTLTNAQETDSSEFYCVV
ENRAGTAEANFTLHVAMRDVGEVIENRQVIGLSAALVILILFILLITILFLLVRLRRIPMTETKTPNQVEV
ITSVSPSSNVNGKVATPINDCHSPDRAKAAGDLKCGPNPAANPLOKPPRLTDLPYSTSHYDGGGSLIASG
QCEFVSPTHSLAGNNPDLINDTKRLGSGTDLTAATAAPGPAVPGGGVADPLAHLGQLOLOATSALSTALSL
MDPVERPGSGEYSRAGCDSLYPSGLWETHSSNLAATGLDHGGSHGPGPYSDKLPILGGGGSGAGPAMLNL
DDETSSVDYLSRTFPRTHLTGGLSLSTTASSGGSYGHGVAAAAAAATGGTTTTGSGGGYPADYGLPIVPG
AEQLHNKLASGQPAHHGSTGSMPMNAKTLRVWOKGGVPVLPPVTALKRALSNSRNSPDEGYQEGCGTDV
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Plutella xylostella (Diamondback moth)

>PxK1
MKMRCLLVIMSVVVWNTTSAGIAPPGSCPAVCACKWKGGKQTVECVERALITVPELVDPATQVLDLSGNN
LOILPQEAFARTGLVNLQRVYLRSCNIGQINERAFKGLTNLVELDLSNNLLTQIPAHSFKDAPFLRDLSL
AHNPVLKVHPDALSNLGSVVKLDLSSCDIRDIAPEAFRNMRSLESLKLNGNNLRDLPISSLEKVEKLRAT
DLSDNPWTCDCRLREMKMWLAKRKLLATPSCSAPGRLAGRPFSELAIEEFACKPEILPVSRHVEAAVGEN
ATITCRTEAVPSANINWYENGRLLMNGSNLNSHOKIFIFESGENKKKSSLVLTNTQQSDSAEFYCVAENK
GGNSEANFTLHVTMLAAGMASLGSAQIASLGAALFLVAVIVSLAVLIMEVRFRNAPICESKTPSTLDRVV
SGNEVHPASVDKPCVAALGSRDELPGVSDPKCNPVOQKPPRIGDIPYTTNHYEGRGSVVTAGGPLMVSPTM
SVANDPDLINDTRPESAGRPGSGEYAREASDSLYPSGLWDOMKRDOQATSLARAVSSALPAYYTDRTPIME
SSSVEGSQEELGYMSRTFPRAHAAAAGGGAGSGDAPYPADYGLPVGGARTLRVWOXXXXXLPPVSALKRV
LATSRHSPDEGYQEGCATDV

Tribolium castaneum (Flour beetle)

>TcKekl
MVLVVGLVTLLVLTPCLGGNCPSPCTCKWKGGKQTVECTERGLITIPESVDPETQVLDLSGNNLQILPRE
TEFVRSGLLNLORVFLRRCRIGQIDDLAFRGLTNLIELDLSHNLLTAVPSGTFRDVPFLRDLVLAYNPIQK
IDSQAFKTIPGLIKLDLSNCEIQVIASKAFEGIEMLESLKLNGNRLSELRLRTVETLNRLHGIEMHDNPW
HCDCRLRAVKEWLVNNNIPYPISPICSGGPERLIDKTFTELHIDDFACKPEILPVNRYIEATSGSNATIL
CRANAIPVANINWYWNGRPLLNNSAFSSHQRIHVFEEGKQEKRSVLVLTNVQEINSSEFYCVAENRAGNA
EANFTLHVSMRAAGITTLGSGQIAGLSVALITILITFILLVIFVLLVRLRRIPFSESKTSGQIEVVTVVNG
TSKVEEPSHEHTKPTELNFCNPVOKPPRLSDSTIPASCEFVSPSSASGNNPDLINDTKPSEDPEGLERPAS
GEYSRNADSLYPSGLWETDYSRQVNFYDDKTPIMDGMSGGGSLEELAFRAQGYPADYGLPIADKQQTLPT
NAKTLRVWOKGGVPVLPPVTALKRALTHSRNSPDEGYQEGCGTDV

Leptinotarsa decemlineata

>LdecKl1l
MDGLVCWLLSLVTLISVQATNSMGGICPSPCMCKWKGGKQTVECMERGLITIPENIDTETQVLDLSANNL
QILPRETFIRSGLVNLQRVYLRSCRIGQIDSLAFRGLTNLIELDLSONLLTAIPSETFKDIPFLRDLIMS
NNPIQKVESRAFQAIHGLVKLDLSNCEIQONVAPKAFEDIEMLESLKLNGNRLSELRLRTVETLSRLHGVE
LHDNPWHCDCRLRSVKEWLVKNNIPYPEDPVCSGGPERVIHKTFSELHVDDFACKPEILPVSRYIEAKSG
ENASIICRANAVPAAQVKWYWNGROQLINNSVFSPNOMIHVHEEGKQEKRSNLILTNVQEVDSSEFYCVAE
NRAGSSEANFTLRVSLKPMGITSLGNGQIAGLSAALVFLILFILIVISILLTRLRRMPFAESKTPGQLEV
VTVINGGTLSNGKSASSOMSSPVEPPAFTENKSPSELNFCNPVOKPPRLNDIPYSTAHYNGNGSIMSSSC
FVSPSHSGNNPDLINDAKVSEIEETIPDPNSSEVIFDKSVSGEYSRNTDSLYPSGLWENDKVHIIRNNAG
FHYNDKTPIIGDGTSTGGSAEELNFRLAQGTNRGATYPKDYGLPMTETKLENQILTSATQVSLPANAKTL
RVWQKGAVPVLPPVTALKRVMNHNRNSPDEGYQEGCGTDV

Apis mellifera (Honeybee)

>AmKek1
MKILIFFLYVTTLLGIVTSDKCAVECSCKWKSGKRTVECVNRALTSIPEWVDPETQVLDTSGNDIRTLPS
NIFVRVRLTNLQRLYLRECRIDRIDSEALAGLTNLVELDLSHNLLTVVPTASFLDTPFLRDLVLSYNPLK
RVHSHAFKSTPNLVKLDLSHTQLVEIEAKGFRGLDLLESLKLNNNQLSTLHPGTFEPLNKLTSIELHDNP
WICDCHLREMKMWLVKHNLPTLQAPLCRGPRQLMNRTFTDLGIDDFACRPILLIASRYAEATIGENASIV
CRVSAIPPAKVKWYWNGRLLTNHSAFSSYQKILIFEDGQFRKRSTLVLTNAQEADSSEFYCVAENRAGTV
EANFTLHVSLRTAGMSTLGSGHIAGISAALVVLILFILLVILVLEVRFRRMPVKDVKSAVPAEGVSGDSA
GGNNENNPSSATSTTRRKHEEIETTSFGVESKPPPVSLTLSYVQORPOAALLOTENEYGASIGREDDHSQQ
PSVMVAPGACFSSTTSLMPIDNPDLIRDTRRGSAEDITPYGGADYSRMEVVDDAKILYSSCMWEARDTCR
TTVPVSTYPSKETLAVVAPMVEQFPPGAKQIRVWOQKGVPVLPPVSALKRVLGSTRSSPDEGYQEGTGTDV
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Habropoda laboriosa (Southeastern blueberry bee)

>H1K1
MVPSSSFLETPFLRDLVLSNNPLKRIHSNAFKSTPNLVKLDLSHTQLIEIEVKGFRALELLESLKLNNNQ
LSTLHPGTFEPLNKLTSIELHDNPWSCDCHLREMKMWLVKHNLPTLQAPLCYGPKQLLNRTFTDLGIDDF
ACRPILLIPSRYAEATIGENASIVCRVSAIPPAKVKWYWNGRLLTNHSAFSSYQKILIFEEGQFRKRSTL
VLTNAQEADSSEFYCVAENRAGSVEANFTLHVSLRTAGMSTLGSGQIAGISAALVVLILLILLIILVLET
RLRRMPLKDVKSAVPAEGVSADSTGANNENPPSATSTTRRKHEEIETTSFGVESKPPVSLNLSYVQRPQT
AGLQSENEYGSISRFDDQONQQPSVMVAPGACFSSTTSLMPIDNPDLIRDTRRGSAEDITPYGGADY SRME
GVDDTKILYSSCMWEGRDTCRTTVPVSTYPSKEALAVVAPMVEQFPPGAKQIRVWQKGVPVLPPVSALKR
VLGSTRSSPDEGYQEGTGTDV

Acromyrmex echinatior (New world ant)

>AechinKl1l
MGVSVFLLYAVTSGTRDLTSIPEWIDPETQVLDMSGNNICHLPNNIFIHVRLTNLORLYLRECRIDRIDS
EALAGLTNLVELDLSNNMLAAVPSLSFTDTPFLRDLVLAYNPLKRIRSHAFKSTPNLVKLDLSHTQLVEI
EAKGFRGLEMLESLKLSNNELSTLHQGTFEPLNKLTSIELHENPWICDCHLREMKMWLVKHNLPTIVAPV
CHGPQQLLDRAFTDLGIDDFACRPILLIASRYAEATIGENASIVCHVRAVPAADVKWYWNGRLLTNHSAF
SSYQKILIFEEGQFRKRSTLILTNAQEADSSEFYCVAENPAGSVEANFTLHVSLRTAGMSTLGSGQIAGI
SAALVVLILFILLIILVLEFIRLRRMPLKDMKSSAPMEAASSDGVGNGGSGGGGGGGGGDNNPSSATSTTR
RKHEEIETTSFALESKPPASLHLSYVQRPHAAVMODNEYSTISREFDDONQPAMAAMPGAGCFEFSSTTSLMP
IDNPDLIRDTRRGSTEDITPYGVTDYGRVEALDDAGKMLYTSCLWEARDSCGRTSAVSANVYPSKEQLAV
VAPVVEQFPPGAKOMRVWQKGVPVLPPVSALKRVLGSTRSSPDEGYQEGTGTDV

Nasonia vitripennis (Pteromalid parasitoid wasps)

>NvitriKl
MSATCRRLLLVCALMLLVCCRTMADKCTNVCVCKWKSGKQTVECRNRGLNGVPDGIDPETQVLDASENAT
NELTDGIFIKVRLTNLOQRLYLRSCRIDRIEQNALAGLTNLVELDLSHNRLTSVPSQSFANAPFLRDLVLA
HNPIGKIPPHAFKDAPNLVKLDLSNCDLTDLAAKGFQGLDMLETLKLSHNRISTLLQHTFEPLNKLTSIE
LHENPWTCDCTLREMKSWLVKHNLPTLIAPICQRPEQLANRSFAELTADDFACRPVMAIVSRYAEATIGE
NASIVCTVTAIPPAKIKWIWNGKLYTNHSIVNSYQKILIYEEGKHFQKRSTLVLTNAQETDSSNFEFCVAE
NQAGSVEANFTLHVSLRTAGMSTLGSGQIAGISAALVVLILFILLTIMVLEVRLRRMPOKEVKSPAPGSD
NLPLDGCTSSNQODSGANNPQSATSTVSRRKLEEVETTSEFNESLCAGKPAGGNAMPLNHSYAPRPVAASLL
PTESHDYLINRGYDDGSSSRTLHQSILAAGPACYSSQASLMPVDNPDLIRDTRRGSSDEAATIASYASGEY
SSSRLLDMDEGKLLYSECLSWEATGSRALPSVSANPYKDLHQPHQQAQPQQOOOOQQQOQQODSFPPGAKQI
RVWOKQGVPVLPPVSALKRVLSTRSSPDEGYQEGTGTDV

Linepithema humile (Argentine ant)

>LhumK1
MGVSVELLYAVTVLGVAASGDKCADECSCKWKSGKRTVECVDRGLTSIPEWIDPETQVLDMSGNDIRHLP
SNIFVRVQLTNLQRLYLRECRIDRIDSEALAGLANLVELDLSSNLLSTVPSASFTDTQFLRELVLAYNPL
KOIPSNAFKSTPNLVKLDLSHTQLTEIESKGFRGLELLESLKLNNNRLERLOPGTFEQFKKLTSIELYDN
PWVCDCHLREMKMWLVKHENLPTPVAPRCHGPPQLVDRAFTDLGIDDFACRPVLLIASRYAEATIGENAST
VCRVSATIPPAKIKWYWNSRLLTNHSAFSSYQKILIFEEGOQFRKRSTLILTNAQEADSSEFYCVAENRAGS
VEANFTLHVSLRTAGMSTLGSGQIAGISAALVVLILFILLITILVLEFIRLRRMPLKDVKSSAPLEAVSGEG
AGNGTGGGENNPPSATSTTRRKHEETETTSFALESKPPASLHLSYVQRPOQAAVMQENEYGTISREDDQSQ
SAVAATPGAGCEFSSTTSLMPIDNPDLIRDTRRGSTEDITPYGVADYGRVEAIDDAGKMLYSSCLWEARDT
CGRTSAVTVNAYPSKEQLAAVAPVVEQFPPGAKOMRVWQKGVPVLPPVSALKRVLGSTRSSPDEGYQEGT
GTDV
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Diaphorina citri (Asian citrus psyllid)

>DcK1 (a)
MYLVIVFEVLVVSVSSCPSTCICKWKGGKOQWMECRDKFLITIPEAPESELTQVLDMSGNNLQILPKEAFR
RAGLLNLOQKLFLARCHIGQIDSGALDGLTNLIEIDLSDNLLTSIPSLTFQSVRFLRDLNLARNPISKIEK
GAFQFVPGLVKLDMSESRLEHISPEAFTGAKSLESIKLNGNRLSHFPVRSVEPLLKLMMIELHDNPWVCD
CNMRSIKMWLADKKNVPVQPACTGPERLSGKVEFSDLHADDFACKPEIRMDSRYVEAVSSENATVVCRVDS
IPPAATSWYWNGRLLLNNTAFSSYQRIFVIEQGEYERKSSLVLTNAQESDSGREYCVAENRAGIADANET
LOVTYRGVGLPFLGGGHINGISLALFFLITILILITITIYLLIRMRTITYPNSKNPAQIEVMANGNAHAVVN
KTPSLTPVIETSSFTERKQFPPPSYHSTEMISPNGOQLPNKTLHSVINISNPDLINDTRKPEGLSPEPHND
DVLEFONNYWNONIRQPTNSELGEFDSNDKTPIIDGVSIGGELDDNYPPDYGLPIVGOGONELLPNNIHPNA
KTLRVWQRGVPVLPPVNALKRVLSRGSPDEGYQEGSGTDV

>DcK1 (b)
MCHKFILSVFLLTLLASVTQASCPLGCSCKWKAGKRTVECIDRNFYTIPEGIDLDTQVLDLSSNNINVLQ
KEIFLOMGITNIQKLYLRKCKLEEFVDDRAFRGVTNMDELDLSDNLLSTVPSLIYIPYLKSINLAHNPIHQ
ISSYSFQSTPGIRYIDMSNCQIHTIYSEAFYGIDKIDTLKLNGNKLASLKPRTVDKLPYIRNLDIYDNPW
LCDCKLREVKQFIDKYNIQFSEFDPICISGPKKNIGQTFLELSINDFACVPEVELANNNEPVKEKVMVLPG
SNLTLDCRVQSATPCRIMWSINRKIYDHVNWNSNKINIKEETVLSKDNSYLSVESGGVDLAAASSPGGEN
IYDOKSTLTVEDTELHTDDGNYVCIVENNAGRTEKAIIVEFSDAGFAAGSFOMRSLITALEFIIVLMIAFG
ILVIKLVNKNISNSIVKNSTSSVGSVTKNNSLSDTNYDNNTELPARPPLPKDLDLHNAHVVQCASDLDLV
SAARYNEWQQYSTPEHENRSKSSSGFYDPHDMLPIINLSSQASSSIQDFPPDFGLPVVNDYDKIPSAKTL
RVWORGVPVLPQYTPGKRSIISEFKNNQATDV

Cimex lectularius (Bed bug)

>C1K1
MIIFLFVLVSSFFGASLSGSGNCPPVCVCKWKGGKQTVECTDRALIMIPEGVDSETQVLDMSGNNLQILP
REVFVRTGLLNLQRLYLRNCRLGQIDDQALAGLTNLVELDLTNNLLTTIPSATFKDVPFLRDLVMARNPI
QKIESHAFKTVPGLVKLDLSNCALQMISPKAFEGVELLEALKLNGNQLHEIRPRTVETLSRLHGVELHDN
PWYCDCHLRAAKIWLMDNNIPYPIAPMCKGGPERIVHRTFAELDLDDFACKPEIRLDSRHVEATTGDNAT
IVCRVASVPEATISWYWNGRLLVNNSAFSSYQRVHIIENGTFDKKSTLIVTNAQEADSGDFYCIAENRAG
NAEANYTVHVSYRMAGMASLGSGQIAGLSAALVILILFILLVILVLLVRLRRVPFSESKTPGQLEVVANG
NVTQKATTPVTVETSTFVERKETANPVOKPPRVPESPVDYDGLGGVSNPVQFAAPISNPDLINDTREDGR
PGSGEYSRMNDGLYPASVWEEGYLGRTPSMDACDRTPIVEHVEDYPPDYGLPIPGGAPPPSAKTLRVWQR
GVPVLPPVNALKRVLTRNSPDEGYQEGCGTDV

Halyomorpha halys (Brown marmorated stink bug)

> HhK1
MLWAKHOKMVLITIEVLEFGVAYAWACPESCICKWKGGKQTIECVNKTLITIPSNMDPGTQVLDFAGNNLNK
LPKMRFENMGLINLQKIYLSRCRIKAIDRDAFKGLTNLVELDLSENYITSVPTETFHDFPTLMRLALNGN
PIEVLRSAAFRRLTYLTTLELSNCKIKSIEDGAFEGLSSLEWLKLDNNRIKYIKGSNILPKDLHGIDLHH
NPWOCDCNLIDIRNWLLTYNIPHSIEPTCEFPARLONKEVKTLPLEDLACLPDVTPTTEYLEIAEGKNVS
LOCRVTAIPEARVSWWYQGEVLONDSTVAPGLHLYYFLEEGTTEKRSELFIFNTNVDDNGTEFVCIAENQA
GRSQSNYTIRIVLTKEPVVGLAVIPQAYVVALSAAITVIGLLGVICIVLCEFIQCRROKRRKKKKDRSKVA
GIONQOOMDKIPAPREDTITRVTASVAVPKPNGPVLNQEMMAFATGPGVLVIPNNLSYTSPPVPQTEFQDK
NPDLINDTGSKEWNKESEEGEKIWAGGTLPRRDIFPKHLTADVHLSPGKEIDVDGYPVDYGLPKLPGPEP
VVMPPOAFYRTLPHKSROQGITARFSREAECIHYAPGDVRYTAEGYPSFQDPFISPPVGYRSDAASQWPES
GLDSLRTVSAQTSEVEPIPERQELTESPDEGYVGEGGDSSVN

30



APPENDIX A: Ortholog Sequences

Acyrthosiphon pisum (Pea aphid)

> ApKI1 (a)
MARQWOLWLAAAVLAAAGATSVRADTCPEACQCKWKGGKQSVECRDKSLITVPTGIDAATQVLDVSGNNL
QILPESAFARLGLLNLQRVYMSRCRIGQIDGRALWGLTNAVEIDLSRNMLTAVPTATLADVPLLRDLSLA
GNPIQRVGPEAFRQCTGLVRLDLSGCELHETAASAFVGIDRLETLKLNDNRLTELMAGTVATLHKVHGVE
LHENPWHCDCRMRPVKVWLTDNNVPTAVDPACASGPGRVANRTFSALAADDFACQPDILQODDQTVQAAT
GDNASVSCRVHSSPAAKVSWYWNGRPLANNTAFGPFOQRVFMTDDRTATGGGTGHSSLLLTNVQPSDSGQF
LCVAENRAGRAEANFTLVVTRLGGLAFLANGQVAGLSVFLVFLIVTILLVIVYLLVRIKRLPPSSTRSDG
KPQHLVTTAASATSNGTAAVVVQVKQOPVAGQATSPATTTVVSSMAVAVGGPYGGLDAGEFDQATATEPVVG
GVRRPAKLTELSFATDHYDSGGFGHGGVLDAGRTVLYRSQPSNPDLIVDAPEQHSPQSQPPGAAHSQHHQ
OARRSASGEYRRTADDSLYSPGFWTPSDAAATDRTPITIEKSPPLPAQSVAAVCSARETVMVAAAPDPKAA
SLRVWKHGVQVMPPLSALKRALNKGSPDEGYQEGCGTDV

>ApK1 (b)
MWREFSGGRSARFLAAAALLALVVPSAVRSFEGCPAVCSCKWKGGRRTVECADRALITVPTGVDADTQVLD
LSGNNLQILPNETFYKAGLANLOQKAYLRNCRIGQIDESAFRGLTNLIELDLSNNMLTSVPSYVFRDVPYL
RDLSVAGNPIQKIEAHAFSGCPSVVKVDASNCGLOSVAGLAFSGVVRLETLRINGNRLTELSATVLESLN
KLRSIELHDNPWVCDCHLRPMKLWLAGNNVPYSQPALCSGGPDRLSGKPLTELDVEDFDCRPDVRAESRY
VEVTEGHNVTVRCRVEPGSMAHIAWYLNGRRLOGAGTPAVGYPGAASANPRMEFVVDGVDEEDGGRRSEMT
LTDVRREDAGQYSCLAENRAGNSEANFTVYVTDRPSVIMSTFGSAHVNGVAAAMAALTIVEILVLIALTVM
RIRRSGYPADTKPTEVAGNRSGGVSGKPGTGSMAMHGGGAT LGRGGGGY GNGGMLTGGGKTNPALDISSV
IERNYDPDLEPGLGSVCTPTGSYHVSGLDLIHDHDASRLEMCDS PMSSTAKPPPSYYSGGRTASSGGNVR
PYDDRTPIIGTGSAGDAYSVGTGSDEVFSYNSQQQLHYGGGHYGHOQQQAVGGGSVNSDYPADYGLPI IP
TGHHLNQS STNVSQYGHHPQQHPQQOHHOQQOPSQQHHOQQQPSQOHHOF YNNHLOHOQOQOOQQQQHQPEY
VOOQOODASQQOPSVKTLRVWOQRGVPVLPTTPSLORFANRTSPTTPGTDV

Pediculus humanus corportis (Body louse)

> PhumpK1
MAVISSSEFPNWKTSKFIFIATELCMLMPLOVVSCPSDCACKWKGGKQTVECPDKGLITIPNGIDAGTQVL
EFSGNNLKLLPRERFERMGLLNLQRIYLSRCKILQIDDRAFRGLTNLVELDLSLNFLNTVPTETEVDYPS
LMRLIVSGNPIRALQTASFRPLSFLTSLELSNCQIESIEDGTFLGLDNLEWLKLDGNRLNFIRGENILPD
AVHGVALDRNPWQCDCRLLEVHNWLLNYKIITHSTEPKCAGPERLVGEPIRNLEVGDLACLPDVSPTTLYL
ETAEGKNISLLCRVSAIPEASVSWWEQGRILONDTTLAPGFHFYYFVEEGREEKRSELFIFNTNPDDNGT
FVCAAENPAGKSLSNYTIRIIVKEEPVVGLIVFSREYLTIATIFSVLTVEFCFITILVILAFLLIRCRRORRKK
RKKERSKEMASONQKPLLRNEITTSPTETTGKSNGTVVMSGOSNVSVFIPNIGGSNENESQSTITSGVYIP
ONVEFLTDONPDLINGTESAGNKFQIGESQIDGGONLSLMSSPYADASRY IQTRGNCDLEIKQHYTADIHL
SPGRFFDGDGYPVDYGLPKVPLMVSLPTPDOQINYYRTLPNKRSAKFSAANPHLKFASREAEFLSSSHSN
PYDYNPSNVRYTLEGYPCHQQQQQPQPPPPSNYSPSECEGTFIPSPPAAYKTDGISMIPPCDANNQWQCV
NAQQSRATDINADGIMQQOQOQOQQCSMSSKKTQAVLTESPDEGYVGDTTESGDI

31



APPENDIX A: Ortholog Sequences

Daphnia magna (Water flea)

>DmagnaK1l
MASSTWDVTIGFKRWSAIWVIWTTLVTAGLVAMSAAGGAGACPGVKWKGGKQTVECRQRGLITLPSNIDP
QTQVLDLSGSNLQTLPREAFSRANLLNLOQKIYLASCRIGQVDPTALRGLTNLIELDISDNLLTDVPSQAL
ADAVSLRELRLSSNPIQKIEQGAFDQAPGLVKLDLSDCQIETLAAGAFDGLDQLSHLRLGGNRLEELRPD
VVSSLPRRLHGLELONNPWICDCRLRYLREWLOQHNVPSPATAACALPERLSGRALIELLVDDFACPPQV
IPFPAAPLLAGGGHPHLHVEASAGENATLTCRMSGVPSPEITWLWRGKPMVNGSIPGEQEALPVGGAAEG
TGYPGDESESRTVTILEEGKYEKTSYLILSPARETDSGEEFVCVAANPAGLARVNLTLRVDIQAPVVGGLG
GAQIAGLGAGLFILLAAVVAILLLMLIRTRSSANSSGSSANKLDDIGKQSGORPAMSLGQAHQGIQGSSS
SGPCVAKSPTLSALEYGQIAFVNPHSPNRVVVVTTPAATASGLSDRPDLIHDARNSSDHYGYDLGPPLDY
STLNRRYHTHGQSADRDILAATSAGDYQSAQTDSEFYPSALWDHILNPTSEEETSDGANNNITIDQASSSR
SSSGHMGSPIHLPHVPLTVMDRNGMPQIYVPYTSGQVIQONPRDVLAASYADRDSEAGESAVSVDSYSLPR
RIPQOQOHSKESIGGONEFVPYPPDYGLPRTQSPPTLAKPPTQHLAAAGAATIERQPPAPTTEDPSIQQQQOQ
QQOHNSSSSCYGSKANSSAESSPVATSSNTKGAREFWOORPGINNGKRSHHHFARDSPDEGYQENAPLTFEF
KYSIGLRLIENWLRKKHVPPAPLEHAEDHDIVSIVERKV
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Kek2 ortholog FASTA sequences

Drosophila melanogaster (Fruit fly)

>DmK2= CG4977
MSGLPIWIPLLALLAITAACPPEVCVCKWKGGKQTVECGGQQOLSNLPEGMDPGTQVLNFSGNALQVLQSE
REFLRMDLLNLOKIYLSRNQLTIRIHEKAFRGLTNLVELDLSENALONVPSETFODYSSLMRLSLSGNPIRE
LKTSAFRHLSFLTTLELSNCQVERIENEAFVGMDNLEWLRLDGNRIGFIQGTHILPKSLHGISLHSNRWN
CDCRLLDIHEFWLVNYNTPLAEEPKCMEPARLKGQVIKSLOREQLACLPEVSPQSSYTEVSEGRNMSITCL
VRATIPEPKVLWLENGQVMSNDSLMDNLHMYYYIDETIGVSGAEEKRSEIFIYNVGAEDNGTEFSCVGONIA
GTTEFSNYTLRVIIKEPPVVNEVSEFPRDYMNYIVASSAGGGIIEVVLLCTIVVKCKKTSEPAKQRKKCDQV
TSIAGGTDSSTGSTQDTGMGMMKCASILNDGGDSMNGNPGLLLGDTLTPTKAANGAAGGGI ILGNQMKON
LLLYATPNSAQQQLQLNVNLMGTGPGSPPLLLSNGHGLAAAYCSPPASLRNYQEKNPDLVNDAESVKHKL
KTAVSLDGAGEYETQSDCGQYEGCYQLAAAPHPHQGHQHPHPGHPLMGRFAQAMTTLPRGMQLKPAPHQV
DVHLNPVCFLGQDGSFAYDYSSAHMVQQOPPOOOQOQOOVQPANNEFYRTLPHNRLHKQQQFQAAAAAGGNV
GVGGNPTLRYSLEAEFIQRGPTVSYEKYQLPNVRETAEGYPQOOQOQOQOOOLOQQOQOLOLOOOHQFPSPPE
GYKSDLAVMPAPFQOWPSCLPGYRFAQSPTSLPAVATPPPAAVVATPPPPTSAVSTQSTATSTIPELDES
EASSPRLEEAAGSAAPPAGEEESSDTAKLKQLNGPLADSPDEGYVGDGQETSDI

Anopheles gambiae (Mosquito)

>AgK2
MPYRWDTYALVLLALTVSWSALPPATGCPAEVCVCKWKGGKQTVECGGRFLNRLPDGMDPGTQVLNESGN
SLTILOSERFRKMELINLOKIYLARNQLVKIHDRAFRGLTNLVELDLSDNTLSEVPTETFQDYAALMRLS
LSGNPIRALRASAFKQLSYLTTLELSNCQIELVEDEAFIGMDNLEWLRLDGNRIATIRGAHVLPESLHGT
NLOSNRWHCDCHLTDVYTWLNSEFNVPOQREEIKCSGPARLAGETVKTLTLDDLACLPVVTPETSYRETAEG
RNISLDCRIVATPEPTVAWLFQGOVLLNDSFLSPNLHLYYFVDELDGAKHSELFIYNINADDNGTYSCVA
ENSAGRVOTNYTLHVIVKEEPVVEQVTFSEEYFLATVAASAATAVLLALLCCIVACKCARARRASGSGAK
KSRGAKGATADGLGGVPAGQQKCASITHDLGEPLTAGKLNGALGLGDGSNPQDIVLYLNANPNGLDKAAL
NNMTAMAQFCSPPSARSYQDONPDLINDAESGOHKARPRPDAIDSDLGEKDSDEQSSVQDGGSEVSEFQQQ
QHOOHOOOOOOOOGOGOGPYYPPMVLRGPRFASSALSTLPRGGTAALGGKDLSAYQHQVDIHLSPGCEFLD
ONGYPVDLSLMAAPSGPPVNYYRTLPHKKHQOQOOLOOOQOQPGGPGKPIARYANDAEFINRTQSPAAYQMY
APTDVRYTAEGYPOHEHGQFPSPPDGYKGEVHPVAYMSSAAAASAGFCVGPAPGPPOQOWPTEFLPGFHPQL
IPIMAPAGGALLASPMMPSPSGQQOQOQOQOQQOLLSSPOTQPGSALKKCSVGAQTSELDKDVIPEQREEEEEE
EDEQDGGGGGSTVKLRHLTGPLADSPDEGYVGDSHETSDI

Plutella xylostella (Diamondback moth)

>PxK2
MOVLOKEIFQKLGLEFDLOKIYLPKCRIHKVDNYAFKGLANLVELDLSNNYLTIVPSSNEVYFPSLMRLSL
NNNPITTIKTHCEFQHLTFLNTLELSECKIEQIEVDAFAGLHHLEWLRLNGNRLSNMEGDNIEFPDTLRGID
LENNRWNCDCOMKDLHNWLVKEFNMPHAVEPLCSTPERLRKRKIASVAAADLACAPKMSPTSVYLETNEGN
NVTLECVVKAVPEAETSWWEQGQITHNGSKDDYDLKTSYSLIGTTDKKSELFIFNVNQYDNGTYICIADN
TAGRALANYTLKITIKEEPVIVVVSFPRKHLVIIVTGVFLVIVLVIATVAVVLLKEFKTDTKSRKKKDSGK
DVALRNONNSSRNSDTSTEDTLQRKMNGSLITNAQTHHVVHYTVQESTEDTYRQGSIKNFVDRNPDIIND
AETVTNNALNDNATIMSVYKTONTNPENMEGESAFSLPPMMPRQVTWRDQOPPRGPYHLYQHSADIHLNPG
CFLDNEGYPYDYGLPKMQCRGPPMHSNYAIVTPGYQTLPHKRPNVQKLGCKFAKDTEFNTTPPCLNYVSG
NFRHTLDGYPVVNRPVPFAGNGNMFIAQPGPLPEGYQVEPITLCCGAAQTESCSAAWGAKGTCAVMVPLD
VAEAGAAKCYHVETRCVDTQTGEGRGEARGAEARGGEARGAEGEAPKPALRAGKYELEVCTESPDEGYVG
DAVDSADT
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Tribolium castaneum (Flour beetle)

>TcKeK2 (a)
MWVYWLVLLGMLVERSLSCPVSCSCKWKNGKQTVICSGKSLTDIPDGLDPGTQVLDEFSGNFLSNLRRELFE
SNKOQLINLQRIYLSNCQIKIINEKTFKGLSNLVELDLSRNLLETVPTSSEVDCPSLMRLTLSSNPLTVLK
RLAFNHLSYLSTLELDKCKIVEIEDGAFQGLHSLEWLLLEDNGLRTIRGELPRNLKGVELRGNPWECDCH
IKELHVWLGREFNVPISEEPTCSGPPRLASRVIKSIPVSELACLPDVSPTTFYLELAEGKNVSLQCHVHSTI
PEASVSWWEFRGQILONNTIVSPGIHLIYFVEEGAENKRSELFIYNANSEDNGTEFICNAENAAGTSQSNET
IKITIIKEDPIVIIVEFPFECLLAAATIGAVVLALLIISGITIISILRCKRRKEPLOGKTEEDTNPKPTPDDD
TLYVCEDHPVPNHQSPTLLFQDONPDLINHRWLDSEGYPLDYGLPKLPTNYYRTLPSRPKROSLORPRYS
QEAEFLAYDHYHTDVRYTADGYPLPSNDGAPCCSIQWPVCVPANLHMVNNNPNEMVYEPPSGIIKRCVGA
QTEDEKIDSNEAGNEAMTESPDEGYEGEPAVV

>TcKeK2 (b)
MSWRGALVFLILSLTQCSGCPVEFCSCKWKSGKQTVECINKDLLVIPEGMDSSTQVLQFCGNNLQTLQRDK
FLKMDLINLQRIYLCRCRITSIDDRTFRGLTNLVELDLSGNLLETVPSETFLDCPSLMRLSLNANPIKTL
RRAAFNHLSEFLNTIELSNCEISNVEQGAFQGLYSLEWLHLNGNKMTTLQGATYLPKSLKGVQLQENPWEC
DCHILELHAWLRAFTMPHSVEPLCNGPTRLRSRTIKSVPVGELACLPEVSPTMEFYLEIGEGKNVTLLCQV
NAIPEARISWTFQGOLLONDSMIAPGVHLLYFIEEGAVEKRSELFIYNSNSDDNGTFICNAENAAGLVQA
NEFTIRVIVKHDTPPVTNELPFEFILITLSAAAVSILLLLVVILLSTITIKCHRNARLKKKRNNSKAALSNTT
KDNLLQESVDDYSEKPPTQEEETMLYNTPPEDLPVSSIPPTLTPYQLEQNPDLINGTESVGREFTPLKKRD
LYVYAPDVHLNPVGLLNSGSNCYKTLPYNRNKRSNAANPAGRFSREAEFLORTMHPSYEHYSDVRYTADG
YPVRTNEGAVEPCCSTTTTVSWPSCVPASEVAKDCVKSVGAQTEDTNTKCEPIKETFTESLDEGYEGEGA
EVHTNGEARYLPSCGSLNKLILPSPTCVLPYEYKENR

Apis mellifera (Honeybee)

>AmKeK2
MCSSMRAWWWRGTLLGTMMLLSWTSSLVEGCPSMCTCKWKSGKEWVECANRDLKGLPOQGAREETQVLDLS
NNHLVSLLPECFHALGLINLQRLYLSRSHISHIASRAFVGLVGLVELDLSENLIEEIPTETEFPSYSNLMK
LLLNGNPVREIHRGAFQHLVHLTNLELSQCRIENVEQGAFDGLHQLEWLRLDGNRLTRVPDLTLPLGGSL
RGLTLHNNPWLCDCRLOATQAWLKESAPAAPQESEPVCDSPPKLRGKQIKEVKLNELACLPQIELQDQTE
AYEGDNVTLKCDVYAVPAAKLTWWENGELCELQONENDSASSSAYPRYVYRQRGGTNMSSALLLYSVETLN
EGTYTCIAENGAGSAEANLSLRVLFQERITVEPPNDHSRSGYVVAVAAGALVGTLFALASLIGSIVECVR
KRRRDRKRNSKALVSONKSVMPITKDTTTSLPCRKGNGSLIGLEHQOMVSYTEREMSRAATLERREHRNV
EEPYCSPVSKYLTEPDLINEVPETTDVGYGQLYRHOPGERQILEYDSGYPLOPDLRPSNIPQLSYLDQDG
YPLNFGLPKIPFSAASTLPRLROQRMPVEGTAVAPPARYSREAEFLARSPGYDPVLPRTDTRYTAEGYPYP
AQOQOPOPIQPVEQPTQQQOLPVSPVSPVAVEFPEVPFIPSPPAAYRGETTPLSPRSLLSKTAREAAAAAAA
RAEDLQPPHHPESPDEGYVGDAMDV

Habropoda laboriosa (Southeastern blueberry bee)

>H1K2
MCSSVRAWWWRGALLGTMMLLSWTSTVVEGCPSMCTCXXXXXXXWVECANRGLKGLPOQGAREETQVEDVS
NNHLVSLPPECFHALGLINLQRLYLARSNISRIASSAFMGLVGLVELDLSENLIEETPSETFPSYSNLMK
LLLNGNPIREVRHGAFQHLVHLTNLELSQCRLENIEQAAFDGLLLLEWLRLDGNRLTRVPDLTLPLGGSL
RGLTLHNNPWLCDCRLRATQAWLKESAPAAPQESEPVCDAPPRLRGKQIKDVKLNELACLPQISLHHRLE
AYEGDNVTLKCDVYAVPAAKLTWEEFNGELCELONENESLALLSTSIPRYAYRQRGGTNMSSTLLIYSVES
ONEGIYTCTAENGAGSTEANLSLHVLFQERITVEPPNDHSRSGYVLAITAGVLLGTLFAMGTLIGSIVEC
VRKRRRDRKRNSKALVSONKSVMPITKDTTTSIPCRKGNGSLIGLEHQOMVSYTERELNRAATLERREHR
NLEEPYCSPVSKYLTEPDLINEVPETMDIGYGOLYRHQPGERQILEYDSGYPLOPDLRPSNIPQLSYLDQ
DGYPVNFGLPKIPFSAASTLPRLRQRMPVEGSAVAPPARYSREAEFLARSPGYDPVLPRTDTRYTAEGYP
YPVLOQOPIQPVEQPIQQQLPVSPVSPVAVEFPEVPFIPSPPAAYRGETTPLSPRSLLSKTAREAAAAAAA
RAEDLQPPHHPESPDEGYVGDAMDV
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Acromyrmex echinatior (New world ant)

>AechinK?2 (a)
MLLLLSWGTNAAEDCPSMCACKWKGGKEWVECANRDLKGLPQGAREETQVLDLSGNHLVNLPAECFRALG
LINLORLYLGKSRINQIASEAFVGLVGLVELDLSENQIEQVPTDTFASYPSLMRLILNGNPIREIRQSAF
LRLVHLTNLEISKCVIEITEQNAFEGLOSLEWLRLDGNRLTYVPDHTLPLGGNLRGLTLHNNPWQCDCRL
RIMOAWLKESAPAAPQESEPICDSPARLHGKQIKSLKINELACLPRIDLQDHLDIYEGGNITLRCDVHAI
PTAKVTWWEFNGEPCELQHENNSMASSISTFPRYIRQRGGTNMSSTLEFLYSVESLDEGTYSCIAENSAGSA
VANLSLRVLFREKPTVEPPSDNPGSGYVAAIVAGALVGTLLALSCLVGSVIYCAKKRRRDRKRNSKALVT
QOSKSVLPITKDTTSSSCRKGNGSLIGGLEHQOMVSYTEREINRAATLERREHTRNNHLDRDAYSVASPVA
KYLTEPDLINEVPENSEVGYGQLYGRHHQRAGGVDRQVLEYDSGYPLOPDLRPPPVLSOMNYLDQDGYPL
NFGLPKITFSTASTLPRLRORMTEPGSAAAPAARYSREAEFLARSPGYDPILPRTDARYTAEVSPVAVEP
EVPFIPSPPAAYRGETTPLSPRSLLGKTAREAAAAAAARAEELQPPNHPESPDEGYVGDAMDV

>AechinK?2 (b)
MCLIVLVWRWRAALFSTMLLLLSWGTNAAEDCPSMCACKWKGGKEWVECANRDLKGLPOQGAREETQVLDL
SGNHLVNLPAECFRALGLINLQRLYLGKSRINQIASEAFVGLVGLVELDLSENQIEQVPTDTFASYPSLM
RLILNGNPIREIRQSAFLRLVHLTNLEISKCVIEIIEQNAFEGLOQSLEWLRLDGNRLTYVPDHTLPLGGN
LRGLTLHNNPWQCDCRLRIMQAWLKESAPAAPQESEPICDSPARLHGKQIKSLKINELACLPRIDLQDHL
DIYEGGNITLRCDVHAIPTARKVTWWENGEPCELQHENNSMASSISTFPRYIRQRGGTNMSSTLFLYSVES
LDEGTYSCIAENSAGSAVANLSLRVLFREKPTVEPPSDNPGSGYVAAIVAGALVGTLLALSCLVGSVIYC
AKKRRRDRKRNSKALVTQSKSVLPITKDTTSSSCRKGNGSLIGGLEHQOMVSYTEREINRAATLERREHT
RNNHLDRDAYSVASPVAKYLTEPDLINEVPENSEVGYGQLYGRHHQRAGGVDRQVLEYDSGYPLQPDLRP
PPVLSOMNYLDODGYPLNFGLPKITFSTASTLPRLROQRMTEPGSAAAPAARYSREAEFLARSPGYDPILP
RTDARYTAEGYPYPVHQHQOHQOHQHQHQHOQOOOOOOOSOSQOTIQSPLSIQPVEQPIQQOQLPIQSPVSPVAV
FPEVPFIPSPPAAYRGETTPLSPRSLLGKTAREAAAAAAARAFELQPPNHPESPDEGYVGDAMDV

Nasonia vitripennis (Pteromalid parasitoid wasps)

>NvitriK2
MLPRLALLPPLPPLPPLLLLLLLLLLRAAGRADACPSACSCKWKAGKEWVECAARGLOQGLPQGAREETQV
LDLSGNQLFSLEAEGFLALRLVNLQRLYLARSRLRSVARLALSGLOQGLVELDLADNELEQPPTESFASVP
NLMRLGLAGNPLGELRREAFRQLAQLTFLDLSRCRLARLEAGAFAGLHALEWLKLQDNLLRQVPPATLPT
SAGLHGLPLHGNPWLCDCELAALRDWLVASQAQAPQDAEPSCQGPERLRARPVRLLKPQELACLPSVRLP
ASPLDVYEGDNVTLLCEVQAVPQAAAGWLVNGRSLDLDAEPEPSELPRRVRYSYVEQSSENKISASLEIL
EVESVDEGSYVCQAENAAGSARGNLTLRVLRRERSTVEPPAESPGAGYAAATIAAGALLGTLLALGCLELG
IFLYARRLRSHSKSNLKQPSTAGSSVVPPSILKKPSGDKPSKPACEPEGATSAYAPASAAAVLMPTASGR
LEQPGYGPAAAELNEFGELSEVLYLOORRFIEPDLINEVPOQVESGLPGGYLEPSYRRACLDSAYSNCLDR
DGYPLNFGLPKLGPVTPQORGSATCSETLPRIRQROQLMLSGSAAVPTIRLSREAEFLARAAGYPCPGNQ
PVLEIGYAALVQPTPFIPSPPAAYRSEPAALSPRSLLOAKTQLEGAVGGACPSNAPPALMQLPHPRHPQH
QQOHOPHQOPHQAPLDPSENREGIEHPESPDEGYVGDAMDV
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Linepithema humile (Argentine ant)

>LhumK2
MCSIASAAWRRRVVLLGAMLLLLLSWVAGAAKDCPSMCACKWKGGKQWVECANRGLNGLPMGAQEETQVL
DLSDNQLMNLPAECFHKLGLTNLQRLYLSRSHISQIAAEAFVGLVGLVELDLSENLIEDVPTDTEFAFCSN
ILMRLILNGNRIRKIRQGAFRKLTQLTNLEISQCEIEEIERGAFEGLDSLEWLRLNGNRLTRVPDYTLPLG
SNLRGLTLHNNPWQCDCRLRSMOGWLKDSASTAPQESEPVCGVPEKLOGROIKSLKINDLACLPHIELQN
NLEVYEGENVTLKCEVYAVPTAKVTWSENKVPCELONENDSVTNDATTYSKYFYRORGGTNMSSTLEFLYS
VELLDEGTYGCVAENSAGFVEANLSLRVLFREKTTVEPPSDNPASGYVAATAAGALVGTLLALGCLVGSV
IYCAKKRRRDRKRNSKALVTQSKSVMPITKDTAGGGGGGTCRKGNGSLIGLEHQOMVSYTEREINRAATL
ERREHSRNNPDRDAYRVASPVAKYLTEPDLINEVPESTEVGYGQLYGRHHQRAGGVDRQILEYDSGYPLQ
PDLRPPPVLPOMSYLDODGYPLNEFGLPKISFSTASTLPRLRTRMTEPGSAAAPAARYSREAEFLARSPGY
DPVLSRTDARYTAEGYPYPTHOQHQQOLOQOQOPOQTMPSPIQPIQATIQPVEQPIQQQLPLOSPVSPIAVEPE
VPFIPSPPAAYRGETTPLSPRSLLSKTAREAAAAAAARAEELQPPNHPESPDEGYVGDAMDV

Diaphorina citri (Asian citrus psyllid)

>DcK2
MMYWIFLIATITKIVSACPTSCICKWKGGKQTVECVNKSLITVVEGMDPNTQVLDYTGNNLKTLHNEKEQ
KMGLVNLOKIYLSRCRISVIDSKAFRGLTNLVDLDESHNVLQTVPSDTFPDYPSLMKLTLSGNPIKQIKT
GAFQPLSYLVTLELSKCGIEVIEDAAFVGLDSLEWLKLDNNKITTISGSNILPTGLHGIDLHHNPWTCDC
LLIGLRRWLESTKTPMAIDPICSVPPRLSSVTIKQLSIDELACEPQITPSTEYLEIQEGKNVSLLCKVSA
IPEAKITWLEDGVPIQNESMSASESHAVYSTEEGTEIKKSELLIYNSNIDDNGTEFVCVAENQAGSTSSNY
TIRIVLKEENVEVVTVFPLEYVLIVSGIISVCSLVLIFLLVLCFLCFRRKKKKLKKKDESDKNVNGSNEN
VVKNLRESPKYTSVNATSATCMDKVNGGYIIADGHNDMMLYATDSGILVATNNMNTYPSYSISYQIEQNP
DLVNDAESVDKDRRAQGGEDTQODTQDKASEAASVQYSDSGSQCOEWGNVCYNRMOQPMOHIVLNNVYNQPA
DIHLTPEKFMDRDGYPVDFGLPKVPTHFPALVPATAYYRTLPHRRHTAANPNNRYSREAEFLSRSSQPAS
YEHYAPADVRYNIEGYPSASPTPYSSAPRVTFTEPLHILOGOPMOSNPPTETTTKNEQTWTESSADEQPS
TSNPEKSNENKSEGFQAKRHMIDSLLKNRDVKVGSHLHPHRGLMLPPVLTESPDEGYEGEGPETTEM

Cimex lectularius (Bed bug)

>ClK2
MLVVLLLLLGMVHVWACPSSCICKWKGGKQTVECINKSLITLPSGMDHGTQVLDFAGNNLDRLLRERFQR
MGLINLQKIFLSRCRIKHIEDRAFKGLTNLVELDLSDNSITSVPTETEFYDYPSLMRLTLNGNPIKVLKTN
AFQPLSFLTNLELSKCEMETIEDGAFDGLNMLEWLKLDNNNVKYISGKNILPRNLHGIDLHHNPWQCDCN
LISLTOWLVKESVPQSIEPACQTPERLKGKQIKTLSTNQLACLPDMKHVTPLILEISEGONVSLLCQVSA
IPEAKISWWYEGNVLONDSTVAPGLHLYYFVEEGTVEKTSELFIFNTNVDDNGTEVCIAENSAGRSHSNY
TIRITILKEEPVIGLAVFPYEYFVVISAAVSVIALLGVICVTLCLIQCKRQKRRKRKKDRSKVAALPNQPI
SDKTPVVRDNDTITRIGSIVQAPKINGTAHGQEMMAFASGPGVLVIPNNLKYTTAPMPONYQEQNPDLIN
DTGSKEWKGPKEEQDIEKGWVAGTLPRRDVFPKHMTADVHLSPGKFIDODGYPVDYGLPKMPGPFPVVMP
SSSFYRTLPHKPRHAPAAKFSREAEFVTKPGSTASFEHFNPSDVRYTLEGYPCVQPLYPAFQDPEFISPPA
GYKSDPKDAAAQWPESNLDTLRTQSVGAQTFECEQGSNAILEEPQALTESPDEGYEGDVTEPAEN
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Halyomorpha halys (Brown marmorated stink bug)

>HhK2
MLWAKHQKMVLIIFVLFGVAYAWACPESCICKWKGGKQTIECVNKTLITIPSNMDPGTQVLDFAGNNLNK
LPKMRFENMGLINLQKIYLSRCRIKAIDRDAFKGLTNLVELDLSENYITSVPTETFHDFPTLMRLALNGN
PIEVLRSAAFRRLTYLTTLELSNCKIKSIEDGAFEGLSSLEWLKLDNNRIKYIKGSNILPKDLHGIDLHH
NPWQCDCNLIDIRNWLLTYNIPHSIEPTCEFPARLONKEVKTLPLEDLACLPDVTPTTFYLEIAEGKNVS
LQCRVTAIPEARVSWWYQGEVLQNDSTVAPGLHLYYFLEEGTTEKRSELFIFNTNVDDNGTFVCIAENQA
GRSQSNYTIRIVLTKEPVVGLAVIPQAYVVALSAATIVIGLLGVICIVLCEFIQCRRQKRRKKKKDRSKVA
GIQNQQQMDKIPAPREDT ITRVTASVAVPKPNGPVLNQEMMAFATGPGVLVIPNNLSYTSPPVPQTFQDK
NPDLINDTGSKEWNKESEEGEKIWAGGTLPRRDIFPKHLTADVHLSPGKFIDVDGYPVDYGLPKLPGPFP
VVMPPQAFYRTLPHKSRQGITARFSREAECIHYAPGDVRYTAEGYPSFQDPFISPPVGYRSDAASQWPES
GLDSLRTVSAQTSEVEPIPERQELTESPDEGYVGEGGDSSVN

Acyrthosiphon pisum (Pea aphid)

>ApPK2 (a)
MYATDTVPRRRVAQTTATMTTTTTTTMIFVAAMMATMLAAAAGCPIGCMCKWKGGKQTVECVNRSLSATIP
NGMDVGTQVLDMSGNSMDALSRGRFMSAGLSNLOQKTIFMSRCRITYVDDAAFQGLSNLVELDLSDNGITDI
PTKSFDDYPQLMKLVLSGNAVTVVRTAAFKRLAYLTVLDLSRCRVSTIEPGAFDGLHSIEWLRLDHNQIV
RIESAGAVVLPLSLHGIEMHHNPWTCDCRLRDVHRWLNNNSAPHTVEPTCHGPDRLRGMVIRKLVAEELA
CAPVAAATSPEYVETDAGKNVTLACRVTPAGOSRVSWWFEGRQVANSTTSAGVELTVEDVGPADNGTYAC
VAENRAGWAACNEFTVRVIQELSEVAAGSYPPDAPPPALLVIVLGGSVCEVAVAVVCAISCRLLVVKRRRH
RDHAGRPGGKSGGAGGGDAGPDDPSNSGOAAKTTSDIRQSDSVNLTVSSTVDGKLSSAEDVSVYGEYDTA
AGPGSSAGYEVHEVMHVGGGGGYDAYQQVHVAQGHPATATATTTLEANPDLISDASTVIRDNGGGDYRDA
TDEVYKIAVPPPPSCGRDEFWSTSGAVYPSGGGCGSYELQLSPGKLAAGEPYPADYGLPKLSSGQYPMPAP
PSLYRTLPHRRNAAKPOGRSCQEAEFVLLOOHHHHHHHHHQOQOQHQHHLNRYEPONTIRYNOOGYPYPAS
AVAADAAYYTTAAATEFYEPPSLSNASAQTLDDETMVMMMMMPPAPPPPLVTGAPALPAAGRQPOHLSAEH
AASQHKAVTAVQKQPATTESPDEGYVGEGPDS

>ApK2 (b)
MVLSTSTTTTAMMMMMMMTTTMTTMTISSSPGCPAGCACKWKNGKQTVECVDKKVTSVTLALGIDPATQV
LDISDNDLSAAGLPHDTFAAAGLSNLQRIHASRCNVYYVHDRAFRGLTNLVDLDLSGNCLRQVPTGAFAE
CPSLMKLSLSGNPIGDLPARAFRHLGQLTALDLSGCGLTAVAAGAFDDLSGLDWLRLDDNLLTHVPGPNT
LPARLHGVDLHRNDWQCDCRMVDMHRWLTASRVPVTEEPVCSGPAAYADVPVRRVSVAELACAPAAY PAT
QPVQDVIEGVNVSFRCLVAAI PAATVEWLYGGVPVYRHNASELITVDGNTTAELYVYNASVTDAGS YACY
AENRAGRARVNFTVTVRPGRPFLAAGTVDDRSAPSQSSSATAGSGGGTSGDGRPLLYVGCLAAGSVALSA
AAAVLVAIRCRRVKRSSTGVRAGDSSSTCKRRPTAPAADGYRTVSTTADKELSVPSAHRPASARTTATLV
TVTATGLDGAEDTTVATAESNPDVVSDVKRTGWEIDFEQIVWAECPPATGYVSIQIPVQCGIECLGAYYA
TTAEAVAGSRCGGAGATLRROQRRRAAVLTAYDDTVQVVRTTAQGGYPTTTTGPGTIGIPAAAEPPPTIVV
EDPDDDVGGGDVGGVAPIISPPLPFRSGDEDGADKDDSIAL
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Pediculus humanus corporis (Body louse)

>PhumpK?2
MAVISSSFPNWKTSKFIFIAIELCMLMPLQVVSCPSDCACKWKGGKQTVECPDKGLITIPNGIDAGTQVL
EFSGNNLKLLPRERFERMGLLNLQRIYLSRCKILQIDDRAFRGLTNLVELDLSLNFLNTVPTETEVDYPS
ILMRLIVSGNPIRALQTASFRPLSFLTSLELSNCQIESTIEDGTFLGLDNLEWLKLDGNRLNEFIRGENILPD
AVHGVALDRNPWQCDCRLLEVHNWLLNYKI THSTEPKCAGPERLVGEPIRNLEVGDLACLPDVSPTTLYL
ETAEGKNISLLCRVSATPEASVSWWEFQGRILONDTTLAPGFHEFYYFVEEGREEKRSELFIFNTNPDDNGT
FVCAAENPAGKSLSNYTIRITVKEEPVVGLIVFSREYLIATFSVLTVFCFITILVILAFLLTRCRRQRRKK
RKKERSKEMASONQKPLLRNEITITSPTETTGKSNGTVVMSGQSNVSVFIPNIGGSNENESQSITSGVYIP
ONVFLTDONPDLINGTESAGNKFQIGESQIDGGONLSLMSSPYADASRYIQTRGNCDLFIKQHYTADIHL
SPGRFFDGDGYPVDYGLPKVPLMVSLPTPDQQINYYRTLPNKRSAKFSAANPHLKFASREAEFLSSSHSN
PYDYNPSNVRYTLEGYPCHQQOQQQPQPPPPSNYSPSECEGTFIPSPPAAYKTDGISMIPPCDANNQWQCV
NAQQSRATDINADGIMOQOQQQCSMSSKKTQAVLTESPDEGYVGDTTESGDI

Daphnia magna (Water flea)

>DmagK2
MALISLPNGARTFLRLLVWSMLICCLTAACPDSCTCKWKGGKQTVECVNKGLIALPEGMDPETQVLDISG
STLOILHRTLFQRYGLVNLOQRVYLARSRLGHLDDLTFQGLTNLVELDLSDNMLTSIPVAALSELPALMRL
SLARNPVRRVSADSFRNLRYLITLELSQCQIEAVEAGAFDGLKALEWLKLDGNALANIGGSAVLPRSLHG
VTLHDNPWRCDCQLSQLRSWLVQEFNIPLSMEPKCSQPERLASRLVKSLDPMDFACAPQISSSVTILEVSE
GDNVTLSCHVTGDPDPRVSWEHNGQKITATSSSTALYSSANETEVAETSEFYYTFIGVDGSDSQRSVLNIV
NATTKENGSYVCAAENRAGSARNNFTLLVLPLPTLPPPPGSIEYVITVGGVVAAIVITMVVIVIAVAVRC
CCCRRRSHRTRDKTANNIASIGGVGDSAKTKSNSSLSPELPPRPIQOMLPSSSNIGNKGDNGYTMGVPLPG
GGRVGGAGREYHSTALDSSLDQSPDLINDTTATAKWKEQNAQAVSLDDGQFSPTLYASSAGSPSNVNASQ
YYPCSVPQLSTISEAVLOOHQQOHFYPAQCSTNVYNSSSSLAVLNPAGYLVPMSMPGLPLVDAEGEFPIDYG
LPRPSRPTRPTQTHVRFADPPSVSVRHYENYVVDGDNLQEATMENFLPDRKYPDSYDPLPSSPLNCSHHS
EIRYPSERYPONFSPSSFPAGYNATGNYEEITAAPPSGYAGHONHQHOHQQOQOEYMY PPPGOMMKPNSSTS
IESSENSTLTLTGGAPSSPLDVSINDASSSSPGFLCSSTLOQRQPHESPDEGYEDEGIDGTET
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Kek3 ortholog FASTA sequences

Drosophila melanogaster (Fruit fly)

>DmK3
MAAGRAAATLEAPGPPSGODIASDNSAQRRTLATKVRRKGPRPOQRRLHPPLRPRLPLHLHLLLWLLCCCS
QLGQLRAECPAVCECKWKSGKESVLCLNANLTHIPQPLDAGTQLLDLSGNEIQLIPDDSFATAQLLNLQOK
VYLARCHLRLIERHAFRKLINLVELDLSONLLSAIPSLALYHVSELRELRLSGNPILRVPDDAFGHVPQL
VKLELSDCRLSHIAVRAFAGLESSLEWLKLDGNRLSEVRSGTITSLASLHGLELARNTWNCSCSLRPLRA
WMLQONIPSGIPPTCESPPRLSGRAWDKLDVDDFACVPQIVATDTTAHGVEGRNITMSCYVEGVPQPAVK
WLLKNRLIANLSAGGDGDSDSEPRTAAATQGRKTYVVNMLRNASNLTILTADMODAGIYTCAAENKAGKV
EASVTLAVSRRPPEAPWGVRITILLGAVAALLLVGGSSFAATICLCSLORRRKLRLWNSVPPVRRSESYEKT
EMTARTRPDLGGGASCGGGSATGAGLFHDAEEQGYLRAAHTPLNDNDAGQAAATIVNPSAGSAQRRNGDYL
HVSTHCDDEEEDQQLHHHPQQOOPASQHHPHPNQOOHOQRKGSQGHVVSASGANNSAPLEETDLHIPRLID
IGGTDSASSSISSQVDAAARLAGYAGHTWKTTPIATTKINSPHSKPVTSAAPSSLNTQATPYAHYGNHPA
DEMATSVECSEGQESDLEDSNYPDLLDIAKYAVAQAQQEGRGOGYAQATTTPNGGLCTLPRKLKTSGKYF
RNSSDSQSPLLADNSSKYGSSTLGDGSFLNEAMGLGRRYSAESSYANYSSTATYTGGGQRANSFLNLVQS
GAHQOGKLLPSHLGQKPSLPSSPVQHQRSLSSAATPLLDESALASRAAGAANTSVAAYDYHAAQLERFLEE
YRNLODQLCKMKETCDTIRKKETPLRVAIGQSAAQLADPVMYSAASHSPKPPATSNLKTKTLLPGQPPDP
PPYWLHRNAMLKRLNGDGSAGTNGSGGSPASPQOPRQODIFKS

Tribolium castaneum (Flour beetle)

>TcKeK3
MIPPAHTMPSLHFHLALIIGECTQMIVADCPRLCECKWKSGKESVSCPNANLSSIPLHLEAGTQVLDVSK
NNLVNLKHDEFSKAGLLNLQKVYLSQCRLKNLERYAFRKLINLVELDLSHNLLSSVPSHSFDSIPELREL
KLNDNPIQRILNDAFINVPQLIRLELSECRISTIEPRAFHGLESSLEWLKLDYNKLTEVLSSSFTILENL
HGLELAGNPWNCTCPLRPLRLWMLOKNVPFGIPPICOSPKRLRSKTWDKLDLDEFACIPEIFAYESKTKG
VEGKNVTMTCRITGIPEPSVRWLLKNKVIANLSGSSYSNGKKLYMVHLSNNSSDLTIEFSADLQDAGVYVC
AAENKAGRAEASVTLAVIRKPPETAFNNKILIASVITGIALVLASCLIALCVYSVRKKOMLTWRTRECRR
EDNYEKIEMNHKVAGNSNGGAVQAEIAVVATKKNGEYRVVPVADNEEVEEEEESNVEAAAKRIWQDTATE
KRWNSPEHLLDPEDLHIPRRTLOEARDDIRKGFSSTSGIYSGYEQPSTSLSQSVAPHLLRRQISGGHATT
YNSELSSLMEDEADKKYPDLIENSSYKFGNKANSEGGSVADITDLEFCTLPRKRTLIQSARYKSSDSQSPL
LPESRYGSSGGESSCGSQESGLRRLSDCPKYPAGNLNKNRVNKISNSYLNLTREEELTSTPLLDVTGLES
RVGLTPNANSYDYHAAQLERFLEEYRSLOKQLTKMKETCDNLCQODHLOAGSSQVTPSTSNDDVVRNNPVS
PNSNQSLEDSIDFRNFESELTKYLLAKSSPSPKTFTNNSGVENN

Diaphorina citri (Asian citrus psyllid)

>DcK3
MDHDECADDVMMIYEWRVYIMVLVCTGCLOQVFAECPSTCECKWKGGKETVLCKAKNEFTTIPEQLDVGTQV
LDLSDNLEFVEMTKDLEFQETFQELGLVNLOQKIYLNKNKIKSLDRYTFRKLINLVELDLSYNQIQFVPSHIL
DSILELRELKLSGNPIQKITHEAFINVPKLMRLEISDCKIIFIESRAFAGLESSLEWLKVDRNKIVNVRP
VIFTSLHSLKGIELYGNPWNCSCYLRPLREWLLRNNIPVGVPPVCKYPNHMSGKSWDRLNLEDFACSPNI
RPITPDVTAEENENVTLSCRATGSPVPKIKWIFKEKITIANISSGLANMNKRQYITKTINSLSNLTIVAVT
MSDSGIYTCRAKNGAGEVFTNISLNVIKVETAVAQPDPVYLVASLTTVVTIILTACEVVLCIILLKAKRK
RYADVNRRYLEDKCESNHQQSKPLTVNKMDRPPPVPSAVPAVPLVPPHPPPRNEYSSVPLSDTTRGPEPR
DKIDHEENIDKDASVYYNCNIGDVALGHHVLRKEVLPAGGGSLYTTASPGYPDLLENYSSSNSNKSATDY
ILSKNSSKYPKVSDSQSPLLPSSRYGSSGGESSGESPQSVRQSISSLTIK
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Cimex lectularius (Bed bug)

>C1K3
MLVEILVILVVLPRIPGDCPPQCECKWKNGKESVICVNGNLTRIPGQLEAGTQLLDLTGNILISIAKDAF
KNAGLLNLQKIYIAKCRIRTMDKYAFRKIINLVELDLSYNSLNTVPSHIFDSISKLRELKLNGNPIQKIG
NDAFSSVPLVKLEISDCKLASLDPNAFAGLENSLEWLKVDRNRLKEIQPTTLTSLLSLHGLELSSNPWNC
SCVLRPLRQWMLNNNIPTSVPPLCKYPSRIESKSWDKLSVDEFACSPDISPVRPSVKTEEGTNVSLSCTV
TGNPLPSVKWVWKNKPLDNSSAHANNKKVYTLRLVNKKSTLIVHSTESSDAGVYFCVATNKAGRVEGNVT
LSVTKKIPETKISGKMLEFGCSVVGFLLLVATCLLLCLLGQPRKESRATKAESYEKIEMDKKGDCINDISV
SNKIHPTMGEYRSIPTFEQGEGDDENGSPNSNHSDAPRPANRQTTRELSASKLYCQLGGVQPHILRKEVL
PTASLYTTAISEERNYPDLVTYPPTSNTAQCSATLPRSKIWYPMVSSSQSPLLAGSRCGSSAGESSGSNR
RESAESRSSSNYRLPGKSCERSVSSLNLCIEPEISCSQTRQKSWHHPSLPTSPVRYHMAHKYDSNADTSE
TPILNLLGSAVYDYHAAQLERFLEEYRSLODELNRMKETCEGLKEKSIEKPALSDFSSYRYTSNSIYNDL
FRN

Halyomorpha halys (Brown marmorated stink bug)

>HhK3
MRVVALIVFLLRECLGCPPTCDCKWKSGKESAICVRNNLTHIPKGIDSSTQLLDLTGNRISAIDRDAFDK
AGLFNLOKIYLAKCGLRDMDRFAFRRLTNLVELDLSYNSITSVPSHIFDSISELRELKLTGNLIQKVSNE
AFINVROQLVKLELSECRIVLLEPRAFSGLEKSLEWLKLDKNRLVEVRPGTFTNLSNLHGLELAGNPWNCS
CRLRPLROWMSIQNVPSSTPASCSHPHRLRGKTWDRLODNEFACTPVMHRTRNTVVQAVEGTNVTLSCLV
NGNPTPTVRWLWKNRPIANVSGIPNHRKLY ILHYNGSRSTLTVYSAETIADAGVYFCVASNKAGRVQGNVT
LATSRRRPESKLTGKVLMVGAAMAFLLEVVSGEFLEFCIFGQPRKPPRVNOAENYEKIEMEKKGESCLPENQ
PNNRIHPTLCEYRGVPVEDIEEETTQPSPMLVPNASSNTPRTHLQLSEDLIGVOQHILRKEILPTTSLYT
TAAPDDSSIPDVVTNPASIVSAAATLPRFRSKDWYPNVSSSQSPLLAGSASGSSPGEMSISRRYSIESRA
SARYSSRPRRCERSASSLDLFEPEHKSWORPSLPPSPTREFNPHRSFQVSETPILNLLDSANHYDYHATQL
DRFLDEYRTLOKEINRMKETCQELRGSTTAELFPRYTYRV

Acyrthosiphon pisum (Pea aphid)

>ApK3
MPSSPAPASAAAMAGGGLIVVLLVLSACVVRGARADCPVACECKWRSGKESAICASANMTAVPRHLDYGT
QLLDLNDNPLYRLGKDAFADADLLNLOKLEFLSRCRIKALDRYAFRKLNNLVELDLSHNSIPVVPSAVLES
VPELRELRLNGNPIMKVPNGAFTHVPRLVRLDVSGCRVALLESTAFAGLENSLEWLRLDNNQLRDVKPST
VVSLARLHGVQLNDNPWNCSCKLRPLREWMARRNVPFGAPPVCKTPVRLARTPWDKLELDDFACEPHSVP
VSAVVVVTEGDNATVSCRMYGVPIPSSRWTRNDRPLSQTGHSVPVTEGRYTNLTIVSVVAQDGGSYACEL
ENRSGSSRSNVIVVVVKRSPQLVLGADRYALPGLIVGVILVLSEFCLIFLCGLAIRSKGSPTGSRGVPVSG
PLDSAVANIDADPFDRYEKIEMDRDDNNKSMOHRLHQFPASSSDMNGRPDPPGYAESAATSSGLLHHRHD
EHEDYDGLPPIDEPPSSTAPSITDRPTARPSHPTTNVPHRPRILPDDPKDGKKKTYLECNLGEVTLHHHV
LHKESLPAGHLYTTAAGRQELENTKNVPDLLDTLVPTKGRRISQTLPRSGISSNSRRNTVYTPRPSESQS
PLLLGSRSSGGSNTSRSQLSEFDSSISSDHPROLTAGQKSSSYLNLSTASCGGGGDYSGGSSGGYHHQHHP
SYYWTPPSLPSSPARERRLPAIPVGRGAGLPTAAAETPILDPLSSRRRTYSGTGGGGGHHYHNHSNGGSG
NOMHNQLTGSNHSLLSMSDGASVTYDYHTAQLDMFLDEYKTLRKELTKMORTCDTLRLSNASLASSVAAP
DAVDHRSKPEPLAAPAASSSSSSRTTPKSILKNKNQOATYVYRPVGERRNSYHQLNPAPDDIYLS
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Pediculus humanus corporis (Body louse)

>PhumpK3
MNALMTFTMMELLNVIKTTGDCPRYCECKWKSGKESVLCTNANMTEIPKQLDSGTQLLDLTGNALLTIGS
DEFFNASLLNLQKIFLSKCRLRFLEKSSFRKIINLVELDLSYNELHSVPSHTFEFITELRELRLNGNPIT
RVLNNAFKMVPRLTKLDLSECRIGYVEIKAFQGLETSLEWLKLDKNKIMNIKPYALVTLGNLHGLELSGN
PWNCSCGLRTLREWMLRONVPYSIPPVCKHPSRLSEKNWDKLDLDEFACVPRIEAESYEKNGEEGTNVTL
SCIVHGIPEPKVRWLRKNHPTIANLSTSGGIDGKPKLYSVEIGRETSNLTIHSADSQDNGVYVCRAENKAG
KSEANITLTVVIKPIVRIWSSRMIAAVGVVSLLEFITVVGLLTFCAWSSRKRKFDFRHTVGGREYDSDGYE
MNHKKPINYNKIVDYGNHCRSNSTSKTYKITVENNP

Daphina magna (Water flea)

>DmagnakK3
MLESKLARKMRLPCGIKKLAVEYVVLAGWVGSIRCTTVEQSNTCLKPCVCKWKGGKESVSCHQAGWTEVP
SSGLESTIQVLDLSGNPLSQLVANEFRRLGLTHLQRVILOQRCALRHIDPTAFAGLTNLVELDLSHNVLSS
IPTOQAFLHFPELRELKLNGNPLIRLAGHTFASASKLIRLEVANCQLNHIDHKAFHGLELLEWLRLDGNLI
EVLPTATLGPLRTLRGIDLHHNPWNCTCPLRPLRSWLAARNMPEFSVPPLCLSPGRLRGOQSWNRMPLEELA
CPPKIHPVDSLVOVVAGQAANLTCHVASNPEASVLWEFFADRLIVNLTTPEESPPTVNQVYYLREASDRID
RTDKTSTLMLASAREQDSGEFYVCQATNRAEKVSANITLLVKSNGIDLAAGOLSRGLTAGLILAIFGMLIL
VLLVCCLCSLKRARMHASLRHRRPSMVMGVPSMNNGNSAGGMEDKLDOTDNEFLRROSTASDNYKNHNGSL
YKTEDNAEGAGSSHPHEAKVETREFQDKOQWLVSNQPSKPCLDIKLATNDAEVMTEPIVDGHRQIAMYQNKV
KEFNAEETNTPRPILKSEKVSSPSPTRNYPDLVDLLPSADYSDSSDVTSNQDEMELIQLKRERSSPPIYPT
SRYLOTARQQETTFPGRRAVVAVPGNHNRRRLSDWEVNELDDDQEHHSPMEFYQTQHVPVASRRESYDSEL
DTAQTELIRRHHSEEFDEDFHRRYAYHTGOQLNRFLLEYRALOQKRLAQOMODTWGRCLDDDIDRSVRHHHRH
HHHSNHOPNAQRPLRPILKNRLTLPROTRRWSCDEQEPEDILEPELQGSNYEVSSAVDELYYS
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Kek5 ortholog FASTA sequences

Drosophila melanogaster (Fruit fly)

>DmK5

MMGNRTERSGRRLGMI LLLLGVLVVLMALPPPTAGTTDWMQSCGTCHCQWNSGKKSADCKNKALTKIPQD
MSNEMQVLDFAHNQIPELRREEFLLAGLPNVHKIFLRNCTIQEVHREAFKGLHILIELDLSGNRIRELHP
GTFAGLEKLRNVIINNNEIEVLPNHLFVNLSFLSRIEFRNNRLRQVQLHVFAGTMALSAISLEQNRLSHL
HKETFKDLQKLMHLSLQGNAWNCSCELQDFRDFATSKRLYTPPTDCQEPPQLRGKLWSEVPSENFACRPR
ILGSVRSFIEANHDNISLPCRIVGSPRPNVTWVYNKRPLQQYDPRVRVLTSVEQMPEQPSQVLTSELRIV
GVRASDKGAYTCVADNRGGRAEAEFQLLVSGDYAGAVSASDGMGMGATIGAPTIDPQTNMFLITCLIITTL
LLLLLVAVLTLFWYCRRIKTYQKDTTMMSGDGLISSKMDKTHNGSMLEGSVIMEMOKSLLNEVNPVEKPP
RRTDIESVDGGDDVLEIKKTLLDDTVYVANHSRDEEAVSVAMSDTTTTPRSRHTYVDDAYANSLPPDLLA
FPARVPPTSPSMQSSQSNIPDQVIYGIRSPPSLTSPVYTHMTPHGI YGTKTMTAPHNGFMTLQHPKSRNL
ALIATTNSSRQHQHHHQLOQQQQHHHHHQQQQQQQQQQQHPLAT TS PFLPAPVVYSPATGVVMKQGYMT I
PRKPRAPSWAPSTSGAAGHGSIQLSEFQSPTSPNPSETGTATTAELQAEPVYDNLGLRT TAGGNSTLNLT
KIAGSQGGAGQQYSMRDRPLPATPSLTSVSSATNASKIYEPTHELTIQQQQQLOQQQQQQQQRLGSMDTEP
LYGVRQQGITILPGSSISGAGLGHAAYLSPGSGAAVSPSHASSSGDSPKAAKI PPRPPPKPKKKMSVTTT
RSGQGSTSQLFDDEGEDGTEV

Anopheles gambiae (Mosquito)

>AgKb
MSAWRSTDDTVPLSTKPMPTGRRKPSSWKVGVLVTLLLAMQLLVSPAHGTEESDFTKQCSNCKCSWKSGR
KSADCTNQRLPVVPQELSNELQILDLSHNQIDELPAKTFEAAHQTNLQKLY LRHNSMKRVDRDAFRNLTI
LIELDMANNNLTALEAGVFDDLTKIRVI ILNNNQIERIDKNLFYGLQYLTKVHLRSNRLVRIALNSFVNV
PNLSQIELDYNELQALRKESFSGLEKLTSLSLTNNPWNCSCTLRSFAEYVLAKNLYTSPTACSVPKALAG
RQWTEIELDDFACPPAIVENRMQFPGAGENATFICKVTGLPLPKIDWLFQKRSFSRHDOQRLRVTEAVRTS
PRDQSEVLVSELTIVGVRPSDRGTYVCKATNRGGIDESEQFFDLKADPHPITSATRSKDILQOIVLIVVVV
VLLEVILSWVLVYCICCRKRRFKKNSAMRENGOMNTKMMDKSQNES I LDGGSVMVDMQKSLLTEVNPVEK
PPRRADIDAGEKGPGSGGQSSVGGDYDEKHEAKRTLLEETGFVAQDEETASVALSDSNPRSRATFVDDGC
GTNLPPDLLAFPARFPQSPSIQSSMSNIHDGRI YGKSPLASPIYQTGPGTSLGGGASAQMPAGFRTLQHP
KTGRTIAIAAARSNSPFTPAPLIYPPLALKHQGYVTIPRKQRTPSWTPSMSSAVTAELLPAGSAGHSGAT
SPTSPIDLSLGEPVYDNLGLRTTASGNSTLKLNKTGLRGTPLGSTAAGTALTSTPMAKY SMKDRPLPATP
GGQTATPNSSLLGHGGGNYEATIPEALPYGAGQSMVAGGLSGFDLDQSSIYGPVVGTTTNRSKVPPRPPPK
PKKKVVLPAAGGIVTTGDDQSSAPSCOMATAGGDSSGINTSTTNTSTSPLVAEDCDDGTEV

Plutella xylostella (Diamondback moth)

>PxK5

MAHKYRKKWLKFALLPLALLSTACADFTTECQRPCDCRWQSGNKAATCANS SLRAVPANLSNDIQILDLS
NNNLQQLHQEAFKKVGLSNLKKLFLKDCSIESVHKSAFTTLAIMIELDLSKNKIQY LHPDTFRGTEKLRL
INLNNNFIDKLEDGLFRNLKYLQKVEVSNNRIVRIGTKAFANLPQLKILRFDGNNLSHMKPETLMGLSNL
SGLDLHNNRWRCDCNLQTFRNWVISHNLYTAPTACSEPASLRDKLWNELDSSNFACRPTILEPLPDATVK
SYEENVTLTCKVVGNPTPEVVWRENSKT IEMRAFGETIRYVISDNTVDLIRWVNLTVLHARY SDRGNYTCT
AENPGGRDEKTLTLYLSKYGSYGTIMGMDTDSFATLVGCLSAFLITFGSITAVCYYTSQRNETKKLIKDD
TRTNGEALIEGSLGSELEKGYPAEVNPLSKPPRKHEAPPSLTSAATEMSELNRTLLDNDSTLASSGENRA
QDAEPLPKMSQETLLVDRLAQEHQTYPPDLLSFPLRGSTQISPAGVDRPKSTQTTNSPIKSPGYGVTALN
PNLFNRIQLPSTSQGSYSKGGYVTLPRRPRMPNWLPEGNYPQVFSTLNGVIPYDNFGMKLFGNGSNYYSL
NKSELDVMTGSSRGVNPNYSVPQGVEACDEIEPAPSPAPGTPHATI PRSSTSSPNIHNQLLALQAMSMNH
GRGTRVPMSSEPRPLKVILTPPENESLIKNTSRELRRMGGNGNVTGTLGRKTVPKPPPKPRKRSSNEMKE
PFLLNSGETATQV
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Tribolium castaneum (Flour beetle)

>TcKeKb5
MRADTHTFYMKMAHRLIVLMVLWSLASANNDDWEKKCNKCKCVWSNGKRTADCTNRDFSEIPKDLSSEIR
EIDFSNNPLHYLGREVFVNAELRDIHKLRFVNCSISAMDDTAFKGLVLLIELDLSRNSIGLLTSKIFEEN
RKLRILSLSHNKVKRLDQGLFYNMTHLQRLSLDHNEIEY INDSAFFLLPALQHLNLAYNKLTVMSSDFLD
NFPKIVSLNLESNPWICDCRLQEFRNQTKRANLITTQTQCAEPPLLKGRLWTDDNIVFACVPQIVEPLPS
THIEATTSNITLTCRVLGDPQPDVDWVSNGRIIDRDPRLNTQREFITSKRKVGDYTWNNLTITNVNYRDKG
EYKCVAKNPGGSDEKNVSLIVSSIGGIGGGGPLAFGATLPLVIALSIGGVIALVVILILVCCCCRKSTHG
MATKRRDLQDSSDECIRLHGQPDMEKALITDVNPVMKPPRICSVPPSVNSGGTEVSEAKKNLLDSDSVFA
GDDESRSFDFDMPPYRKSQTLLEPDYRGNHTYPPDLLPFPPRMCQVSPAGSSASTVADTSRLPAHHGPQS
PLHSPLYDSNTLYRTLPYSRSQSPFVGPPARVPRQGYVTIPRRPRQRWSTDTPTTSDVEEPLYDNLGLRT
TVDGSSALSLNKLGEATTPKSIRLFPMSPSSCDPIAENEPPPAAPKLSPSSTQWAKANAEALRSPDNRRN
SLPDGGKVKVAPVPPPKPKKRTSTGPLFEDEGEDGTEV

Apis mellifera (Honeybee)

>AmKeKb5

MELRTAKLLLYSTLMVVVCWSQEYWTAQCASSCKCRWI SGKKAAECTIRQNLSQIPVGLSPEIQNFDLTGN
RITYLMHESFSRVHLVNLQKLVLRKCEIELTHTDAFNGLKIVIEIDLSANNIGTLY PGTFEETQRLRVLL
LNDNKLKVLENGLFHNLKYLQKVELSNNELERI DDKTFRNLPELRSLTLDANNLSALKVQSFETLPKLGS
LELHNNPWNCNCRLKRFRDWT IEKKLYTKPTTCQQPESLAGKMWDE ISSDEFACRPEIFTIGPSVRVEVG
KGNVTFWCRASGIPRPQLSWVHRSRVINNHTRRHNGEKIYILKSNHEWLNLTIPDVAHSDKGDYVCLAKS
PGGNTEKNVTLTIAGDALGGKDNIISLPLALGLGVTALLLLIVTVTLCVCYCRRRRIRHDEKSLEAASME
HHGLGEQEKSLITTINPVVKPPRRYEAPSVTSHGTEMTELNRTLLDNDSVFADGIGGGVGSGVIGGVGDD
EREERATPELESGTGTLCRGGGGSYRQYPPDLLAFSGGRGASPTSQASTAPDNTRLPSQHATPATAAFGS
PSNNQYPAAFKTLPHNRSVTPYGITSSTIAPVMPRHGYVTIPRRPRAPSWSSGPPTSPTDGLEPVYDNLG
LRTTADGSSVLSLNKSPEPLSTMRNRPLPGTPGSHYGTIQRSTPNILTSSPLDRSAPEGAAEWPSKIADE
STDSTNQLLGQOTQOQQQ0000000000SGSSSTLNRKVPPRPPPKPKKKSTNGPLYEDEGEDGTEV

Habropoda laboriosa (Southeastern blueberry bee)

>H1K5

MELRTANLLLYSALVVVVCWSQEDWTAQCSSSCKCRWI SGKKTAECINQNLTEIPSSLSQETIQNFDLQGN
RIKHLTHDSFSAVSLVNLQRLVLRKCEIESTHTEAFNGLKIVIEIDLSSNNIRTLY PGTFAETQRLRMLV
LNDNKLKVLENGLFRDLVFLQTVKLANNRLEKIQNKTFVNLPGLKVLTLDGNNLSTLGVQSFESLPMLGS
LELRNNPWNCNCHLKRFRDWT IERKLYTHPTTCQQPLSLVGKMWDEVHSDEFACRPEIFTIGPDVKVEVG
KGNVTLWCKASGVPRPQLYWVHRSRILNNHTRRHNGEKNYVLRLSHDWLNLTIPDATPSDKGDYVCVAKS
PGGNTEKNVTLVIAGDVIGGNDNMFPLQIVLLLGLSALLVTIFAATLCVCYCRRRRTRHDEKSLEAATME
HHGLGEQEKSLITAINPVVKPPRRYEAPSVTSHGTEMTELNRTLLDNDSVFADGIGGGVVGGVIGGVGDD
EREERATPELESGTGTLCRGGTGSYRQYPPDLLAFSGGRGASPTSQASTAPDNTRLPSQHATPTTAAYGS
PSNQYPAAQFKTLPHNRSVTPYGIASSTIAPVMPRHGYVTIPRRPRAPSWSSGPPTSPTDGLEPVYDNLG
LRTTADGS SVLSLNKSPEPLSSMRNRPLPGTPNSHYGT IQRSTPNILTSSPLDRAAPEGAAEWPTKLADE
STTDSNHLLSQQQQQPQQQQSASNSNTLGRKVPPRPPPKPKKKS TNGPLYEDEGEDGTEV
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Acromyrmex echinatior (New world ants)

>AechinK5 (a)

MQCLSTCKCKWVSGKKTAECIKQDLTQVPGDLSPEIQSLDLTGNRI THLARNAFSRVNLVNLHKLSLRDC
GIELINKDAFSDLKITIEIDLSGNNIHSLHPSVFYETQKLRVLLLNQNKLKVLDNGLFFNLTFLQOKVTLS
DNRLERIEEQAFRNLPNLHSLALDGNNFSTLQLQSFESLPKLGSLELONNPWNCNCHLKKFRDWATQRKL
YTQPTTCQQPLHMIGKMWDEVSSDDFACRPKITNIEPSNKIEAAKGDVTISCRATGI PRPELSWTYRNRL
ITNSSKHGNDKNYLLLENHDWLNLTIIDALPADKGDYICHAKSPGGEAEKNVTVSIMGDALSGRENFISL
PLATGLGVTALCLLIVTVVLCVCYCRRRHTRHDEKGLEAASLEHHGLGEQEKSLITTINPVVKPPRRYEA
PSVTSHTDGVGSGVVGGVGGGVGDDEKEHERATPELDGSGNGGVVGGGGGTLPRGGAGYHHRQYPPDLLA
FSGGRGASPTSQASTAPDSTRLPSQQOMIAPAAAATTAATASSYGSPPSGQYHPAAFKTLPHSRSATPYSL
GPSSSSSPLAPVLPRHGYVTIPRRPRAPSWSSAPPTSPTDALEPVYDNLGLRTTADGSSMLSLNKSPESV
ASSMRGRPLPGTPGGSHYGSTIQRSTPNILTSNPLDRVAPEGAAEWPLKLTDESMDGGHLLLTQQQQQQQA
AASNTLGRKVPPRPPPKPKKKSANGPTLYEDEGEDGTEV

>AechinK5 (b)
MIPRTASRWLLCVALTVALCQGQEDWMQCLSTCKCKWVSGKKTAECIKQODLTQVPGDLSPEIQSLDLTGN
RITHLARNAFSRVNLVNLHKLSLRDCGIELINKDAFSDLKIIIEIDLSGNNIHSLHPSVFYETQKLRVLL
LNONKLKVLDNGLEFENLTEFLOKVTLSDNRLERIEEQAFRNLPNLHSLALDGNNFSTLOLOSFESLPKLGS
LELONNPWNCNCHLKKFRDWAIQRKLYTQPTTCQQPLHMIGKMWDEVSSDDFACRPKITNIEPSNKIEAA
KGDVTISCRATGIPRPELSWTYRNRLITNSSKHGNDKNYLLLENHDWLNLTIIDALPADKGDYICHAKSP
GGEAEKNVTVSIMGDALSGRENFISLPLAIGLGVTALCLLIVTVVLCVCYCRRRHTRHDEKGLEAASLEH
HGLGEQEKSLITTINPVVKPPRRYEAPSVTSHSTXLLDNDSVFADGVGSGVVGGVGGGVGDDEKEHERAT
PELDGSGNGGVVGGGGGTLPRGGAGYHHRQYPPDLLAFSGGRGASPTSQASTAPDSTRLPSQOMIAPAAA
ATTAATASSYGSPPSGQYHPAAFKTLPHSRSATPYSLGPSSSSSPLAPVLPRHGYVTIPRRPRAPSWSSA
PPTSPTDALEPVYDNLGLRTTADGSSMLSLNKSPESVASSMRGRPLPGTPGGSHYGSIQRSTPNILTSNP
LDRVAPEGAAEWPLKLTDESMDGGHLLLTQQQQOQOQOAAASNTLGRKVPPRPPPKPKKKSANGPTLYEDEG
EDGTEV

Nasonia vitripennis (Pteromalid parasitoid wasps)

>NvitriK5
MSRMRGKPRTLLOLVLSLALLASNCVGQEDWNCVPSCKCIWVSGKKTAECKRONLTEIPESLSMEIQHLD
LTGNFISHLPERAFTRVSLDNLQKLVLRECGIKAVNVEAFSGLRIVIEIDMSANRIRQLHRGTFNQTERL
RVLLLNQNRLERLDDELFHNLKFLQKVELSDNHLMRVGLSTFHNLPGLLTLTLDGNNLQHLNLKSFDNLT
KLSSLELRKNPWNCDCHLQEFRDWT LNRKLYTRPTSCEQPQALAGRMWDEIESEEFACAPRIESTGAMQL
GDAGSGRAQLWCRAQAKPRPQISWVHRQRVLGNGTKRHTSSDKSY I LQVADDWANLTIPELLLSDKGEYT
CIAKNFGGSVERNVSLLVLGEGGSRGEGMLGLPLATGLGI TAFLFLLVALTFCLCYCRRQRSHHDEKSAE
AASLDHHGLGEQEKSLITAINPVVKPPRRYEAPSVTSHGTEMTELNRTLLDNESVFADGVGSVVGVLANG
LNDEERGRATPELEAVMSGHNVANSVHATPGGNMGGGVSGLSSNQAGSVISGLGTLSRNTTPYRQYPPDL
LAFSGGRNSSPTSQASTAPDSSRLPSQHPPPHOVQLGFGSPSSPVATGLVIAAYTPIGFKTLPHPARASS
ATPYSLGHHHPSMARHGYGTIPRRPRAPSWSSGPPTSPTEREIQEPVYDNLGLRTTADGSSALSLNKSPE
PKGFSMRGRPLPATPSSPSPLSNGQLTLPRAPRGPPALAHLQLNRSAPEGAPEWPLDLVAEHESQPTSPS
ARKVPPRPPPKPKKKNPNGPLYEDEGEDGTEV

44



APPENDIX A: Ortholog Sequences

Linepithema humile (Argentine ant)

>LhumK5
MGEGERGFLAMGPRTASRWLLCAALMVALCQGQEDWDGGHCQPMCKCKWVSGKKTAECTKONL TEVPKNL,
SSEIQYLDLTGNRITHLIYKAFNNSNVTLVNLHKLSLRECGIESTHTGAFKDLKIIIEIDLSNNNIRTLQ
PGTFHDTQRLRVLLLNONKLKELONGLFFNLTFLQKVSLSDNILERIGERVFRELPGLHSLALNGNNFEFTT
LOLHSFESLPKLGSLELQNNPWNCNCHLKRFRDWT IERKLY TKPTTCQKPTTMAGKMWDEVTSDEFACRP
KIVAIGPASKIEMGKGDVTLTCKASGIPRPQLAWGHRARLINSLTKRPNSDRGY ILTSDQDWLNLTIVDL
TPSDKGDYVCHAKSTGGESERNVTLTVVGDALGGRDNFISLPTATGLGVSALCLLIVTVALCVCYCRRHR
TRDDEKGLEAASLEHHGEQEKSLITTINPVVKPPRRYEAPSVTSHGTEMTELNRTLLDNDSVFADGVVGS
GVVGGVGGSIGDDEKDHERATPELGRGGSGTLPRGTTGYHHRQYPXDLLAFSGGRGASPTSQASTAPDNT
RLPNQHASAMTPAATSLYGSPPSSQFHPAAFKTLPHSRSATPYGLGPSSSSSPIAPVLPRHGYVTIPRRP
RAPSWSSGPPTSPTEVLEPVYDNLGLRTTADGS SKLSLNKSPEPATLSMRGRPLPSTPGTSHYGTIQRSTP
NILAGSPLDRAAPEGAAEWPIKLADQSLDDGHSLLAQQPQQPQASASNTLGRKI PPRPPPKPKKKSANGP
TLYEDEGEDGTEV

Cimex lectularius (Bed bug)

>C1K5
MSPISFIGLATFLIFTTETHSTASDWTSTCLKCKCKWVSGKKTADCSYSHHTAVPSLSSEVQHLDLNGNK
THSLSSDSFKSVGLVHLHKLYLKNCGIQELHKDAFKGLOQILIELDLSENKIHILHPGTFQGNYRLRITIYM
SRNPIQRLEDGLFTNLTFLQTVDMSQCLISHISSKTEFVNVSNLHTFILNGNRLSHMKLSVVDKLYKLRSL
ELKNNPWRCDCHLKAFRDWVVDHKLYSQPTFCHEPQSLENKIWTDIESEAFACKPQILYPNVGTTVVADG
DEVSLSCRVTGNPTPEVHWVYNARIITNNTRTKYGDLKYLVRSSGE INRWVNVTVTRVRPQDRGEFTCVA
KSEFGGVDERNITLIVKSSNGGYIGSAGIANSWPIVIGLTTGLTAVFLIVIILCCCCCRKRKNLLPGKKSP
VNGVSPNGDITHHIGAAEQEKSLLAVNPVQKPPRRYEVQISPTAGTEMSELNRKLLDDGSVIAHSILGDE
DRSSESIETTPQRLRDKLESETYPPDLIAFQGRGHTASPAGSSTSTALDPASRHTLHLGHQSPLHSPIYN
GFGMLPYSRSQSPFSPAAPIILPCQGYVTIPRRPRIPSWSSAPTPSLLEDPLSPIKAEPVYDNLGPRTTV
DGSSILSLNKAGTDTNPRRKTPSIPSSFSPYEEKEGGILRPLPSPLSPDDKRYWRNRSGDGILKRVGSAD
MPIETISKAKVAPKPPPKPKSNVPLYEDEGEDGTEV

Halyomorpha halys (Brown marmorated stink bug)

>HhK5
MSDIAKTAVFIVFLGVAVVQPDDWTLCPPGCKCKWVSGRKTADCKKADLRKIPETFKSEIQSLDLSENKL
DHLPDEAFKSVGLVNLHKVFLRECNIKE IHKDTFKGLGILVEVDLSANRIHVLHPGTFRDNVRLRIFYFN
GNPIERIEANLFVNLLHLQTVEMGDCKITEIDDKAFRNVSNLLNLKLNANKLTHLKLSTFTDLLKLRSLV
LODNPWNCNCHLRDFRNWVIERNLYAVPTSCTQPEHLRGKMWNV INAKDFACKPKILWPPIGTSVSADNR
DVSLGCKVTGNPMPEVHWVHNSKIISDNTKVKYSVNRYTIKTSLVDSSEESDRWVNLTVNQVSLQODKGQF
QCVAKSPGGLDERNVTLLVYADNDGFIGVGSVNDSWPLIIGLCTGMAALLIIILLLCCWYCCRHKQSQSK
KSSSAMPANGDVMHRITPSNEQEKSLLTVNPVQKPPRRYEAQINNDAVE ISELNRKLLDESSLQGNTCPT
EEDNSVECLDIRQEGANVEKPVSEAHPPDLLSFPSRSHNISPASSSTSNGFDNLSRASLYPAMQQSILNP
SVHYNCGTLPYSRSHSPFSPTAPIVLPRQGYVTIPRRPRVPSWSSAPTPSLLDDPLSPIKAEPVYDNLGP
RTTADGSSVLSLNKSFSENPRGRNSSSNVPNYFHFEGGLRPSPSPLSPERENRADGILKRTCSADGDIGP
TRSKVAPKPPPKPKKDGPLFEDEGEDGTEV
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Acyrthosiphon pisum (Pea aphid)

>ApK5
MIGLYTLIALLLWAPTASHSASELDWVTVCNQQTCRCKWVSGQKMAECINSSLTSIPKTLSNEVQVLDLT
NNKILEINKDAFREVGLINLHKLTIARNCSIELVDKDAFRGLEILIELDLSNNNIHVLHPTTFRDPFRLRK
IYLNHNLIQRLRNGLFSNMSFLQTVELNSCLITDIEPKTFYNITKFNSLELSGNQLANMKAEVLYSVPSL
MNLGITNNPWRCDCKLRPFMNLVMNKNLYIKTASCTEPPRLLNKLWGDIKPDDFACQPIIEYPAQSSTFQ
LDDDELMTIGCKINGEPMPSVQWVFNNRPISNYSHGDYKFTVYESVDNTMAKWINLTVSRSRLIGKSEFK
CIAQNPAGLEERKITVIVQGSGTKGILGSTVSVKESLPITIIGLVAGIFITILLLIVCCLCCYRRRPASGG
VLSKKSHANGFSNGDVPNHHNHVTSLVSEPSEQQKSLLAVVNPVQKPPRRYESSPTGTEMTELKRNLLDE
TSVSGDADEQFYGESGDELANIIDSSGISNGVGNGRSYRKGTHPPDLLAFPRGSGGGGGHSSPAGSVVST
VPSFQSPLHSPIYSGTLPYNRSQSPFSSRPAQPPAGYVTIPRRPRVPSWASSTGVGGTSASTPTAGHVDD
PLGVGRLCEPVYDNLGPRTTADGSSVLSLTKAVADSAAVHRPKPQYSQTLPHKTKLHSGHRPRFTADDAQ
DARRVPSPAPRSPDKTLPSQVSGLPQHNALPPNYSPLVEMDARNRS SWAPSRVGTPESGVLKPASQTSVK
RKVPPKPPPKPKMKGGPLFEDEGEDGTEV

Pediculus humanus corporis (Body louse)

>PhumpKb
MDEFHLNITIFTTFLVVFAFAGSDWTTNCPPPCKCIWSYGKKTAECQDAGENSVPNTLSPELQVININNNNL
HILPSQAFKSVNLENLHKVFMKNCSIELIDKNALSGMVVLIEIDLSNNNIKNLHRDLFRECEKVREVRES
NNPIQKLDDGLESNLEFLOQTVDFTGCKLHEIGSQVEFWNVPALTTLELKRNKFTYLQLSSVEHLHKLKNEG
LTDNPWNCNCKLRPLRNWVIQRNLYAIPTSCKEPLQMKDVLWNEVNDPNEFACKPKIISLTREPHGILAC
LVEGDPMPTVTWSENNKLVTNYSFLASDFVVQESTVNGELKWSNLTLRNTRGGKDNGEYKCVAKSYGGST
ELGREVKYDPYLDGDSYYGSSDGTYDNWLLLAGSIIGALLLIAIVLEVKCYVCKRYTRKNNRNKKDKESV
NGSVTHVIDSEEKNLINVINPLOKPPRTANASANSSETEFHESNVSQYNDKGSSD

Daphina magna (Water flea)

>DmagnaK5/6

MATMT IMLKAVLMLFFCLLAMLAGPVTADWTATCTAGCTCKWADGKKVAECPGAGFTTIPENLSPEIQVL
DLRGNQLGVLVNRAFSSVGLLNLQRIFLRNCSLTLVEKDAFHDLNIMVEVDLSHNQLHRFHPETFTNNEK
LRSLSLSHNPLEKLEAHQFPPLPNLRSLELVKCQLEMVDKKAFMHLSKLETLKLSANKFTNLKPEVFLPL
NKLKSLDLQDNPWNCDCRLLALRDYLSEANLNSTLTLCTEPEHLKGKPWSRLAAEDFACKPLIDVNEPHV
EGRLGFDVTFSCRVSGNPPPT IWWVLONRQIVNTTTASQSEQFVIRQSTHPTKINPSTASLHAEPQQPEF
EYWSNLTLRRISEQDAGQYRCIARNKGGQVDANVSLQTPPAPVTILIEGETGLMSYTTATTLAVVGALVL
LVGLVLLIVCLVRRVPKRKQPQPRDGSAAKLNGSAKTVNGNGSTIAAVSEQEKSLLDIEMDQHTSLONAST
DGYHAVSQTDI DAQQHMOMOLQLRHQOQLOQQQQQQOMRMMHGSNTY I PGDRYDTSRVPESLTRHLMMLDG
CQVQQONPDGSFYPDLLDI PHRGARGGGSPSTHSGASNETANQQQQOHMMMSTLSAAQLAGHPSYGVIGLHP
PLQFTDSSSTTSSTAVLLPVGARPGYVTLPRRPRPRMPSWASSPPPMSSSSPGPGSLPAEEPQQPLYDTT
GPRVTADGSSTSALSLNKIAGLTPNPSSGLSPRMQSSTLSRGHKISLPAYYVPIEEVDI PPPSPLVQQORR
DHQQSTPNILSNGQYEDHHHHHHRMGRE PVLGYFNNNNNSSTPIRRADDSETQHLLNDSSTPTSANTSYS
NAAPEVISPIPDFRTAGSRASVSSLSSNTGLRRKIAPAVPPKPPGSIVVARPASVVPYHDDVASPAKVAP
KPPPKPKKRLSTTGDSVKLEDLENGGGDSGGQAAYEDEGEDGTEV
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Keko6 ortholog FASTA sequences

Drosophila melanogaster (Fruit fly)

>DmK 6
MHRSMDRRRSRTPRTLPVCWILLCLVAWTVADDWSLSCASNCTCKWTNGKKSAICSSLOQLTTIPNTLSTE
LOVLVLNDNHIPYLNREEFSTLGLLNLORIYLKKSEVQYIHKESFRNLKILVEIDLSDNKLEMLDKDTEFM
GNDRLRILYLNGNPLKRLAAYQFPILPHLRTLDMHDCLISYIDPMSLANLNLLEFLNLKNNLLESLSEYV
FOHMANLKTLSLEENPWQCNCKLRKFRGWYVNSRLSSVSLVCKGPPAQKDRTWDSVDDELFGCPPRVEIF
NNEEVONIDIGSNTTESCLVYGDPLPEVAWELNGKILDNDNVLFESESTASDKLWSNLTVENVTSLDAGT
YACTGSNSIGSMTONISIYLSEIVQHVLEKTPETFWYFGLIMGIFGTVEFLLISISEFVVCLCKRTTRQHRH
ANKAGVKSSVSEFNDQEKKLLDSSVTTTTNDRGDSYGIDNQPTSIGMNKGDSAGMGENQIETIHAVESHRHG
SMLVOQOPQOOOQOVAGGGGMRQQLMQOVKDSTCGMMSVPTSMAGHAHSHPAQI SEEFPLNVGVEPPPPEFCS
NIVPNPAFGGNIFIRVSVTODMLDGADLNMYPDLLNIPKRMODVQESGAGAVAVPEGQFATLPRHTARRG
ILKKDTSLOQOQOQOOHQOOHQHQOOOQOOOTIQQOOHOOLOOOHOPSGLYTHDEIVTYNLEASGYDPHQSGY
HSNAMELPPPPPPPAVTAVVQCHHPSPNNCASCINNAPPPPSACQSPPVEVTPMRPLDSSAYPKYDNMGR
RITASGGLGGSNLSLHDEERYENETLFGQAESQTKGMPEQSQDLHQPOEVTOGODKGGGPGEFVSL

Anopheles gambiae (Mosquito)

>AgK6
MPLLORTKPLKMIQLYCTVLEFLLLSTALCADWSASCPONCTCKWSNGKKSALCNGADLSAVPSNLSTETIQ
VLVLNDNNIPYLNREEFTTLGLVNLQKIHLKHSRVKYLHREAFKNLKILVEVDLSENEIETLDKQTFAGN
NRLRIINLYDNPIKMLVAEQFPVLPYLRNIDLHGCQLRYVAETAFSNLDLLEFLDLSKNRLESLPHHVEN
HMKNLKTLILEENWWNCDCHLRDFRNWYLNSSLNRRSLICQRPYALKGLSWEYLETEQFGCMPTVEIYRD
EYEIEDLGTNITYKCAVSGDPEPNVRWDMNGKDVDODNAITETERHVAFDGSVTLWSNLTILNVTNNDSG
FYTCTAQNRIGLASKNEFSLVLPEVVERVIIKTPETFWYFGLILGIFGTIFGLLALSVVVCLVKRKLRMRR
RRKTIKNSVSENDQEKKLLDLSITTNERQEFSASDVVTPSTKTDSTIAMEPVQITIESIATSKREEYPLN
VGVEPPPPEFCTOMIANPTISNIYISVSVTODPLEGGPADVNMYPDLLNIPNRHOKGPPKMPPVSVTSYA
TLPRKTATVGGGPRCSITSGHSSSSGGSSGAGKPSVGIGPPQVGSPLSCTPSLLAAAETIPLTEGIVNYAT
TALRDDSGCEMSSSSPVPSMCAECSKVLKASGGTFAPKYGTTSRTLPGLGGGDLATSGPSSSNSSGSKCE
KPLACLKYDNMGRRYTASGNSTLSLPDELKPAGGPGPAGAAEVIKQQODIETIVEQDDQPGGAPDGTEAPL
POQPPPPSAVVAGGTSDQEAAQRGLYVVGNDEVSL

Plutella xylostella (Diamondback moth)

>PxK6

MSMRAAWARWYVIVVLSSCAARTASDWLDCAQI PACRCKWSSGKKTASCASADLRRPPALASDIQVLDLH
DNPLRTLPQEVESTIGLLNLOQRVNLRGTKLRSIHPDAFLELRILIEVDLADNDLSNIPKDIFRGNERLRL
VVLSNNPLTTLVADQFPSLPHLRMLLLDGCRLKLIHTNALRNLKALETIDLRRNQLTFLRLITFALPALK
TLSLSGNPWRCDCRLREFKDWEFLDSTLGTEDLVCVEPSTKSGSKWRSVPSESMVCAPEVRSSTLVIRTEV
GMPTTFGCWVHGVPKPOVIWLFEGVDVHNSTLDSDLEEAESEVDIDDSEDKVPGSVRWVNVTVLNVTSSA
AGEWTCIAKSSAGEARAVISLVLPRYQTATARTDPGIPQVIGVVEFGALGVLATLGEFLGAVACWHMRRRTV
PASRSFTDQEKRLLDASVVVSCDRSIAEMASPCDFEMTERSISEEPRGCGFDPVHITIEGT PGAFPPPPA
EFAVPVPYGNIFISVQVAGHGEGPGGKYPDLLSGGATLPRRSRTCCAPVYDNMGPRVTATGSSTWSLPGA
GAEGVDNTETPVLTLPPPPPEFVSL
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Tribolium castaneum (Flour beetle)

>TcKeKo6
MAAVILLLVTAMALAAPDWTDCPSPCRCKWSSGKKTAVCKGGGFSAVPDTLDGEMQVLDLSGNYISRLGN
DAFKSVGLLNLQRIFLATAGIQEVHKDAFRDLTILVEVDLSHNQIKSLHPETFHGNERLRVLYLNGNPLR
RLVQEQFPQLPHLRILELDGCQLEYVHKNAFVHLSVLETLSLRONLLRNLSEEVFMNFAHLKTLVLEGNP
WKCDCELRGFRDWELLSKLNSVSLTCTQPERLEGKLWENVLSEEFACPPRVSVEPQSQVOAEAGGNVSEG
CHVTGDPEPQVSWLYEGYPINHTWLVIQAEEGLLDKWANISVYNVSDTDTGVYTCTARNILDSVSLNVTL
VLPEVVTATTVSKSEGGELWWGLLVALVTLGSVGLGASIAVCCLRGRKTOQKRMKASVSETEQEKKLLDVS
IATTTDRGTGSCEVLGPEMELDPPVHITIESEPLPLAVEPPPPEFGNVVPSAYGNIFISVSVSRDPSDAS
RCPDLLDLPHRAKPVYHGMATLPRRPCAAPHYDNMGPRVTAAGSSTLSLPGVPPPPPPPPPPQLTPEEVS
L

Apis mellifera (Honeybee)

>AmKeK6
MIGTRHHPLRGRILLALFFLLGTLALLSKAAAFPDWTDCPAVCRCKWTSGKKSALCPDAGLTSLPASLDP
DMOVLDLSGNKIPALQSEIFKRSGLLNLORVFLRNAGIHKIHADSFRDMRILVEIDLSDNHVEMLEPDTEFE
LGNERLRILILSGNPLTRLRSHQFPLLOHLRNLELQRCSLSETIHGEAFVYLTGLESLRLDKNVLEYLDVS
VISNLPRLKTLTLDGNRWSCDCRLRDFRTWLIPNGPSKLYSVPQACSSPMRLEGRKWEDVKPVEFACEPE
VEVLASSIQEETNGNLSLACLATGDPEPEVWWQLNGGPVNATKLTEQIYTGTYVAYATSDVDTISSYNER
SSPGRLVDRWNNLTVYNASDGDAGEYSCFAKNIAGLARDTVSVAIPRVYTAPTLSQSDNWLLWVSLAGGG
AAALCASISAVLLALCVCGGTRRQTAREKVKLOSSTSFGDOQEKKLLDLSVTTTTTPGNSNDRGSGHGSIV
EGCSTGDLELAERGSICDPMSAATVTVERLRPEMSGGPAMRTVPCVEPPPPPEFTSGVLPPGIFGNIFIS
VAVPODASDRCYPDLLDIPVHATGGAAGKTALPPASSVSSFATLPRRALRSSDLCSPYDNMGPRVTANGS
SAFSLTDVDLRLSPPPPPRIIQPPHEFVSL

Habropoda laboriosa (Southeastern blueberry bee)

>H1K6
MIGIRHHPLRGRVLLALFFLLGTFALLSRAAAFPDWTDCPAVCRCKWTSGKKSALCPDAGLTSLPASLDP
DMQVLDLSGNKIPALQSEIFKRSGLLNLQRVFLRNAGIHQIHADSFRDMRILVEIDLSDNHVKALEPGTF
LGNERLRILILSGNPLNSLRTHQFPVLQHLRNLELQRCSLTKIHGEAFVHLNGLESLRLDOQNELEYLEVS
VISSVPRLKTLTLDGNQWSCDCRLRDFRSWLIPSRPSKLYSVPQVCSSPLRLEGRKWEDVKPVEFACEPE
VEVLANSIQEETNGNLSLACLATGDPEPEVWWQLNGGPVNATKLTDQTYSGTYVAYATSDMTYNERSTSS
SRLIDRWNNLTVYNASDGDAGEYSCFAKNIAGLARDTVNVAIPRVYTAPTLSQSDNWLLWMSLAGGGAAA
LCASISAVLLALCVCGGTRRHSAREKVKLONSTSFGDQEKKLLDLSVTTTTPGNSNDRGSGHGSIVEACS
TGDLELAERGSICDPMNAATVTVERLRPEVSSSSISAMRSVPCAAIFPPPPPEFTSGVLPAGIEFGNIFIS
VSVPODSSDRCYPDLLDIPVHGTSGVLNKTTSALPAASSVSSFATLPRRALRSSDLCSPYDNMGPRVTAN
GSSAFSLTDVDLRLSPPPPPRIIQPPHEFVSL

Acromyrmex echinatior (New world ant)

>AechinKo6
MLVTRPHPLGGRILLALFLLTGCFALLSRAAAFPDWTDCPAVCRCKWTSGKKSALCPDAGLTSLPASLDP
DMQVLDLSGNKIPALKEEIFKLAGLVNLQRVFLRNAGIYNIHANSFKDMRILIEIDLSDNHVTVLKPDTF
LGNERLRILILSGNPLGTLRNLQFPVLOHLRNLELQRCSLTEVHGQAFARLTGLEFLKLDTNQLEYLESS
VISGLSRLKTLTLDGNQWRCDCRLRDFRTWLIPDVPSKLYSVPQICSGPPRLEGRRWEDVKPTEFACEPK
VEVLASSIQEETNGNLSLACRTSGDPEPEVWWQLNGGPVNATKSTDQPYMGTLVIYATSEAGIPSNDKSA
SRTVGDRWSNLTVYNASDSDAGEYACFAKNIAGLARDTVSVAIPRVYTAPTLSQSDNWLLWVSLAGGGAA
AACASISAVLLVLCLCGGNRRHSKREKVKLOSSSSFGDQEKKLLDLSVTTTTTPGNSNDRGSGHGSIGEA
CSTGDLELAERSSICDPMAAAAVTVERLRPADNSVNTIRAVPCTATATAGIFPPPPPEFTTGVLPAGIFG
NIFISVSLPODASSERCYPDLLDIPVHAVSGATTTVSTGGKTAALPSAAAINVSSFATLPRRALRSTEVA
AGSPYDNMGPRITANGSSAFSLTDMTDMDLRLSPPPPPRIIQPPHEFVSL
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Nasonia vitripennis (Pteromalid parasitoid wasps)

>NvitriKe
MTRSORVLALEVLVASWRALLSRAAAFPDWTDCPAVCRCRWTSGKKSAFCPDAGLTSLPASLDPDMQVLD
LSGNQIPDLOAETFKHAGLLNLQRVFLRNAGIRKIHADAFKDMRILIEVDLSDNHVLSLEPHTEFTGNERL
KLLVLSGNPLGQLKPSQFPKLOHLKNLELQRCALKRVHALAFOQWLPALETLSLDNNELEYLEATTLAPLK
HLKTLGLDNNPWSCDCHLRDFSRLLVTNMSRLYSVSQSCISPAKLOGRRWEDVAPKEFACLPTLKLPANA
IOEEMNGNVSLACEVTGDPAPEVSWHLNGVPINGTKRIGDDVGPQGGLWVWSDSIKTKNNLVERWRNLT I
YNASDVDAGEYTCHAENIAGLVRDTVIVSIPRVFTAPTLSQADNWLLWLSLAGGGTVALCVSASAVLLAM
CLCGGARRRSRRAKVKLOASASFGDOQEKKLLDLSVTTTATTTSQQHSQHNQSQSROQOAPAPIQADLNHC
QPEFELELEPRLIEEQRLVGQSSASVTIERLRLOPDACGSPPPSSNSSSVICPVAVAAAAAAAARAQLPA
NIYISVSLGNGAPNQEAAPVAVAAAASLQAAELQVHERCYPDLLDIGLSSFATLPRRCRRPGELGSPYDN
MGPRVTATGSSTESLVEQPEPSIAVAAPLIQPPPEEFVSL

Linepithema humile (Argentine ant)

>LhumK6
MLVTRPHPLGGRILLALFLLTGCFALLSRAAAFPDWTDCPAVCRCKWTSGKXSALCPDAGLTSLPASLDP
DMQVLDLSGNKIPELQAEIFKRAGLVNLOQRVEFLRNAGIYSIHADSFKDMRILIEIDLSDNHVTSLEPDTF
LGNERLRILILSGNPLGTLRNTQFPALQHLRNLELQRCSLTEIHGQAFSRLTGLEFLKLDGNHLEYLEAS
VISNLSRLKTLTLEGNQWRCDCRLRGFRTWLIPEAPSKLYSVPQICSGPQRLEGRRWEDVKPVEFACEPE
VEVLASSIQEETNGNLSLACLATGDPEPEVWWQLNGGPVNVTKSTDOSYTGTLVVYTTSEIGSVTSDKSA
SSKIVPDRWSNMTVYNASDSDAGEYVCFARNIAGVARDAVNVAIPRVYTAPTLSQSDNWLLWVSLAGGGA
AAACASISAVMLALCLCGGSRRHSKREKIKLOGSSSEGDQEKKLLDLSVTTTTPGNSNDRGSGHGSLGEA
CSTGDLELAERGSICDPMAAAAVTVERLRPAESAVNAIRTVPCASTPAGVEPPPPPEFTTGVLPAGIFGN
IFISVSLPODASSERCYPDLLDIPVHAVSGAATGVVTTGSKAILPATSTVNVSSFATLPRRALRTSETIATL
GSPYDNMGPRITANGSSAFSLTDMDLRLSPPPPPRITIQPPHEFVSL

Diaphorina citri (Asian citrus psyllid)

>DcK6
MLAVVVILLAACLGTTGSPDWTDCPDTCRCKWTLGKKSALCKDANFTALPSTLDSDIQVLDLNNNKISYL
TKEAFKSIGLLNLQRIYLKNSGIREVHRDTFKYLTILVEVDLSDNQIAWLHQDTEFLGNDRLKVLYLNGNP
ITELRAGQFPKLPYLKTIELQHCQIHSVHKDALTHLTALESLNLNGNRLKHLSESVFFPTPNLKTLSLDG
NPWCCDCHLRSFRNWLLKSKLYSHPLSCTEPGMLQTKHWDDVKAQEFACPPNVTIKESMVIREAGGNVTM
SCYVYGDPEPTILWLLNGOQVLHNSSEFDLLEEEEGDALFEKSVSITLENVTDLDAGEYTCYAENIRGNASG
EISLDLPEINLATTLSKTDSWYMLVLGISVCVVSVIVSIGMSEFCVCRAHEHKNKRRKRKGKMKOSVSEND
QEKKLLDVSITTTDRHTGSCEALGSQPDMELIEQSLAMEQPPVHITIESHAVDPQVSVEPPPPEEFSSNHL
PTSTYGNIFISVSVSQEPPGSDPPKYPDLIDMPHRSVSVGTGPGTNPAYFATLPRRPRSKVIEPSSLVRV
GPKYDNMGPRVTAGGASILSLPDATSTEDIPSPPPPPTLCTPLGVEYVSL

Cimex lectularius (Bed bug)

>C1lK6
MMWAVRVLLLGVVCREVLAAPDWTDCPSTCSCKWTSGKKSALCRYAGFTAIPDTLDSDMQVLDLTGNEIP
FLTKDAFKSVGLLNLQRIFLKGAGVRELHSDAFKKLTILVEVDLSDNLIATLHONTFAGNDRLKVLYLNG
NPITELKPTQFPHLPHLKTLEMQHCQITEVNRDAFLHLPALEYLNLNGNRLKKIAETVFLPLSKLKSLSL
DGNPWKCDCDLRGFKNWLLSSNLYSHPLVCTEPSALVSKHWQDIKPLEFACPPEVSVSDSMLQEETGMNV
TLKCRVRGDPEPHVSWLENGHSIGNGTLHNQDQILLIEEEDGEVKAEKWSSLSIINVSEADAGEYTCVAK
NIRGOAATNVSLLLPEVVIATTVSKNENWEVWIVWATSCAVLIVTAATASCIVIRVRHNNARFRRKNNLK
TTTSYTEQDKKLLDVSITTTDRQTGSCEGLGSQTDMEFLEHSLOSIPVEMCDQPVHITIESHSAEPAVSV
YOPPPEFSRSILPAGAFGNIFISVSVSQEPTVESPRYPDLLDLPHRKTVAVATDNSYFATLPRQPRIKET
EPVLRVRPQYDNMGPRVTAAGSSTISLPDSANAEEDIPPPPPPPNCTPLTVEYVSL
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Halyomorpha halys (Brown marmorated stink bug)

>HhK6
MWVVQLLLLGVASCIVLAAPDWTDCPSACSCKWTSGKKSAFCTHADFTTIPSSLNSDMQVLDLSGNKIPY
LNKEAFKSVGLLNLOQRIFLRGSGVHELHSEAFKELTILVEVDLSDNLISTILHKDTFAGNDRLKVLYLNGN
PLTELQAAQFPHLPYLKTLEMQHCQIARIHKDAFKHLPSLELLNLNGNRLKQISESVFLPVTKLKSLSLD
GNPWKCDCELRGFRNWLLSSNLYSHPLTCTEPASLSSQOWEDIQPLEFSCSPSVHVEETMIQEEPGGNIT
LKCRILGDPEPEVIWLENGRVLGNSTMDQILLRQEEDGDVKPEKWTTLNIMNVSEDDAGEYTCSAKNIGG
QAAINVSLILPEVITIATTLSKSDTWEMWAVWAGSGSGGVIFITLAVCLICRFRGGSSRYVROGKIKQSES
YTDODKKLLDVSITTTTDRQTGSCEGLGSQADIELLEHSLOSIPLEVCDPVQITIESHSAEPVSVYQPPP
EFSTSILPPGAFGNIFISVSVSQEPPDAPRYPDLLDLPHRKSVSVATEPYFATLPKROPATRLKETEPVL
RVGPQYDNMGPRVTACGSSTISLPDSTSADDIPPPPPPPNCTPLTVEYVSL

Acyrthosiphon pisum (Pea aphid)

>ApKo6
MPGGOQPVQLIVMVLVYCGTTEGDWADCPTPCQCKWSSGKKTALCKDADFTDIPLSLDADMQVLDLSSNNL
RHLPEDAFKKVGLLNLORVFLRGCGIHNVHKDAFRELKILVELDLSDNLIGSLHQETFQGNERLRVLYLN
GNPLTEIKEVQFPVLOHLRTLELQHCQIKRIHRDAFLHLSSLESLNLNGNLLKWLSETVFLPISKLKTLS
LDGNPWVCDCHLRSFRNWEVSSNLYSHPLSCIEPNVLSGSRWENIKPPEFACPPVVKIDRNSVLEDAGNI
TEFTCKVIGDPEPEVSWYFNGHSIDNYTDRMDENRTWLDNNRMWSALHIFNVSDVVAGEFTCEARNSRGOM
SANVSLALPEVAVATTLSKSKSMYLVIVCVAASATVLLEVIGLTCCVCQVKKSGGRRDSKTNEFKGSTSES
DADKRLLDASISTTQAGSCEMLGGSSCQDLELIEQSLONIPLAAVCDQQPVHITIESHDPNSSLSLYPPP
PEFSTSILPSVSGEGNIFISVSVSQEPPDPESRYPDLLDMKHROKQSVSVGTSSTHHIPPASSYYATMPR
KKRIIDHQSIKSVMPHYDNMGPRITATGSCTNLSSLSNSGESSDDIPPPPPPPLCTGHTDYVAL

Pediculus humanus corportis (Body louse)
>PhumpK6

MAGGVIASLLVLAAAWSVASPDWMDCPGPCRCKWS SGKKSAFCRDAGLTTVPTLNADIQVLDLTRNIIPFE
LSKDLFKSIGLLNLQRIFLRNISLKEIHPDAFRNLSILVEIDLSENKIDKIHPNTFYGNDRLRELNLSGN
PLTELVGNQFPPLKYLKTIELONCYLNYINKDAFVNLPLLETLNLNSNQLNNVTENVFKLIKKLKTLKLD
NNPWKCDCALRDFRTWLLQSNLYSVPLTCMDPPSLSGLHWNDVSTEEFACSPKVTVTEVMIQEEVGNNVT
FKCHVTGDPEPDVMWLYNGKPVNGTANDOMYYEEKDGGLEKWVVMSIYNVSELDAGEYSCLAKNLRGSST
GNLTLMLPEVISATTLSKTESWLLIAGLIAGGVATFEFSITLTLVETEFCFCGRKRRRKRGRRKTELKGSVS
FTEQEKKLLDVSITTTTDRPSNSESVEQLNOPDMEMMESASIPLELCEPVHITIESHGTNNTNMVPLSVP
LTVFPPPPEFSTSVLPAGAFGNIFISVSVSQEPSSDTVIRYPDLLDIPHRSKNSSARVSVGGGGGGVGPS
EGGSLTTSQSYATFPRRPRPKSVTESNEPQVRLGPMYDNMGPRVTAGGSSTLSLPEVEESEIPPPPPPPP
PPLPPSLCLPLSVDYISL
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Daphnia magna

>Dmagnak5/6

>MATMT IMLKAVLMLFEFCLLAMLAGPVTADWTATCTAGCTCKWADGKKVAECPGAGEFTTIPENLSPEIQV
LDLRGNQLGVLVNRAFSSVGLLNLOQRIFLRNCSLTLVEKDAFHDLNIMVEVDLSHNQLHRFHPETETNNE
KLRSLSLSHNPLEKLEAHQFPPLPNLRSLELVKCQLEMVDKKAFMHLSKLETLKLSANKFTNLKPEVFLP
LNKLKSLDLODNPWNCDCRLLALRDYLSEANLNSTLTLCTEPEHLKGKPWSRLAAEDFACKPLIDVNEPH
VEGRLGFDVTFSCRVSGNPPPTIWWVLONRQIVNTTTASQSEQFVIROSTHPTKINPSIASLHAEPQQPE
FEYWSNLTLRRISEQDAGQYRCIARNKGGQVDANVSLOQTPPAPVTILIEGETGLMSYTTATITLAVVGALV
LLVGLVLLIVCLVRRVPKRKQPQPRDGSAAKLNGSAKTVNGNGSIAAVSEQEKSLLDIEMDQHTSLQONAS
TDGYHAVSQTDIDAQQHMOMOLOLRHOOLOQOOOOOOMRMMHGSNTYIPGDRYDTSRVPESLTRHLMMLD
GCQVQONPDGSFYPDLLDIPHRGARGGGSPSTHSGASNETANQOQOQOHMMMSTLSAAQLAGHPSYGVIGLH
PPLOFTDSSSTTSSTAVLLPVGARPGYVTLPRRPRPRMPSWASSPPPMSSSSPGPGSLPAEEPQQPLYDT
IGPRVTADGSSTSALSLNKIAGLTPNPSSGLSPRMOSSTLSRGHKISLPAYYVPIEEVDIPPPSPLVQQOR
RDHQQOSTPNILSNGQYEDHHHHHHRMGREPVLGYEFNNNNNSSTPIRRADDSETQHLLNDSSTPTSANTSY
SNAAPEVISPIPDFRTAGSRASVSSLSSNTGLRRKIAPAVPPKPPGSIVVARPASVVPYHDDVASPAKVA
PKPPPKPKKRLSTTGDSVKLEDLENGGGDSGGQAAYEDEGEDGTEV
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APPENDIX B: BoxShade Outputs

Kek1 BoxShade Outputs

>Fraction of Sequence:

DmK1
AgK1l
PxK1
consensus

DmK1
AgK1l
PxK1
consensus

DmK1
AgK1l
PxK1
consensus

DmK1
AgK1l
PxK1
consensus

DmK1
AgK1l
PxK1
consensus

DmK1
AgK1l
PxK1
consensus

DmK1
AgK1l
PxK1
consensus

DmK1
AgK1l
PxK1
consensus

1
1
1
1

61
42
37
61

121
95
88

121

149
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105
181

203
212
157
241

247
272
190
301

307
314
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367
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207
421
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>Fraction
DmagnaKl
PhumpK1
DmK1
AmKek1l
LhumK1
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DmagnaKl
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DmK1
AmKekl
LhumK1
consensus
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DmagnaKl
PhumpK1
DmK1
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IG------ DDHSQQPSVMI/APEACFSSTTSL———————————————————————————

IS--———- DDQSQSAVAA IPGLGCFSSTTSL-——————=———————————————————
f 1l g

LAKPPTQ-———- HLAAA-—-————————————— - ————— GAXLTIERQ

LPTPDOQOINYYRTLP-——-—————— NKRSEKFSAANHLKSASREAEFIESSSHS-NPYDYN

QHNHQLOMHPLOQLOQQLTSTLNHOKQEESSTGSS)gH-—-jaSSRTLPRIEHEGSGGEGSSRS
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APPENDIX B: BoxShade

AmKekl 112 ———————- MPIDN-—-—-—--- PDLIRDTRRESAEDITlE-—--}4{GGADYSRMEVVDD-A2KILYS
LhumK1 112 ———————- MPIDN-—-—-—--- PDLIRDTRR STEDITE——— GVADYGRIVEAIDDAEKMLYS
consensus 361 a P f 1 a

DmagnaK1l 307 PPAPTT---EDPSIQQQQQQQQH----N SSSCYGSKANSSAESSPVATSSNT GAlFﬁ'
PhumpK1 225 PSNVRYTLEGYPCHQQQQQPQOPPPERINYSPSECEG-—-—-—-—-——— TFIPS)g————-— PAANK
DmK1 335 --SPT----PAISGGH--ANQAANEST-:SSSCSI---—-=-=---= LPNGOQOJRTN TI WO,
AmKekl 154 --SCMWEA-RDTCRTT--VPVSTYESKEILAVVAP-—-—————— MVEQF)I4PG WO,
LhumK1 155 --SCLWEA-RDTCGRTSAVITVNAYIESIKEQLAAVAP-—-——————— VVEQFPPG WQ
consensus 421 Ps s wq

DmagnaK1l 360 QR————PGl|——————————— = —— ——

PhumpK1 271 122 CDEINNOQWOCVNAQQSRATDINADGIMOOOQOQQCSMSSKKTQAVL TESIMNNE
DmK1 377 KG@/pp g TILKRAL————————————————
AmKekl 200 K-@/pp/ = SINLKRV,————————————————
LhumK1 203 K-@/p) /= SINL KRV, —————————————

consensus 481

DmagnaK1 383 MOINAPLTFEFKYSIGLRLIENWLRKKHVPPAPLEHAEDHDIVSIVERKV

PhumpK1 331 MVGDTTESGDI-———————————————— - ———————————————————
DmK1 405 MOWGCGTDV-———————————————————————————————————— — ———
AmKekl 226 MOHGTGTDV—————————————
LhumK1 229 MOGTGTDV————————————————— == ————

consensus 541
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APPENDIX B: BoxShade

Kek2 BoxShade Outputs

>Fraction of sequences:

PxK2
DmK?2
AgK2
consensus

PxK2
DmK?2
AgK2
consensus

PxK2
DmK?2
AgK2
consensus

PxK2
DmK2
AgK2
consensus

PxK2
DmK?2
AgK2
consensus

PxK2
DmK?2
AgK2
consensus

PxK2
DmK2
AgK2
consensus

PxK2
DmK?2
AgK2
consensus

PxK2
DmK2

1
1
1
1

26
53
48
61

61
112
78
121

102
170
134
181

135
215
193
241

184
268
240
301

222
327
295
361

267
376
338
421
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SL
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kf
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d EF

=

Y TLPH r Q

VSGNEIHML - [ep g5V VNRPVPFA--GNGNMFIAQP---GPL
QLPNVEIEFHA - EM2000000000LO0QQ0LOLOOQHQFPSP

4OV PIT-——————————
EMKS LA-——————————
EO4KG I VHPVAYMSSAAAA
PeGY e
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s aw A v P
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AgK2
consensus

PxK2
DmK2
AgK2
consensus

>Fraction of sequences:

PhumpK?2
DmagK2
ApK2 (a)
consensus

PhumpK2
DmagK2
ApK2 (a)
consensus

PhumpK?2
DmagK2
ApK2 (a)
consensus

PhumpK2
DmagK2
ApK2 (a)
consensus

PhumpK?2
DmagK2
ApK2 (a)
consensus

PhumpK?2
DmagK2
ApK2 (a)
consensus

PhumpK2
DmagK2
ApK2 (a)
consensus

PhumpK?2
DmagK2
ApK2 (a)

393
481

348
468
450
541

1
1
1
1

38
47
57
61

72
83
107
121

117
135
145
181

151
195
188
241

195
251
241
301

255
304
297
361

291
363
338

APPENDIX B: BoxShade
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consensus

>Fraction of sequences:

DmagK2
DmK2

H1K2

DcK2
consensus

DmagK2
DmK2

H1K2

DcK2
consensus

DmagK2
DmK2

H1K2

DcK2
consensus

DmagK2
DmK2

H1K2

DcK2
consensus

DmagK2
DmK2

H1K2

DcK2
consensus

DmagK2
DmK2

H1K2

DcK2
consensus

DmagK2
DmK2

H1K2

DcK2
consensus

DmagK2
DmK2
H1K2

421

1

= e

54
53
24
28
61

72
113
63
75
121

121
170

95
118
181

175
211
114
155
241

230
271
162
198
301

272
328
198
239
361

330
381

APPENDIX B: BoxShade
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APPENDIX B: BoxShade

DcK2 272 ——=————- LOGQOPMOSNPPTETTTKNEQTWTESSADEQPSTSNPEKSNENKSEGFQAKRHM
consensus 421

DmagK2 361 TGGAPSSP-LDVSINDAS-----— SSSPGFLCSSTLQRQPH IPGTETI
DmK2 436 DESEASSPRLEEAAGSAAPPAGEEESSDTAKLKQLNGPLA QETSDI
H1K2 262 PRSLLS-KTA-REAAAAAAA-———————— RAEDLQPPHHP MV ———
DcK2 325 IDSLLK-NRD-VKVGSHLHP----————— HRGLMLPPVLT PIETTEM
consensus 481 eSPDEGY eg d
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APPENDIX B: BoxShade

Kek3 BoxShade Outputs

>Fraction of sequences: 1.0

DmagnakK3
TcKeK3
ApK3

C1K3

DmK3
consensus

DmagnakK3
TcKeK3
ApK3

ClK3

DmK3
consensus

DmagnakK3
TcKeK3
ApK3

ClK3

DmK3
consensus

DmagnakK3
TcKeK3
ApPK3

ClK3

DmK3
consensus

DmagnakK3
TcKeK3
ApK3

ClK3

DmK3
consensus

DmagnakKk3
TcKeK3
ApK3

ClK3

DmK3
consensus
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61
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53

115
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113
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170
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145
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DmagnakK3
TcKeK3
ApPK3

C1lK3

DmK3
consensus

DmagnakK3
TcKeK3
ApPK3

ClK3

DmK3
consensus

DmagnakK3
TcKeK3
ApK3

C1lK3

DmK3
consensus

DmagnakK3
TcKeK3
ApK3

ClK3

DmK3
consensus

DmagnakK3
TcKeK3
ApK3

ClK3

DmK3
consensus

DmagnakK3
TcKeK3
ApPK3

ClK3

DmK3
consensus

199
205
129
288
361

212
251
260
174
344
421

260
279
308
223
395
481

281
299
368
246
421
541

331
343
428
290
468
601

372
402
476

519
661

APPENDIX B: BoxShade
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APPENDIX B: BoxShade

Kek5 BoxShade Outputs

>Fraction of sequences: 1.0
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PxK5
TcKeKb5
consensus

DmK5

AgK5b

PxK5
TcKeKb5
consensus
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PxK5
TcKeKb5
consensus
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1
1
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151
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268
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