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Abstract

The honey bee is a beneficial insect to humans in various aspects, for example they
provide food products like honey, royal jelly, bee wax and propolis used in cosmetic industry as
well as pollination services worth $200 billion annually. In the last decade, the global honey bee
population has declined at an alarming rate, with a roughly 40% decline in the honey bee
population in the USA alone. This decline, commonly called colony collapse disorder (CCD) has
been caused by various factors, in particular Varroa mite infestations. Various natural and
synthetic acaricides were used in the past to control the population of Varroa mites. However,
the development of acaricide resistance has made it difficult to control the mite infestations over
the years. The development of novel chemistries against the Varroa mite is not an easy task due
to stringent constraints of direct and indirect effects on long-term human health through bee
products. One of the possible targets that could be exploited for novel chemistries is the
neuropeptide signaling system. Neuropeptides are the signaling molecules for modulating critical
physiological processes like growth, development, reproduction, and metabolism. We aimed to
identify a specific neuropeptide signaling system present in the Varroa mite, but absent in the
honey bee using the comparative genomics. Our study focused on conducting the bioinformatics
analysis of the neuropeptide signaling system in Varroa destructor and Varroa jacobsoni. We
were able to identify 29 and 31 genes that encode neuropeptides in V. destructor and V.
jacobsoni, respectively. In addition, we identified 27 G protein-coupled receptors that putatively
function as neuropeptide receptors. ACP, Allatostatin B, Glycoprotein hormone Beta 5 (GPB5),
Proctolin, Natalisin are the neuropeptides for which gene sequences were found in V. destructor

and V. jacobsoni, but were missing in the honey bee.
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Chapter 1 - Introduction

Arthropods

Arthropods are the most diverse group in the animal kingdom, comprising over 1.2
million species (Giribet and Edgecombe, 2019). Members of this group include the arachnids,
crustaceans, insects, and myriapods. Arthropods are a very successful animals on earth as seen
by their high diversity in habitat distribution (land, water and air), high biomass (80% of all
living organisms), and large number in species (Zhang, 2013).

The word arthropod is derived from the Greek root words "arthron™ and "podos,"
meaning joint and foot/leg, respectively, as all arthropods have jointed limbs (Theodor, 1845).
Segmentation of the body is seen in arthropods, which helps with classification and
distinguishing between various taxa. Insects are identified by their three segmented body; Head,
thorax, and abdomen, while crustaceans (e.g. crayfish) or arachnids (e.g. spiders, mites, ticks)
have two body segments; cephalothorax and abdomen. A continuous, rigid, chitin, and protein-
rich layer called an exoskeleton covers these segments of arthropods as opposed to soft-bodied
animals. The exoskeleton protects the arthropod from predation, desiccation, and waterlogging.

Some arthropods cause a significant economic burden as agricultural pests. These pests
cause direct damage by spoiling around 18%-26% of global annual crop production, valued at
$470 billion (Culliney, 2014). In addition to the direct damage, infested crops also suffer from a
loss in quality through reduced nutritional content, reduced market quality, and toxic pest
contamination. Other arthropod pests are known for their ability to transmit disease-causing
pathogens (such as viruses, bacteria, fungi, nematodes, etc.) to humans and animals. Insects are
the vectors for diseases, including but not limited to malaria, chagas disease, yellow fever, and

dengue fever. Arachnids are also vectors for diseases including lyme disease, anaplasmosis,



babesiosis, typhus and ehrlichiosis. Apart from diseases, arthropods cause injury via biting,
envenomization, and producing allergic reactions.

Aside from the negative impacts caused by some arthropods in agriculture and health,
there are many beneficial arthropods that serve essential ecological roles, such as predators of
pest species, pollinators, and providers of economically valuable by-products used in different
industries. For example, arthropods such as bees, wasps, ants, moths, and butterflies, are primary
pollinators for various crops. Predatory arthropods, including the predatory mites and whip
scorpion, control the infestations of multiple agricultural pests like aphids, whiteflies and
cockroaches, and crickets, respectively. Arthropod-based by-products such as spider webs
(spider), and silk (caterpillar) are used to make fishing nets and in the textile industry,
respectively (Meyer-Rochow, 2019). Additionally, by-products from bees, such as bee wax and
propolis, are used for making candles, furniture wax, polishes, waxed papers, and antiseptics.

Honey bees are one of the most beneficial arthropods to humans. Honey produced by
honey bees serves as a food source. Other honey bee by-products are used in various industries.
Additionally, honey bees provide economically valuable pollination services for numerous
agricultural crops including fruits, nuts, and oilseeds, that make up approximately one-third of
the western diet (Brutscher et al., 2016; Klein et al., 2007). The annual estimation of the
economic benefits of insect-pollinated crops is evaluated at $175 billion globally, and around
$17- 18 billion in countries across North America and European Union (All6 and Loureiro,
2013). To put it in perspective, the world’s largest pollination event takes place in the almond
fields of California Valley every year in February. Around 1.6 million bees participate in this
pollination event. The region alone produces 80% of global almonds, worth $4.8 billion

(Brutscher et al., 2016).



During the last two decades, honey bee populations have gradually declined due to
factors like ectoparasitic Varroa mite infestations, diseases, nutrition, pesticides, and
socioeconomic factors. The Varroa mite transmits various single-stranded viruses to infested
honey bee colonies through their ectoparasitic feeding behavior, causing paralysis in bees which
in turn causes population drastically declines. This decline is termed Colony Collapse Disorder
(CCD) and currently accounts for 10% honey bee loss (https://beeinformed.org/). According to
the National Survey concerning the loss of honey bee populations in the US from 2018 through
2019, there was a reported loss of 38% of managed honey bee colonies during the winter season
(1st October 2018 — 1st April 2019). The average rate of population loss increased by 7% from
the previous year's rate, marking the highest decline during the winter since the beginning of the
survey (in 2006-2007). During the summer season (1st April 2019- 1st October 2019), an
estimated 20.5% decline was reported, slightly higher (+3.4 %) than the previous years. In total,
there was an average annual estimated loss of 40.7% of commercially managed honey bees

during 2018-2019 (https://beeinformed.org/). If the average rate of loss of the honey bee

population continues to increase in the future, the world will lose various economically valuable
assistances from these beneficial arthropods. The currently used acaricides are ineffective in
limiting Varroa mites infestations due to the development of resistance in the mites (Hillesheim
et al., 1996; Maggi et al., 2009; Milani, 1995 and 1999). Another complicating factor is the lack
of knowledge of the biological systems in the Varroa mite. Increasing the knowledge of the
fundamental biology of the Varroa mite will help us in finding a better and efficient control

strategy against mite infestations.


https://beeinformed.org/

Varroa mite

Varroa destructor and Varroa jacobsoni

Varroa mite (V. destructor and V. jacobsoni) belongs to Phylum Arthropoda, Class
Arachnida, Subclass Acari, Superorder Parasitiformes. Parasitiformes contain mites that belong
to the order Mesostigmata with the extreme diversity of 11,632 described species (Selden, 2016)
Mesostigmata is further divided into 12 Suborders, and the Varroa mite belongs to Suborder
Dermanyssoidea and Family Varroidae. Varroa mite has an envelope-like body (without visible
segmentation) as a characteristic feature, opposite to what is typically seen in other arthropods.
The Varroa mite complex contains two different species i.e., Varroa destructor and Varroa
jacobsoni, which act as ectoparasites of honey bees. V. destructor parasitizes the Western honey
bee Apis mellifera while V. jacobsoni parasitizes the Asian honey bee Apis cerana Fabricius
(Anderson and Trueman, 2000).

The Varroa mite has three developmental stages: egg, nymph, and adult. The eggs are
minute-sized (0.30 mm long and 0.23 mm), white-colored, and oval-shaped. Nymphs have two
different forms: protonymph and deutonymph. The protonymph form is white-colored, has
pointed mouthparts and eight legs. The protonymph form molts into the deutonymph form,
characterized by their reduced setae. A protonymph can be differentiated from a deutonymph
based on its circular body shape compared to the oval shape of the deutonymph (Anderson and
Trueman, 2000). The life cycle of the mite completes with the final molting from a deutonymph
to an adult. The Varroa mite (both nymph and adult stage) feeds on the honey bee's fat body for
its growth and development (Ramsey et al., 2019). The life cycle of a Varroa mite begins with
the invasion of the bee brood cell by the adult female Varroa mite. The female Varroa mite will

lay eggs only after the honey bee brood cell has been capped. After 70 hours from the capping of



the bee brood cell, an unfertilized egg is laid, which hatches into a male Varroa mite (Huang,
2012). This hatching is based on the haplodiploid sex determination mechanism, where an
unfertilized egg hatches into a male offspring, whereas a fertilized egg hatches into a female
offspring. The hatched male will then mate with adult female Varroa mite, which result in
propagation of the mite population in the hive. Female Varroa mites lay 5 (in worker/female bee
brood cell) — 6 (drone/male bee brood cell) eggs on average. Most males and immature mites fail
to emerge from the bee brood cells as these mites die due to dessication in the opened brood
cells. Only fully developed and sclerotized adult female mites emerge from bee brood cells.
Female mites that have emerged usually go through two phases: the phoretic phase and the
reproductive phase. During the phoretic stage, the mites feed on the honey bee's abdominal
intersegmental regions by puncturing the soft tissues in this region. The duration of the phoretic
stage is determined by the availability of the colony’s brood population. It can last anywhere
from 5-11 days (when bee brood is available) to 6 months in cold climates (during non-
availability of the bee brood). Mites are transferred between bees in the hive during their
movement, which spreads the viruses throughout the bee population. Mites can also be
transferred to another colony for the following reasons: an infested bee drifts into a nearby
colony located near the original colony, infested bees swarm to different locations with other
colonies, or a healthy colony transfers to a weak colony.
Varroa mite as the vector of honey bee viruses

Apart from being an ectoparasite, the Varroa mite is an efficient vector of bee viruses.
Viruses are transmitted within the honey bee population in three stages:

e acquisition of the viral pathogen from infected bee tissues

e movement of the virus-carrying Varroa mite among different bees within the colony



e and finally, transmission of the virus into a new healthy bee while feeding on its fat
bodies.

Although Varroa mite is an efficient vector, secondary conditions such as the presence of
pathogen in the mite infested site, the pathogen’s survival, the susceptibility of the receiving
bees, and whether the mite is a biological vector or a mechanical vector, i.e. whether the virus
replicates inside the mite or not, all affect the vector’s efficiency (Gisder et al., 2018; Posada-
Florez et al., 2019).

The Varroa mite is an efficient vector of at least five debilitating bee viruses (Ramsey et
al., 2019). Deformed Wing Virus (DWV), Acute Bee Paralysis Virus (ABPV), Kashmir Bee
Virus (KBV), Israeli Acute Paralysis Virus (IAPV), and Slow Bee Paralysis Virus (SBPV) are
among the viruses vectored by the Varroa mite (Moore et al., 2015). The majority of these
viruses are single-stranded RNA viruses classified as members of the Family Flaviviridae. Mites
transmit viruses throughout the colony when they migrate from one from one bee to another.
DWV is highly prevalent in Varroa mite infested colonies, with 100% of the bee population
infected and virus levels in the bee body being extremely high (de Miranda et al., 2010; Ramsey
etal., 2019).

Controlling DWV infection is directly linked to mite parasitism, as horizontal
transmission of the virus by the mite increases virulence and subsequent genetic alterations in the
virus, which have a significant impact on the bee hive population (Martin et al., 2012; Wilfert et
al., 2016). In a colony, adult bees with a DWYV infection have deformed wings, shortened
abdomens, and discolored cuticle in adult bees. Additionally, bees infected with DWV exhibit
altered foraging, aggressiveness (Fujiyuki et al., 2004), and learning behavior (Igbal and

Mueller, 2007). As a result, the colony’s strength is significantly reduced, and the colony



eventually collapses. DWV can be transmitted horizontally or vertically. The remaining three
viruses, i.e., Acute bee paralysis (ABPV), Kashmir bee virus, and Israel acute paralysis virus
(IAPV), form a complex. These viruses are related in terms of the life stages of honey bees they
infect and their transmission routes. These viruses infect the honey bee’s pupal and adult stages.
These viruses are highly virulent because they may rapidly change their titer level in the bee’s
body from low to high. These are frequently related with colony collapse and can be quite
destructive in the colonies afflicted with Varroa mite (Genersch, 2010; Genersch et al., 2010).
Current Varroa mite management

With honey bees suffering from Varroa mite infestation, several control strategies, such
as physiological, biological, and chemical are used to eradicate the Varroa mite. Physical
methods include the use of mite traps, screened bottom boards, and powdered sugar method.
Chemical methods employ both synthetic acaricides such as amitraz and coumaphos as well as
natural acaricides such as formic acid, oxalic acid and thymol (Adnan et al., 2019). Numerous
oils derived from plants such as cinnamon oil, citronella oil, and eucalyptus oil are used to
reduce mite infestations (Adnan et al., 2019). However, comprehensive control is not attainable
with existing strategies. Currently, chemicals are a major component for limiting Varroa mite
infestations, however their widespread use has resulted in the development of resistance in the
mites. Additionally, honeybee products are contaminated with chemical residues (Adnan et al.,
2019). As a result, we must develop alternative effective management measures for the Varroa
mite in order to address the problem of colony collapse. Alternative control systems could
include mite-specific neuropeptide signaling systems that regulate critical physiological

processes in the mite. Control strategies targeting the mite-specific neuropeptide signaling



pathway that results in altered physiology and behavior in adult mites could be devised using a

biorational design approach.

Neuropeptides in arthropods

Neuropeptides and Neuropeptide repertoire

Neuropeptides are a diverse family of signaling molecules that are involved in the
regulation or modulation of arthropod development, growth, reproduction, metabolism, and
behavior. These signaling molecules can operate as neurotransmitters in invertebrates in
association with the neuromodulation (Nassel, 2018; Nusbaum et al., 2017). In arthropods,
molecular signaling involves complex processes supported by many genes that encode peptide
precursors (prepropeptides) and receptors (Hauser et al., 2006; Hewes and Taghert, 2001; Néssel
and Zandawala, 2019).

A neuropeptide is a signaling molecule that possesses the following characteristics: gene
expression, endocrine, and neuronal biosynthesis, storage and controlled release, and ability to
regulate functions via interaction with the receptor. Apart from the central nervous system,
neuropeptides are also expressed in peripheral tissues, in sensory cells, and in some specific
cases, in glial cells, muscle cells, embryonic progenitor cells, and other cells (Nassel and
Zandawala, 2019). In general, the molecules are synthesized through transcriptional and
translational activation of genes encoding large precursor proteins (prepropeptides or
preprohormones), which are then processed at specific cleavage sites to generate shorter and
longer peptides. These precursor proteins contain a variety of components, including signal
peptides at the precursor’s N-terminus, an active peptide, and mono or dibasic amino acids
surrounding mature peptides. Signal peptides are a short chain of amino acids, about 20-25 in

number, present at the precursor protein's N-terminus. The signal peptide facilitates the



translocation of precursor proteins into the endoplasmic reticulum’s lumen. As the protein is
secreted, the signal peptide is cleaved from the propeptide. Prohormone convertase enzymes then
process the protein into a mature peptide by utilizing basic amino acids (such as lysine(K) and
arginine (R)). Additional posttranslational changes may include amidation at the C-terminus,
pyroglutamate cyclization at the N-terminus, and the creation of disulfide bridges. To amidate
mature peptides at the C-terminus, the peptidyl aminotransferase (PAM) enzyme utilizes the
glycine residue at the C-terminus as an amid donor (Burbach, 2011).

Around 50 distinct neuropeptide genes with unique expression patterns in cells and
tissues have been identified in invertebrates. Neuropeptide genes commonly identified in
arthropods are: adipokinetic and corazonin like peptide (ACP), adipokinetic hormone (AKH),
agatoxin, allatostatins (A, B, C, and CC), allatotropin, arginine vasopressin like, bursicon (alpha
and beta), carausious like peptide, cardio acceleratory peptide 2b (CAPA), crustacean
cardioactive peptide (CCAP), CCHamide, CNMamide, corazonin, diuretic hormone types (31
and 44), ecdysis triggering hormone (ETH), eclosion hormone, EFLamide, elevenin,
FMRFamide, glycoprotein hormones (alpha subunit 2, GPA2 and beta subunit 5, GPB5),
gonadulin (insulin like peptide 8), hansolin, insect parathyroid hormone (iPTH), insulin like
peptide, ion transport peptide (ITP), limostatin, kinin, myosuppressin (MS), natalisin (NTL),
neuropeptide like precursor (NPLP), neuroparsin A, neuropeptide F (NPF), orcokinin,
pheromone biosynthesis activating neuropeptide (PBAN), pigment dispersing factor (PDF),
proctolin, prothoracicotropic hormone (PPTH), relaxin, RFLamide, RYamide, SIFamide, short

neuropeptide F (SNPF), sulfakinin (SK), tachykinin (TK) and trissin.



Neuropeptide receptors

Neuropeptides for modulation of biological functions interact mostly with G Protein-
Coupled Receptors (GPCRs, metabotropic), but they can also interact with other receptors such
as Tyrosine-Kinase receptors (RTK) (Vogel et al., 2015), Peptide-gated ion channels
(FMRFamide-gated sodium channels, ionotropic) (Durrnagel et al., 2010), and membrane-bound
guanylate cyclase receptors (GC) (Chang et al., 2009). GPCRs, RTK, and GC are found in
insects, while Peptide gated ion channels are found in Snails and Hydra (Diirrnagel et al., 2010).
This study concentrated on GPCRs, the biggest group of neuropeptide receptors found in
mammals (Kroeze et al., 20032).

G protein-coupled receptors:

GPCRs (seven transmembrane domains) are integral membrane proteins that transduce
the extracellular signals (chemicals/ligands) across the membrane via interaction with trimeric
G-proteins. These membrane proteins are one of the most numerous and diverse protein families
found in mammals (Kroeze et al., 2003Z). The genomes of bacteria, yeast, plants, nematodes,
and other invertebrate species all contain the genes encoding GPCRs. GPCRs are classified into
five distinct classes: Class A (Rhodopsin type), Class B1 (Secretin), Class B2 (Adhesion type),
Class C (Glutamate type), and Class F (Frizzled) (Attwood and Findlay, 1994; Kolakowski Jr,
1994; Hu et al., 2017).

GPCRs regulate a broad range of physiological functions by reacting to and interacting
with cellular environmental signals (light, biogenic amines, neuropeptides, peptide hormones,
and protons). Normally, G-proteins are present in the trimeric form in the inactive state of the
receptor. Once a ligand binds at the receptor site, activation of the receptor occurs through

interaction with trimeric G-proteins (Ga, G, and Gy). Typically, the receptors usually interact
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with the Ga subunit through TM3, TMS5, TM 6, and intracellular loops 2 and 3 ( ICL2 and ICL3)
(Hilger et al., 2018). The Ga. (alpha subunit) mediates the exchange of cGDP (guanosine
diphosphate) with cGTP (guanosine triphosphate) and thereby activates the receptor. When the
receptor is active, the Ga dissociates from the GBy dimeric subunit. At the downstream level,
both Ga and Gy regulate the activity of different proteins. The activation of the receptor is
completed when cGTP is hydrolyzed back to cGDP, and the Ga reunites with GBy dimeric
subunit.

GPCRs are potential receptor target sites for discovering novel chemistry/insecticides for
use against destructive insect pests. Most of the available insecticidal classes have become
ineffective due to resistance development in most insect pests. This interest in arthropod GPCRs
is due to the great success of human GPCRs as drug targets. About 35% of pharmaceutical drugs
are GPCRs based, while a relatively very low number of chemicals/pesticides on the market are
GPCRs based. GPCRs, through their interaction with neuropeptides, regulate various vital
physiological processes essential for the survival of the arthropods. Hence, it is proposed that a
chemical compound that can disrupt GPCR mediated signaling is a potential candidate for pest
control. There is only 1 (formamidine from Class 19 ) among the 55 different insecticide classes
and 30 target sites recognized by the Insecticide Resistance Action Committee (IRAC) that
targets GPCRs.

Receptor Tyrosine kinase:

Receptor tyrosine kinases (RTKSs) are transmembrane glycoproteins present on the cell
surface that have a high affinity for a variety of growth factors, cytokines, and hormones. These
transmembrane proteins transfer the extracellular signals (in the form of growth factors) inside

the cell via enzymatic phosphorylation (Lemmon and Schlessinger, 2010). The general structure
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of an RTK comprises of a variable extracellular ligand-binding domain (a single hydrophobic
pass transmembrane helix) and an intracellular protein tyrosine kinase domain (TKD) (ligand-
binding domain, or ectodomain). Ligand binding domains or ectodomains interact with a variety
of ligands, regulatory cofactors, and other receptors. However, the intracellular part of RTKs
vary slightly and commonly contains a single highly conserved TKD. Members of the RTK
protein superfamily are involved in a variety of functions, including eukaryotic development,
driving cell proliferation, and homeostasis. RTKSs, in particular, are critical for controlling cell
shape change during migration and morphogenesis, controlling cell and organ growth control,
and maintaining and ensuring the survival of both developing and adult tissues.

Neuropeptides, including the ovary edysteroidogenic hormone (OED) and insulin-like
peptide (ILP), interact with members of the receptor tyrosine kinase family to regulate a variety
of functions by phosphorylating various downstream levels in the insulin signaling pathway
(Brown et al., 2008; Dhara et al., 2013). These neuropeptides have been implicated in the
regulation of egg formation in Aedes aegypti (Vogel et al., 2015). OED is associated with the
stimulation of the ovary, which results in uptake of egg yolk by oocytes, whereas ILP is
associated with the digestion of the blood meal and the provision of nutrient (like protein) to the
egg yolk (Vogel et al., 2015). Ecdysone, the steroid hormone, is associated with stimulation of
molting and metamorphosis (sexual maturity) in insects. Prothoracicotropic hormone (PTTH)
regulates the production and release of ecdysone (Ou et al., 2016). PTTH modulates this function
by interacting with Torso, a tyrosine kinase receptor found in the prothoracic glands of insects.
Torso activation via PTTH stimulates the phosphorylation of the cellular signaling molecules
associated with the mitogen-activated protein kinase (MAPK) pathway in the Prothoracic gland

(Lin and Gu, 2007; Rewitz et al., 2009).
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Functions of arthropod neuropeptides

Functional roles of neuropeptides in invertebrates encompass the regulation of
homeostasis, organization of behaviors, initiation and coordination of developmental processes,
and neuronal and muscular activity’s modulation. The number of functions associated with a
neuropeptide is species-specific, therefore the following discussion of neuropeptides and their
functions will generally hold true for most arthropods but may differ in certain cases.

Modulation of behavior

Neuropeptide-based modulation of the behavior is best described as inducing stereotyped
responses as a result of the stimulus induced production of unique motor patterns in neuronal
circuits. This modulation is dependent on both the environmental and internal state.
Neuropeptides alter the dynamics of neural circuit, hence altering the output motor patterns.
Further modulations include changes in the activity of neurons that comprise the circuit or in the
synaptic efficiency of the neuronal connections. The below sections describe how neuropeptides
influence a variety of invertebrate behaviors, including feeding, reproduction, learning and
memory, stress and addiction, circadian rhythm, sleep and wakefulness.

Feeding Behavior:

Feeding behavior involves a series of events that begin with invertebrates experiencing
low energy levels, followed by invertebrate seeking food (foraging activity). After finding the
food, the invertebrate consumes it until it achieves satiety. The amount of food consumed by an
invertebrate is determined by its internal and environmental states, age, and activity. Thus, it
indicates the potential involvement of multiple neuropeptides in this behavior. Through
neuropeptide injection experiments, one can investigate the effect of neuropeptide signaling on

the food intake behavior. Sulfakinin, for example, reduces food consumotion in a variety of
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invertebrates, including cockroaches, locusts, bugs, and flies. Sulfakinin’s inhibitory effect is the
result of its role in stimulating gut contractions (Audsley and Weaver, 2009). Sulfakinin injection
significantly reduces food intake in both the fifth instar and adult stages of the locust
Schistocerca gregaria (Wei et al., 2000; Zels et al., 2015). The effect of sulfakinin signaling is
mediated through short Neuropeptide F (SNPF), an anorexic peptide with high levels of
expression in the CNS. Numerous observations indicate that sulfakinin receptors and SNPFs are
colocalized in the corpora cardiaca of several insects (Predel et al., 2008: Mikani et al., 2012;
Dillen et al., 2014; Caers et al., 2015). Injection of the SNPF into silkworms considerably
accelerates the onset of feeding (Nagata et al., 2012).

Starvation mediates the increase in reactivity to various stimuli such as odorants,
repellents, and pheromones. According to reports, SNPF and CCHamide neuropeptides influence
the feeling of starvation (Schoofs et al., 2017). During starvation, flies’ antennal lobes exhibit
elevated levels of SNPFs and increased expression levels of SNPF receptors. This fact supports
the sSNPF’s potential involvement in food searching behavior (Root et al., 2011). However, some
findings indicate the opposite for SNPF. For example, the SNPF injections in Aedes aegypti and
Schistocera gregaria decrease host-seeking behavior (Liesch et al., 2013) and food intake
behavior (Dillen et al., 2014).

Allatostatins (AST) and Allatotropin (AT) were initially discovered in cockroaches as a
regulator of juvenile hormones released by the corpora allata. These two distinct neuropeptide
families are involved in inhibition of food intake behavior. Besides suppressing food intake, AT
injections in Spodoptera frugiperda results in an increase in larval mortality and a decrease in
adult lifespan (Schoofs et al., 2017). Similarly, AST A inhibits food consumption in Blattella

germanica and starved D. melanogaster flies. However, the inhibitory action of AST A'is
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reduced by the activation of NPF-expressing neurons. Thus, one may assert that many
neuropeptides are capable of performing similar functions and are interlinked in their expression
and action.

Reproductive behavior:

Similar to feeding behavior, courtship activity is regulated by a variety of neuropeptides
in many species. This behavior is very movement intensive and differs between species. For
example, courting ritual of the fruit fly consists of a series of steps including chasing, avoidance,
dancing, rejection, and copulation (Schoofs et al., 2017). In terms of the specific neuropeptides,
the Sex peptide (SP) found in the sperm of male fruit fly modulates the fruit fly’s courtship
behavior. Male fruit flies leave an antiaphrodiasic pheromone in their sperm after mating,
causing the female to repel other approaching males. Following that, females begin laying
approximately 80 eggs per day (Kubli and Bopp, 2012).

Natalisin and NPF are two more neuropeptides that are potentially involved in the
courtship behavior of fruit flies (Jiang et al., 2013; Kim et al., 2013; Liu et al., 2019). NPF
expression in males depends on their courtship state, as it is upregulated in mated males while
downregulated in sex-deprived males. Intriguingly, rejected fly males have a higher preference
for alcohol, while activation of NPF neurons (representing a mated state) reduces alcohol
preference in virgin males. The knockdown of the NPF signaling causes a reduction in male
courtship behavior. Additionally, NPF modulates oocyte growth, stimulates vitellogenesis,
ecdysteriogenesis, copulation behavior, and fertility (Schoofs et al., 2001; Van Wielendaele et

al., 2013).
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Stress and Addiction:

Alongside the other behaviors mentioned above, NPF is involved in the regulation of
stress and addiction in the fruit fly, Drosophila melanogaster. Downregulating NPF expression
in the hungry and starved larvae inhibits feeding in the cold climates, while its overexpression
causes the fed larvae to feed even on harmful nutrients (Lingo et al., 2007). NPF receptor gene
npfrlis expressed in the painless neurons that participate in the aversion responses to thermal,
chemical, and mechanical stressors. In larvae, overexpression of npfrl inhibits sugar-based
channel activity, whereas knockdown of the npfrl in painless neurons results in the functional
loss of sugar aversion. These findindgs suggest that the NPF signaling pathway may have
potential antinociceptive functions (Xu et al., 2010).

Besides stress regulation in D. melanogaster, NPF neurons are linked to ethanol
sensitivity. Disruption of the NPF neurons results in resistance to ethanol sedation (Wen et al.,
2005). Similarly, corazonin neuropeptide signaling is also associated with ethanol sedation.
Adult flies with impaired corazonin signaling have reduced alcohol sensitivity (McClure and
Heberlein, 2013). Furthermore, Crz neurons express DH 31 and DH44 receptors. The ligand for
these receptors is orthologous to the mammalian stress hormones: calcitonin and corticotropin-
releasing hormone. Knockdown of the Crz expressing neurons results in the development of
resistance to a variety of stressors such as starvation, high salt concentration, and so on (Zhao et
al., 2010). Reduced expression of the DH 44 receptor results in an increase in desiccation
tolerance (Cannell et al., 2016).

Regulation of metabolism:
Insect fat bodies are the central storage regions of nutrients obtained from food. These

organs serve as a hub for energy storage and utilization through endocrine hormonal interactions
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(Arrese and Soulages, 2010). Numerous activities, like insect flight and/or locomotion, require a
significant amount of energy. This energy requirement is addressed through the hormonal
metabolization of fat bodies. In insects, adipokinetic hormone (AKH) activates catabolic
enzymes such as lipases and phosphorylases in insects to accomplish this critical function (Gade
and Auerswald, 2003). For instance, AKH regulates the metabolization of energy reserves in
locusts to produce the necessary fuel (carbohydrates, proline, and lipids) for flight (Goldsworthy,
1983; Van der Horst, 2003). Injection of the AKH peptide enhances the lipid concentration in
hemolymph in heteropteran species, implying a role in lipid mobilization from fat bodies (Gade
et al., 2006). Similarly, increased glycogen phosphorylase enzyme levels were seen in the
hemolymph of Nezara viridula following AKH injections (Lorenz and Géade, 2009).
Modulation of Osmoregulation:

Osmoregulation refers to the regulated recycling of water and ions during solid waste
excretion in arthropod species in response to feeding (as in hematophagous insects) and post
eclosion. In insects, the osmoregulation is under the control of neural and endocrine hormones
called as diuretic and antiduretic factors (Coast et al., 2002). These hormones are syntehsized in
the neurosecretory cells and are stored and released in the corpora cardiaca, and other
neuroheamal sites throughout the brain. Tubule secretion regulating hormones in insects are
classified into six major families: corticotropin-releasing factor (CRF)-related peptides,
calcitonin (CT)-like peptides (CT-DH), Capab-like, tachykinin related peptide, insect kinins, and
the antidiuretic factors, ADFa and ADFb (Schooley et al., 2012). These hormones exert their
action by influencing the activity of two distinct cell types in the Malpighian tubules: principal
and stellate cells. Water balance is linked to ion concentration in these cells via activation of

enzymes (V-ATPase) and the release of secondary messengers (Ca®*) as a result of diuretic
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peptides’ engagement with their receptors. For instance, in D. melanogaster, binding of the CRF-
DH and/or CT-DH ligands to their receptors stimulates the cAMP production, which results in
the translocation of protons across the principal cell membrane via the activated apical
membrane V-ATPase (Schooley et al., 2012). Cap2p activates the V-ATPase through a different
mechanism; it does so through the release of inositol triphosphates (IP3) as a secondary
messenger. IPs contributes to the increase of intracellular and extracellular Ca* levels, hence
increasing cGMP levels and activating V-ATPase.

Intriguingly, a peptide can act as both a diuretic and an antidiuretic in different species.
For example, Capa2s has diuretic functions in blood-feeding Dipterans such as A. gambiae but
also anti-diuretic properties in blood-feeding Heteroptera such as Rhodnius prolixus. Tenmo-
ADFD acts as an antidiuretic peptide in Tenebrio molitor but as a diuretic peptide in Acheta
domesticus (Coast et al., 2007; Schooley et al., 2012). CRF-related DH has been shown to have
diuretic activity stimulating Malpighian tubules in a variety of insects, including A. domesticus
(Coast and Kay, 1994), Locusta migratoria (Patel et al., 1995), D. punctata (Furuya et al., 2000),
Musa domestica (laboni et al., 1998), and T. molitor (Wiehart et al., 2003). CT-DH has been
shown to have diuretic properties in insects such as Diploptera punctata, D. melanogaster, A.
gambiae, and R. prolixus. The CT-like DH peptides often stimulate tubule secretion via the
cAMP-dependent pathway, but they can also act through Ca?* signaling pathway. For example,
the Drome-DHs; or Drome CT-like peptide stimulates the MTs secretion through the cCAMP
signaling pathway (O'donnell et al., 1996), but the Dippu-DH31 and Rhopr-DHa; has no effect on
CAMP levels or isolated MTs cGMP synthesis. (Coast, 1995; Te Brugge et al., 2005). According
to reports, the CT-like peptides in D. punctata and R. prolixus are reportedly involved in non-

selective cation transport, implying that their action is mediated by the Ca?* signaling pathway.
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Like Capan, insect kinins activate phospholipase Cp in the principal or stellate cells of MTs, as
seen in D. melanogaster and A. gambiae, resulting in an abrupt increase in intracellular Ca?*
levels (Radford et al., 2002; Yu and Beyenbach, 2002). Kinins, on the other hand, have a
considerable effect on MT secretion in R. prolixus (Te Brugge et al., 2002).

Modulation of development:

Insect development includes a series of postembryonic growth cycles which end with the
shedding or molting of the hard and rigid exoskeleton through an innate ecdysis motor behavior
(Ewer, 2005). This process is governed by a complex interplay between steroid hormones such
as the ecdysteroids molting hormones (ecdysone) and the juvenile hormone, as well as
neuropeptides/hormones released from the CNS. In insects, the development begins with an
increase in ecdysteroid levels in the prothoracic gland as a result of brain-released
prothoracicotropic hormone (PTTH). This event is followed by the expression of ETH gene,
triggering the production and storage of peptides in the inka cells. The level of ecdytseroid
influences the competence of the inka cells for the release of the peptides (Zitiian et al., 2007;
Kingan and Adams, 2000; Ewer, 2005).

Along with the ETH gene, increased ecdysteroid hormone levels activate the two ETH
receptors neurons in the CNS, ETHR-A and ETHR-B. These neurons are implicated in the
release of peptides from many insects, including eclosion hormone (EH), FMRFamide, Kinins,
CRF-like diuretic hormones, crustacean cardioactive hormones, myoinhibitory peptide (MIP),
and bursicon (Kim et al., 2006a; Kim et al., 2006b). Immunochemical and electrophysiological
studies in Manduca sexta demonstrate the central release of EH peptides from the ventromedial
(VM) cells in the brain in response to the ETH. This action is realted with the synthesis of cGMP

in the 27/704 neurons (Hewes and Truman, 1991; Ewer et al., 1997; Gammie and Truman,
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1997). Further, the presence of ETHR-A in VM cells suggets that ETH works through EH
release and cGMP synthesis (Kim et al., 2006a).

In moths, a network of 27/704 neurons in the abdominal ganglion region produces
peptides such as CCAP and MIP. Electrophysiological experiments on isolated CNSs indicate
the following: a cocktail of kinins and CRF-like DHSs regulates pre-ecdysis, EH is involved in the
activation of ETH neurons, and a mixture of CCAP and MIPs regulates the ecdysis motor
program (Kim et al., 2006a). Ablated peptidergic neurons result in altered ecdysis behaviors; for
example, in D. melanogaster, flies with ablated FMRFamide-producing ETHR-A neurons
exhibit weak pre ecdysis contractions (Kim et al., 2006b). Similarly, ablation of neurons that
produce EH impair tracheal inflation, adult eclosion, and post-eclosion behaviors (McNabb et al.,
1997; Clark et al., 2004; Kim et al., 2006b). Furthermore, flies with ablated CCAP neurons
exhibit stage-specific abnormalities in ecdysis. These include extended larval pre-ecdysis,
substantially impaired pupal ecdysis, and lack of ecdysis and post-ecdysis contractions required
for head eversions and appendage extension, all of which result in the death of the majority of

flies (Park et al., 2003; Kim et al., 2006b).
Genomics and transcriptomics of the Varroa mite

The first attempt at studying the Varroa mite's genome occurred in 2002; with the
publication of the complete mitochondrial genome sequence of V. destructor (NCBI accession #
AJ493124) (Navajas et al., 2002). The mitochondrial genome size was approximately 16477 bp
in length. Cornman et al., 2010 published a comprehensive genomic study of the Varroa mite in
2010, estimating the genome size to be approximately 565 Mbp (Cornman et al., 2010).
Homology with eukaryotic genomes was discovered in 13,031 of 184,094 contigs, with an

average length of approximately 31.3 Mbp.
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The Okinawa Institute of Science and Technology published the current version of the V.
destructor s genome Vdes_3.0 at NCBI (accession # GCF 002443255) in 2019 (Techer et al.,
2019A). The most recent version of the V. destructor ’s genome measures 368.9 Mbp in length
and contains approximately 30,208 proteins, 12,854 genes, and 107 pseudogenes. In comparison
to previous V. destructor’s genome assemblies, the current version has 119x greater coverage,
higher N50 values for scaffolds and contigs of 58.5 Mbp and 201,886 bp, respectively, and a
smaller gap size of 271,335 bp. Among invertebrate genome assemblies, the Vdes_3.0 genome is
highly contiguous and has the best-described scaffold N50 values for Acari and Mesostigmata
(Techer et al., 2019A).

In the Varroa jacobsoni, its whole genome sequence was published recently in 2019
(Techer et al., 2019A) and is available at NCBI available under the name Vjacob 1.0 (accession
# GCF_002532875). The genome assembly contains 15,486 genes, 26,243 proteins, and its
reported size is 365.59 Mb with 57x coverage, and 408,908 bp gap size. The N50 values for the
scaffolds and contigs are 233,810 bp and 96,009 bp, respectively.

These studies involving modern technologies in genome sequencing can provide a much
deeper insight into the better understanding of the fundamental biology of the mite species. This
valuable information might provide insights into the microbial/parasitic associations or host-
pathogen interactions. Comparative genomic analysis of the available genome sequence data can
help improve the understanding of the neuropeptide signaling system. Neuropeptide and GPCR
gene sequences can be found by conducting a homology-based blast search using their
counterpart's gene sequence from the orthologous species. In this study, for conducting the
homology-based search, the following four species were used as reference species: Tetranychus

urticae, Ixodes scapularis, D. melanogaster, and A. mellifera (Broeck, 2001; Christie, 2008;
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Hauser et al., 2006; Hewes and Taghert, 2001; Veenstra et al., 2012). These species were chosen
as reference species based on their phylogenetically close relatedness with Varroa mites and the
public availability of the fully annotated genome assembly. Also, comparative analysis of the
available neuropeptide signaling information in reference species can be utilized to get insights
into the evolution of neuropeptide signaling in the Varroa mite. There is little information about
the neuropeptide genes and receptor genes for V. destructor and V. jacobsoni available in
published articles. The only report about the neuropeptide and neuropeptide signaling in the

Varroa mite is Tachykinin and Natalisin signaling in V. destructor (Jiang et al., 2016).
Direction of the study

Despite the substantial economic impact caused by the Varroa mite, little is known about
its neuropeptide signaling system. This study aims to find the precursor genes that code for the
neuropeptide and their cognate receptors from the genomic data available at NCBI. The study
results will help with the understanding of the neuropeptide signaling in V. destructor and V.
jacobsoni. Comparative genomics between the Varroa mite and the honey bee will help identify
the neuropeptide signal system that could be utilized to design highly selective peptidomimetic
acaricides.

Chapter 2 contains an analysis of neuropeptides, including details about the materials and
methodologies used to identify the genes, the number of genes identified, information about gene
duplication, and concludes with the status of neuropeptides in V. destructor and V. jacobsoni.
Comparison of neuropeptide genes present in Varroa mites with other reference species is
reported. Suitable figures representing the gene structure of the genes that code for various

neuropeptides are included, and detailed insights are discussed.
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Chapter 3 contains an analysis of GPCRs, which includes detailed information about the

methods and materials employed for finding the potential gene sequences for GPCRs. Results

about how many genes are identified, information on gene duplication, and finally, phylogenetic

analyses using reference genes are included, and detailed insights are discussed. Chapter 4

contains a discussion and conclusion based on the results from Chapters 2 and 3. The discussion

is centerd on the comparative genomic analysis to identify the genes that could be selectively

targeted for designing effective control strategies of the Varroa mite infestation.
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Chapter 2 - Annotation of Varroa mite neuropeptides

Introduction

Neuropeptides are small proteins that regulate arthropod development, growth,
reproduction, metabolism, and behavior (Né&ssel, 2018; Nusbaum et al., 2017). Many genes that
encode peptide precursors (prepropeptides) and their receptors are involved in peptidergic
signaling (Hauser et al., 2006; Hewes and Taghert, 2001; N&ssel and Zandawala, 2019).
Neuropeptides are mainly produced in the central nervous system (neurons and neuroendocrine
cells). Their storage and release are regulated in response to temporal and spatial conditions
(Bendena, 2010). Neuropeptides, in addition to the central nervous system, are also found in
peripheral tissues, endocrine cells, sensory cells, and in some specific cases, glial cells, muscle
cells, embryonic progenitor cells (Nassel and Zandawala, 2019).

The synthesis of neuropeptide molecules begins with the transcriptional activation of
genes, with their translation producing precursor proteins (prepropeptide or preprohormone). The
precursor proteins are composed of several components which includes the signal peptide at the
precursor's N-terminus, active peptides and canonical mono or dibasic amino acids surrounding
mature peptides. Active peptides are often formed through posttranslational modifications and
processing at specific cleavage sites. Signal peptides are a short chain of 20 to 25 amino acids
located at the N-terminus of the precursor protein (Bendena, 2010; Kapp et al., 2009). The signal
peptide facilitates the translocation of precursor proteins into the lumen of the endoplasmic
reticulum. The propeptide is further processed posttranslationally in the endoplasmic reticulum-
golgi network (Bendena, 2010; Li and Kim, 2008). Prohormone convertase enzymes utilize the
essential amino acids (like lysine, K, and arginine, R) to process mature peptides. Additional

posttranslational modifications may include carboxy (C) terminal amidation, N-terminal
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pyroglutamate cyclization, and the formation of intramolecular and intermolecular disulfide
bonds. For C-terminal amidation of mature peptides, peptidylglycine a-amidating
monooxygenase (PAM) related enzymes such as peptidylglycine a-hydroxylating
monooxygenase (PHM), and peptidyl a-hydroxyglycine-a-amidating lyase (PAL), utilize the
glycine residue present at C terminal end, as an amide donor (Kolhekar et al., 1997).

In modern biology, bioinformatics has become an important tool for providing valuable
information that gives insight into the evolution of neuropeptide signaling across various taxa. In
the Phylum Arthropoda, around 30-50 different neuropeptide genes with unique expression
patterns in cells and tissues have been identified in each species. For instance, 35 neuropeptide
genes were found in the malarial mosquito, Anopheles gambiae (Riehle et al., 2002), while 36
were found in the honey bee, Apis mellifera (Hummon et al., 2006), respectively. Expanded
genome analysis, with the depth for listing the complete sets of neuropeptide repertoires,
provides an understanding of the evolutionary patterns of the genes and their functional insights.

Before this study, there was no publicly available information on the neuropeptide
signaling of the Varroa mite. The objective of this study was to identify neuropeptide precursor
genes from the Varroa mite's genomic scaffold (Varroa destructor and Varroa jacobsoni). A
better understanding of the Varroa mite’s neuropeptide repertoire and how the neuropeptide
signaling has evolved in arachnids will be achieved by comparing it with species from closely
related taxa, including Class Insecta, D. melanogaster, and A. mellifera, and Class Chelicerata,
Ixodes scapularis, and Tetranychus urticae. Additionally, the findings of the study will aid in

identifying a neuropeptide that could be used to develop bee safe acaricides.
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Material and Methods

Figure 2.1: Schematic flow of homology blast search
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Initially, the search of the sequences that encode preprohormones were made in the non-
redundant database (nr) for the Varroa mite at the National Centre for Biotechnology

Information (NCBI, https://blast.ncbi.nlm.nih.gov/Blast.cqi), which mainly contains reference

annotated sequences. Using a variety of search parameters, the blastp program was employed to
search for protein sequences in Drosophila melanogaster, Apis mellifera, Ixodes scapularis, and
Tetranychus urticae. The parameter matrix used was either Blosum 62 or PAM 30, and the
expected threshold value was in the range of 10 to 1000. The manual correction of the nr data in
NCBI was made based on the conserved sequence motif of the active peptides. Further
annotations were made to the putative coding regions (CDS) for identifying the post-translational
processing sites.

If the search in the nr database did not yield a significant matching sequence, the search
was then expanded to other databases at NCBI; RefSeq genome database, Transcriptome shotgun
assembly database (TSA), Sequence read archive database (SRA)(accession numbers for V.
destructor: SRX5654493, SRX5651414, SRX4926906, SRX2960666, SRX8188313,
SRX2960669, SRX1955933, and for V. jacobsoni: SRX1825493, SRX1825428, SRX1825392,
SRX1825391, SRX1825346, SRX1824269) using the tBlastn program. The search strategy was
the same as the above descriptions. The match found in the RefSeq genome database was further
processed for obtaining full open reading frame by using the FGENESH program

(http://www.softberry.com/) with the input as the sequence surrounding the matching region;

1500 - 2000 kb of each side of the match was entered in to the program to find the potential
entire coding sequence. In the case of the potential sequences matching to the sequence in SRA
database for mMRNA sequences, the complete gene sequence was identified by conducting

repeated blast searches for walking towards 5’ and 3’ directions to find the full-length mRNA
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sequence. The searches for mRNA walking usually extended the range of the transcript but did
not reach the full open reading frame. The presence of the putative mature peptide in the
sequence was the main criteria for considering it as a part of neuropeptide transcript. The partial
sequence obtained from SRA data walking was used in a blast searches in the TSA database and
Refseq genomic database using the partial gene sequence as a query. If the query failed to find a
potential match in either of the databases, the sequence was considered as a putative partial
neuropeptide sequence.

After identifying the putative sequences encoding the neuropeptide, further analysis was
made to annotate signal peptides, canonical monobasic or dibasic cleavage sites, and mature
peptides. The signal peptide found at the N-terminus of the sequence was predicted using

SignalP 5.0 server (Armenteros, Tsirigos et al. 2019) (http://www.cbs.dtu.dk/services/SignalP/).

Characterization of the basic amino acid as a site for proteolytic processing was based on two
factors: the presence or absence of basic (Lysine, Arginine) or aliphatic amino acids and their
position relative to the putative site (Veenstra 2000). Comparison of the mature peptide with
their counterparts in other ortholgous genes from closely related species was made by aligning

their sequences using the Muscle alignment algorithm (Edgar 2004).
Results

In the current study, a total of 32 neuropeptide gene sequences (6 partial and 26 full
length) were identified in the genomic scaffold of V. destructor and 34 neuropeptide gene
sequences (7 partial and 27 full length) were identified in the genomic scaffold of V. jacobsoni.
Out of the 32 genes identified in V. destructor, 18 were found from nr, 5 from TSA, and 8 genes
from SRA databases. Out of the 34 genes identified from V. jacobsoni, 17 were found from nr, 9

from TSA, and 7 genes from SRA databases. In V. destructor, the genes are predicted to code for

32


http://www.cbs.dtu.dk/services/SignalP/

47 mature peptides, while in V. jacobsoni, the number reaches to 49 mature peptides. Table 1
shows the summary of the search results, excluding the 18 genes sequences which were not
found in the genomic database of Varroa mites that encode for: AKH, allatostatin CC,
allatotropin, corticotropic releasing factor-like DH (37/47), eclosion hormone, ecdysis triggering
hormone, glycoprotein hormone alpha-2, gonadulin, leucokinin, neuroparsin A, orcokinin B,
prothoracicotropic hormone, RYamide, and short neuropeptide F (SNPF). In the case of
myosuppressin and orcokinin B gene, their genes were identified only in V. jacobsoni but not in
V. destructor.

Conservation in orthologs:

The neuropeptide genes identified in this study have conserved sequence motifs found in
various species belonging to Phylum Arthropoda, indicating evolutionary conservation of the
gene. The conservation in the sequence of neuropeptide genes can be described in various
aspects, such as the presence of conserved sequence motifs, multiple bioactive peptides/mature
peptides in the similar precursor sequence, and gene structures with conserved locations of the
mature peptides in the precursor sequence of the gene.

Conserved sequence motifs for identifying neuropeptides:

The orthologues could be identified with the help of the conserved sequence motif, i.e.,
the occurrence of an amino acid at a position relative to the C or N- termini regions of the mature
peptide. For example, Allatsotatin A can be identified with the motif FGL/I (Phe-Gly-Leu/lle) as
in A. mellifera and T. urticae, Allatostatin B with the motif WX6W-amide (Trp-X6-Trp-amide),
Proctolin with the motif RYLPT (Arg-Tyr-Leu-Pro-Thr), SIFamide with the motif SIF-amide
(Ser-1le-Phe-amide), and Myosuppressin with the motif X1DVX2HX3FLRF-amide (X-Asp-X-

X-His-X-Phe-Leu-Arg-Phe-amide), located at the C-terminal of the mature peptide among
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various species in arthropods (Egerod et al., 2003). Similarly, other neuropeptide genes identified
in this study also have their conserved sequence motif in their mature peptides. Furthermore, a
comparison of mature peptide sequences among various arthropods, using multiple sequence
alignment, supports the conserved nature of neuropeptide genes.

Tandem repeats of mature peptides in single genes:

In addition to the conservation of sequence motifs, repeat patterns of mature peptides
were also found in some neuropeptide gene sequences. Mono or dibasic amino acids surround
the mature peptide to help endonuclease restriction at these sites. Thus, the mature peptides are
cleaved from the precursor gene sequence during posttranslational modifications. The repeats of
mature peptides within the precursor were seen in orthologous genes in different species with a
varied number of repeats in a species-specific manner. For example, the precursor gene sequence
of allatostatin B found in the Varroa mite contains three repeats, while the precursor gene
sequence of allatostatin B found in Drosophila melanogaster contains five repeats. In Class
Insecta/Hexapoda, the gene sequence encoding allatostatin B in D. melanogaster has five mature
peptide repeats; in Class Crustacea, the precursor gene sequence of allatostatin B in Nephrops
norvegicus has five mature peptide repeats, while the same sequence in Daphnia pulex has
seven; and in Class Chelicerata, the precursor gene sequence of allatostatin B in Limulus
polyphemus, Galendromus occidentalis, and T. urticae have nine, three, and six mature peptide
repeats, respectively. Similarly, other genes like Ast A, CAPA, FMRFamide, etc., found in
Varroa mites also have multiple mature peptide repeats (two, eight, and eleven respectively)
separated by dibasic or monobasic cleavage sites (Supplementary data).

Location of mature peptide:
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The location of the mature peptide in the preprohormone gene sequence is also found to
be conserved. For example, the mature peptide sequence of proctolin neuropeptide is located
immediately after the signal peptide. It is followed by a canonical dibasic or monobasic amino
acid, which act as an endonuclease restriction site for separation from associated proteins that are
about 100 amino acid long.

Unusual variations in the conserved amino acid motif in FMRFamide:

While the mature peptide sequence of the FMRFamide neuropeptide gene is mostly
conserved across the Phylum Arthropoda, the mature peptide sequence of the FMRFamide
neuropeptide gene identified from the Varroa mite is slightly different. Rather than the typical
FMRF sequence motif at the C terminus, the gene contains an FMHF sequence motif. An
FMRFamide neuropeptide is a collection of related peptides that share the FaRF consensus
sequence motif, (Phe-1le/VVal/Met/Leu-Arg-Phe-amide); other variants include FIRFamide (Phe-
Ile-Arg-Phe-amide) and IVRFamide (lle-Val-Arg-Phe-amide). In 1977, the FMRFamide
neuropeptide was isolated from the clam Mercenaria mercenaria (Price and Greenberg, 1977).
Multiple copies of FMRFamide-related peptides have been identified in the precursor genes in
arthropods dating all the way back to 1990, where the discovery FMRFamide peptide in the form
of FMHFamide was first reported from the D. melanogaster (Taghert and Schneider, 1990).
FMHFamide, FIRFamide, and FVRSamide were all isolated from Mercenaria mercenaria.
Similarly, multiple FMRFamide peptides are typically present in orthologous counterparts from
various species. Comparing at the Phylum level, only D. melanogaster and D. virilis (Class
Insecta) possess mature peptides with the FMHF sequence rather than the FMRF sequence.
Along with the Varroa mite, the FaHF sequence motif in FMRFamide peptide is found in the

predatory mite Glanderomus occidentalis (Class Chelicerata). Simultaneously, the remainder of
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the members of the same class have FMRF as a C-terminus sequence motif. It is possible that
switching from arginine to positively charged histidine retains the receptor's activity, depending
on the species.

Novel neuropeptide genes:

Recent insect genome analysis reports indicate an increased neuropeptide repertoire with
the findings of new neuropeptide genes, including carausious-like neuropeptide and agatoxin-
like neuropeptide. The carausious-like neuropeptide was reported from the stick insect,
Carausius morosus (Liessem et al., 2018), and the American cockroach, Periplaneta
americanum (Zeng et al., 2020). Through the blast search, carausious-like neuropeptide gene was
identified with a percent identity of 43.48% and an e-value of 1.00E-02 each in V. destructor’s
and V. jacobson’s genome.

Another new neuropeptide recently described as a spider venom (agatoxin) like
neuropeptide was identified in Varroa mites. This peptide is also described in insects including
Apis mellifera, Thermobia domestica, and Blatella germanica (Sturm et al., 2016). It is believed
to have highly conserved homologs (Genersch et al.) in many arthropods. Despite being a toxin
in spiders, tissue profile studies suggest no association of agatoxin-like peptide (ALP) with the
venom gland in A. mellifera. Currently, there is very little information about the role of ALP in
insects. It would be interesting to know how this peptide regulates the physiology of the Varroa
mite.

Incomplete annotations:

Neuropeptide genes found in V. jacobsoni but not in V. destructor
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An unexpected result from the blast search was the identification of the gene sequence for
the orcokinin B and myosuppressin neuropeptides from V. jacobsoni’s genomic scaffold but not

from V. destructor’s genomic scaffold as well as from TSA, and SRA database.

The orcokinin (OK) neuropeptide was first identified in crayfish based on their intense
myotropic activities in the hindgut (Stangier et al., 1992). Significantly less is known about its
role in insects except for a couple of reports which suggest its potential role in controlling the
circadian locomotory action in cockroaches (Hofer et al., 2005), and stimulation of prothoracic
glands in silkworms (Yamanaka et al., 2011). In insects, including Anopheles gambiae and A.
mellifera, orcokinin neuropeptide occurs in two different forms (OKA and OKB) through
alternative splicing of the open reading frame (Sterkel et al., 2012). However, in arachnids
including 1. scapularis and Rhipicephalus microplus (Christie, 2008), and in crustaceans
including Marsupenaeus japonicus, Penaeus monodon and Homarus americanus (Christie et al.,
2010; Christie et al., 2011; Sterkel et al., 2012), the predicted orcokinin precursors encode both
OKA and OKB peptides. In the experiment, ithe sequence containing the full-length open
reading frame for the orcokinin precursor that encodes only the OKB was identified in the TSA
database of V. jacobsoni, but not from the V. destructor genome. No other gene sequence that
encodes both OKA and OKB or OKA also in the V. jacobsoni genome could be identified. The
gene sequence found in V. jacobsoni was used to search for the orcokinin gene in the V.
destructor genome, but there was no significant match.

Myosuppressin neuropeptide is a decapeptide with a consensus sequence of
X1DVX2HX3FLRFamide (X-Asp-X-X-His-X-Phe-Leu-Arg-Phe-amide)(Egerod et al., 2003) in
most arthropod species. The myosuppressin was first reported from cockroaches (Holman et al.,

1986) for its inhibitory activity on visceral muscles. A partial gene sequence encoding
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myosuppressin was found in V. jacobsoni's SRA database, but no sequence was identified in V.
destructor's genomic database. Myosuppressin receptors were found in both of the Varroa mite
species, hence in accordance with the neuropeptide-receptor coevolution theory (Park et al.,
2002), there should also be a gene sequence encoding the myosuppressin neuropeptide in V.
destructor. The partial sequence for myosuppressin found in V. jacobsoni kept the conserved
sequence motif of X1DVX2HX3FLRFamide. Missing sequence for the myosuppressin in V.
destructor is likely caused by the incomplete sequence information.
Receptor gene sequence present but missing neuropeptide gene sequence

There were a number of neuropeptides that where not identified in the Varroa mite
species, but their cognate receptors were found. These include the genes encoding insect
parathyroid hormone (iPTH), prothoracicotropic hormone (PTTH), neuroparsin A, gonadulin,
RYamide, and short neuropeptide F. Genes for neuropeptides like gonadulin and PTTH have low
levels of conservation in their sequence among various species of Arthropods, which in turn,
makes it challenging to identify for these genes through blast searches. However, GPA2,
RYamide, and short Neuropeptide F genes have high levels of conservation in their sequences.
As was discussed for the mysuppressin, the missing neuropeptides are likely caused by technical
errors in the incomplete genome sequences of V. destructor and V. jacobsoni. Alternatively,
rapid evolutions of the neuropeptide genes may have caused the unsuccessful blast search in the
search algorithms.

Missing both genes for neuropeptide and receptor:

Adipokinetic hormone (AKH), allatotropin, corticotropin-releasing factor-like DH37/47

(CRF-like), glycoprotein hormone 2-alpha subunit (GPA2), ecdysis triggering hormone (ETH),

and leucokinin were amongst the neuropeptides for which no neuropeptide and cognate receptor
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gene was found in the Varroa mite genome. Interestingly, AKH is also not found in I. scapularis.
However, previous reports suggest the presence of five AKH-ACP-like receptor genes in the
genome of T. urticae (Veenstra et al., 2012), another arachnids. The cognate receptor of AKH
was be identified in the Varroa mite, which supports the true-loss based on the ligand-receptor
coevolution theory. Even though both neuropeptide and receptor gene of AKH were not found,
the presence of several receptor genes in the genome of T. urticae casts doubt on whether is it a
true absence of AKH signaling. Altogether, the AKH signaling system may have been lost in
parasitiformes of arachnids although this hypothesis needs to be tested with further complete
sequences and data from closely related other taxa.

Similarly, the neuropeptide allatotropin and its cognate receptor gene were missing in
Varroa mite species although they were found in the other arachnid species, including I.
scapularis and T. urticae. After conducting the genomic survey on several arachnids, the
allatotropin receptor gene was found. Even if both the neuropeptide and the cognate receptor
genes of allatotropin signaling were not found, it would still be difficult to conclude that it is a
true absence in Varroa mites. Genes for other neuropeptides, including ETH, GPA2, leucokinin,
and CRF-like, in Varroa mites were also found in at least one of the two reference arachnid
species used in this study, I. scapularis and T. urticae. Thus, the sudden losses of these
neuropeptide genes from the Varroa mite are unlikely true and need further confirmation.

Neuropeptide gene missing and the receptor is unknown:

Novel neuropeptide genes, including PaOGS36577, Hansolin, RFLamide were recently
reported in the stick insect, Carausius morosus, and American cockroach, Periplanata
americanum (Zeng et al., 2020; Liessem et al., 2018). These neuropeptide genes were not found

in the various databases of the Varroa mite. These neuropeptide signalings were recently
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discovered in insects and their cognate receptors are yet unidentified: whether those are G

protein-coupled receptors, guanyl cyclase receptors, tyrosine kKinase type or other novel typoes.

So, at this moment, it is very difficult to draw any conclusions on the absence of these genes.
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Figures:

(2A)

Varroa destructor
ORI A PGP ATICVENANTEISAVPTAR O DDRDRSGVAEMVQSLSPEEQLFY DVLVIlJPNANHR Y GFGLERES
PEPTPAQPFODEPTFSTEROYNFGLEIPWPMSDNEE Y RJKYNFGLEJSE

Varroa jacobsoni
MOFRINAFEPICPATICVIIANTFISAVPTAR O DDRDRSGVAEMVOSLS PEEQLFY DVLVl|PNANHR Y GFGLERNS
PEPTPAQPFODEPTFSTEROYNFGLEIPWPMSDNEE Y RKYNFGLEJSE

(2B) Sub phylum Phylum
D. melanogaster Ast A 1 = -—--—-——-- VE

D. melanogaster Ast A 2 = -—--——-- LP

D. melanogaster Ast A 3 = -—--————-- SRP

D. melanogaster Ast A 4 -——-TTRPQP

A. mellifera Ast A1  —-——-—- LP Hexapoda
A. mellifera Ast A 2 @ —————- GRD

A. mellifera Ast A 3  ————-———- Q

A. mellifera Ast A 4  ———-- GRQP

A. mellifera Ast A 5 —-PNDMLSQ

I. scapularis Ast A 1 --—-—-PPAA

I. scapularis Ast A 2 GERPQHPL

I. scapularis Ast A 3  —---—- ERHR Arthropoda
I. scapularis Ast A 4 @ ————————-

T. urticae Ast A1  —-————- DGS

T. urticae Ast A 2 -—--ASPES

T. urticae Ast A 3  —-———- LPNR .

T. urticae Ast A 4 ——————- S Chelicerata
T. urticae Ast A5  ————————-—

T. urticae Ast A © -——--APSQ

V. destructor Ast A 1 -—-—-PNANH

V. destructor Ast A 2 @ ———————- 0

V. destructor Ast A 3  ———————- K

V. jacobsoni Ast A1 @ ———————- K

V. jacobsoni Ast A 2 -——PNANH

V. jacobsoni Ast A 3  ———————- Q

CONSENSUS y fgl

Figure 2.2 (A) The putative preprohormone sequence of Allatostatin A gene for Varroa
destructor and Varroa jacobsoni. The sequence marked in the green color indicate the signal
peptide necessary for initiation of the secretory pathway, mature peptide is indicated in the
yellow color, the amidation site is marked with pink color and the amino acids in the red
color represents the monobasic or dibasic cleavage sites. (B) Multiple sequence alignment
of multiple mature peptides of Ast A gene
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(3A)

Drosophila melanogaster

AR TRTRRTY CF MV I T IESACENEVASE s ». GS PPSNE PGGGGLSEQVVLDQLSESDL Y GNNiliaw0s Los swElE
SSSGDVSDPDIYMTGHFVPLVITDGTNT IDWDTFERLASGQSAQQQQQQPLOQQSQSGEDFDDLAGE PDVE[JAWKS
MNVAERENOAQGWNKFRGAWEHRE PTWNN LK GMWERRDOWQK LHGGHERES 0L PSN

Nephrops norvegicus

55555PQQDDPASSPSHIEEvews SMRGTHEPHLEDAQLDAREV]
TNWNKFHGS WS GEE LOAAE D TNWNKFOGS WA DDLADAE LOAAE D TNWNKFQGSWEl|2 DDLADAELOA
AEDTNWNKFQGSWERA DDLADA

Daphnia pulex

OQTPSQRLEPNQVAGLVELHQQLEQPREHQQQQOHHQQQPEQPAQADNKDYAPSPAV
LLOLTPSDWKNTQDNNWNRMOGMWEHNS 000 S DESALSEMT PPRMVJAWS DLSQQGHERESWTOLHG VSRR
DQLHGAWEllTPDOLEDDSKAEQPENSQEDEDQQSSSEVEREEANDS DDTVEN SIS GWNKMOG VWSS S S SSKTN
SGPAIEGMGNNDLLLLISGTGDQLYQQREDDOAKANVEDAGNEESVDJjewNQLOGVWE~A L sAMAAG YNWNNL
RGAWEE 1 P22 T AKGMEWSRJJESGWNNLKGLWE

Varroa destructor

KNLNHLW.SATLPTRWDI

Varroa jacobsoni

KNLNHLW.SATLPTRWDI

Limulus polyphemus
KSNEVNSALEEALTNARNEDDOJDWNNLS GMWERBGWNNLS GMWEIRG SKWNN

LSGMW.GS SWNNLSGMW.GSNWNNLSGMW-GSDWNNLSGMWD.SPSWNDLSGMW-GWNNLSGMW-N

TNWNNLKGLWElGDS SFNEGGPSWRITDAGT

KLDAESPPSAPSPVEYPPQYFDAPLEAEYVLL|JADVPPAPWNRL YNDWEA DNW
PQPOWNELSGY WERRS A0

KLDAESPPSAPSPVEYPPQYFDAPLEAEYVLL|JADVPPAPWNRLYNDWEHADNW
PQPQWNELSGY WERRS A0

Galendromus occidentalis
KPDPESANVASAPQEYFDAPVDAEY I ILJJADAAPAHWNRLYNDW]EADOWKNLN
HEMW SR S 2 PAPNRWDPOPOWNELSGY WG S S A

Tetranychus urticae

VSLAPESVTNLDQYATDPDSIGTASHLSLPTSSSSSSLLGOQHKGNKI
GASWNKLQGANWEHRASDSWNKLS GGWERGPGDRDWNOLSGMEHS SSGS
DSPHWNNLRGM§

TVYYPNMESQDFFVDDLEDNQIME
PSTSAQWNHLSGMWERGWNDLS GOV
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3B
ee) Sub phylum Phylum

—_

Hexapoda

} Crustacea

—_

norvegicus Ast B 1
norvegicus Ast B 2

N.
N.
N. norvegicus Ast B 3

~— Arthropoda

= Chelicerata

CONSENSUS

(3C)
Varroa destructor:

GACTACTGAAGCGTCGTGATGTGCCGCACCGCCAATAACATCAACACGAACTGCAGCGGAGCGATGAGTACCGCGC
M S T A

TGTTGACGGTTGCCCTAGTCATTGCAGTATGCGCGGTAGGTACTTTCGGAAAGT TAGACGCGGAATCACCGCCCAGC
L L T VALV IAUVCAUVGTFGZKILUDA ATES P P S
GCACCATCTCCAGTTGAGTACCCTCCCCAATACTTCGATGCGCCCCTTGAAGCAGAGTATGTTCTTCTCAAAARAGC
AP s PV EY®PU©POQVYTFDAZ®PTLTEH- AAEYUVL L [ 2
TGACGTACCTCCAGCGCCTTGGAACCGCTTGTACAATGATTGGGGTARAAAGGGCTGATAACTGGAAGAATCTAAATC

D v P papPw NI RTELY YNV DTUWTIEI BB 2D0NWKNL N
ACCTGTGGGGCAAACGGTCAGCTACACTTCCGACCCGGTGGGACAAACGCCCTCAGCCGCAGTGGAACGAGCTATCC
#E L w § BB s 2~ Tt p 17 rR w oD [ P 0 P 0 W N E L S
GGTTATTGGGGAAAGCGTTCGGCCCAGTAAATGTACCGCCTGAATAGAAGTAAACAGAAATGTA

G v w § BEE S 2 0 *
CTGCAGAAGAAGGCTAGCTCTCGTTCTCACCGCTATCCGTAAGTGAAAAGGACTTCGAAGACCAGGTGTCACCATGGGGCAGTCGATTTTAGCAGTA
ACCGGATTCGTAAAGGAGCCGGCTGGAAACGATGGAAAGCATACAAAAACATACATTTTTTTGGAGGCCTAAGGCCTCTGATGGCAAAAATTGTTTA
CCGCACACATAATCAATAAAAAATACTAAAGGATATATCCAGATTCGATGACAACATCATACTGGTCATAATGTCTAATGATTATAGTCTAGCAAAG
GAATATAACTCAACTTTATCAAAAGAACGTGACTATGAACCTATTGAACAGGAATACCATTGCGAAGACGCTAATATCTTAGCGATAAATAATAAAT
ATAAGCAGCTTATTTTCTAGATTACAACATATAACGTACGCATAAGTCATTAAAATAATGAAACAAATATGGAAAGGCTAATGTCGAAACGAATGGA
AACATAGTAGGTTGAAACAAGCAATGACAGCACCAAAAACATCAAGTACTATTTAACAATCAATTATATCATTTACGTAAGAAGATACAAATAGGGA

CGGCACGGGTATTGCAAAAGGCAAAAGGGTGCTTCTCAAAGCTCTCCGATCAAGTTAGTCCTCTTTCCAGGACCGGATCGGCGCTCTGCACGAAGGT
GCAGGCCGTTTTCTAATTTCTTTGCCACGCCGTGTTGATTATCATTAGCAAGAACTGAACAACCGTCACAGCCATTAGTTAACTAGAACATATACAC
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AAATATCACCTTCACATGAGAAGACCAAACGTTATTTTTAAAACGTTTGTTCAATTCATAGCACGATCGAGCCTATGCATGACGAAACCTCAGGGAA
AACAAAGTTCTCGTATCAACAGATCGGACAGACGAGGTAATGGATAGTGACAAGTAAGCGGATAATCGGTCATCGCCTCTTCGAATGCGACCGTAAT
CTCCGTGTGTATTGGCTTAACTGATCTCAATCATTAAGACAATCTATGACAAAATCTCATGATTGAAGACGCGTTACTGTATGGTGACATGCCGCAT
TGCACGGAGTACTAATTTTCTAGGTCTCAAGATTTTCAGCTCACTTGTTAATTCACTACTATGAGACCATATTTTTATCTACATATTGTTGTTTTGT
ATCATACAGATGTCCAAATTCAAGACGTTAACGCTCACGCTTTATGTAGATGAGGAAATTAGATTTACACTATAGGCAAGAGCTAAGTCCGCTAGCT
TACCTACTGAAATATGAAGCATGTTTATATAGCGACGATTCTGGTATTTTTTTTTGCATGTAGAGCTACAAACGACAGTGTCTAGGATTCATGCTGC
AAAAATAAACATTTTTTGATAGATCTCAATTCTCCTAAGCTTCGTTGTTACCACAGATGGAGTGACAACATCCACGAGGCCCTGGCACTGCGATTTA
TTCGACTTTTTCGGGACGTATGTTCCAAACGTTTTCGGTTCGTTAAGTATTCACTCGCGACACGGCCGTATACCAGCTTTCGTGCTCCACACTCTGC
TCGTAAAGTAAATAACACTACTCTATCGCTTATAACAAAAACCACCCCCCACTGAGCCACGGAAATGCTAATTCGAAGCTGGAAAGAGAGAACAACT
AACGATCAATAACATGTGACTGATAAAGCTTCAAAATAGTGCATAAGCTATATACGAGATAGTAACCAGGCAGGACGCAAATGATACCACACCGTAA
CCACTCTCATAGAGTCATTGGAAACACGGCTCTTATTCTACTGACGGTATTCTAACTTGCGACTTGTTCTACGCTACTTAATGCAATGAACGAAATT
GTAATTCATTTTTTAATTTTTACATATATATTTCTTTTTATCACAAATGAATAATAAAACACATTTTTCAACAATAAATAACAATTCTGAATTAAGG
AAAAATGAAAATACCAATAACTAAGGACTGCTGCGCGGAAGATACCCTATGGTAAGTTCACGTCTTCGTCTGACGAGAACAAAAGTAATTGCTAATC
CCACAGATCTTCACTAAGAGACCCTTGATTCTCCCTTCCAGCAATATTGGACCCGAACGCAGCAACTAATATCAATGACAGGGCGGACAATAATATC
ACCAAAAGCAAGGAGAGAGTCTCAATAGGGAAGAGACGACCCATAGATTGTCAAATATAACAACTACGTACTTTAGAGACACGGCGATAACAATGCA
ATGCCATAATGTTGTAAAAGTAAACATGCAAATGAAGAGAAAAAAGACAAGTAAAAA

Varroa jacobsoni:
CCGCCAACACATAAAAGGAGTTGCGCCCCTTTATTTGAGCCGAGAAAGCATAGAGTTTTGAACTAGCAAGGAGGTGC

CACAGCTTTCAAGTTTGAAAAAGATCACGCTAATCCTTGACGCAGCGCTGTCGACGAACTCCGTAACGACTACTGAA
GCGTCGTGATGTGCCGCACCGCCAATAACATCAACACGAACTGCAGCGGAGCGATGAGTACCGCGCTGTTGACGGTT

M s T A L L T V
GCCCTAGTCATTGCAGTATGCGCGGTAGGTACTTTCGGAAAGTTAGACGCGGAATCACCGCCCAGCGCACCATCTCC
A L Vv I A V C A V G T F G K L D A E S P P S A P S P

AGTTGAGTACCCTCCCCAATACTTCGATGCGCCCCTTGAAGCAGAGTATGTTCTTCTCAAAAAAGCTGACGTACCTC
v EY P P QY FD&avpLEOAEVYUVTLTL I 20D0vVve

CAGCGCCTTGGAACCGCTTGTACAATGATTGGGGTARAAGGGCTGATAACTGGAAGAATCTAAATCACCTGTGGGGC
p A P w N RTULVYDNUDTUWI E BB 202 ~wx ~x L N HL w §
ARACGGTCAGCTACACTTCCGACCCGGTGGGACAAACGCCCTCAGCCGCAGTGGAACGAGCTATCCGGTTATTGGGG

B s 2 T v p T rR woOD BB P? 0P QW NZETZLSG Y w B

AAAGCGTTCGGCCCAGTAA
S A Q *

ATGTACCGCCTGAATAGAAGTAAACAGAAATGTACTGCAGAAGAAGGCTAGCTCTCGTTCTCACCGCTATCCGGAAGTGAAAAGGACTTCGAAGACC
AGGTGTCACCATGGGGCAGTCGATTTTAGCAGTAACCGGATTCGTAAAGGAGCCGGCTGGAAACGATGGAAAGCATACAAAAACATACATTTTTTTG
GAGGCCTAAGGCCTCTGATGGCAAAAATTGTTTACCGCACACATAATCAATAAAAAATACTAAAGGATATATCCAGATTCGATGACAACATCATACT
GGTCATAATGTCTAATGATTATAGTCTAGCAAAGGAATATAACTCAACTTTATCAAAAGAACGTGACTATGAACCTATTGAACAGGAATACCATTGC
GAAGACGCTAATATCTTAGCGATAAATAATAAATATAAGCAGCTTATTTTCTAGATTACAACATATAACGTACGCATAAGTCATTAAAATAATGAAA
CAAATATGGAAAGGCTAATGTCGAAACGAATGGAAATATAGTAGGTTGAAACAAGCAATGACAGCACCAAAAACATCAAGTACTATTTAACAATCAA
TTATATCATTTACGTAAGAAGATACAAATAGGGACGGCACGGGTATTGCAAAAGGCAAAAGGGTGCTTCTCAAAGCTCTCCGATCAAGTTAGTCCTC
TTTCCAGGACCGGATCGGCGCTCTGCACGAAGGTGCAGGCCGTTTTCTAATTTCTTTGCCACGCCATGTTGATTATCATTAGCAAGAACTGAACAAC
CGTCACAGCCATTAGTTAACTAGAACATATACACAAATATCACCTTCACATGAGAAGACCAAACGTTATTTTTAAAACGTTTGTTCAATTCATAGCA
CGATCGAGCCTATGCATGACGAAACCTCAGGGAAAACAAAGTTCTCGTATCAACAGATCGGACAGACGAGGTAATGGATAGTGACAAGTAAGCGGAT
AATCGGTCATCGCCTCTTCGAATGCGACCGTAATCTCCGTGTGTATTAGCTTAACTGATCTCAATCATTAAGACAATCTATGACAAAATCTCATGAT
TGAAGACGCGTTACTGTATGGTGACATGCCGCATTGCACGGAGTACTAATTTTCTAGGTCTCAAGATTTTCAGCTCACTTGTTAATTCACTACTATG
AGACCATATTTTTATCTACATATTGTTGTTTTGTATCATACAGATGTCCAAATTCAAGACGTTAACGCTCACGCTTTATGTAGATGAGGAAATTAGA
TTTACACTATAGGCAAGAGCTAAGTCCGCTAGCTTACCTACTGAAATATGAAGCATGTTTATATAGCGACGATTCTGGTATTTTTTTTTTTGCATGT
AGAGCTACAAACGACAGTGTCTAGGATTCATGCTGCAAAAATAAACATTTTTTGATAGATCTCAATTCTCCTAAGCTTCGTTGTTACCACAGATGGA
GTGACAACATCCACGAGGCCCTGGCACTGCGATTTATTCGACTTTTTCGGGACGTATGTTCCAAACGTTTTCGGTTCGTTAAGTATTCACTCGCGAC
ACGGCCGTATACCAGCTTTCGTGCTCCACACTCTGCTCGTAAAGTAAATAACACTACTCTATCGCTTATAACAAAAACCACCCCCCACTGAGCCACG
GAAATGCTAATTCGAAGCTGGAAAGAGAGAACAACTAACGATCAATAACATGTGACTGATAAAGCTTCAAAATAGTGCATAAGCTATATACGAGATA
GTAACCAGGCAGGACGCAAATGATACCACACCGTAACCACTCTCATAGAGTCATTGGAAACACGGCTCTTATTCTACTGACGGTATTCTAACTTGCG
ACTTGTTCTACGCTACTTAATGCAATGAACGAAATTGTAATTCATTTTTTAATTTTTACATATATATTTCTTTTTATCACAAATGAATAATAAAACA
CATTTTTCAACAATAAATAACAATTCTGAATTAAGGAAAAATGAAAATACCAATAACTAAGGACTGCTGCGTGGAAGATACCCTATGGTAAGTTCAC
GTCTTCGTCTGACGAGAACAAAAGTAATTGCTAATCCCACAGATCTTCACTAAGAGACCCTTGATTCTCCCTTCCAGCAATATCGGACCCGAACGCA
GCAACTAATATCAATGACAGGGCGGACAATAATATCACCAAAAGCAAGGAGAGAGTCTCAATAGGGAAGAGACGACCCATAGATTGTCAAATATAAC
AACTACGTACTTTAGAGACACGGCGATAACAATGCAATGCCATAATGTTGTAAAAGTAAACATGCAAATGAAGAGAAAAAAGACAAGTAAAAATCAG
AACGTCGACACACAAACGAATGACAGACACATACTGAGTTATAAATGGAAGCTAATAAACAATCAGATTAAAAGCAAGAAAAAACAAGCGGCACGAG
TGTGAAACCCAAAAGAATTCCGTAAAGATATTTGTTTACATAACGAAGCAGTCAAGCAAGAAATATAGCAGTCGATCAATGACGGGGTACTTGCTAT
CAAGCCAAAAATGTTGTTATTATATGAAATCTATATATAGTAGATAAAAACGTATAACATAAGCACACGATTATTATGCTAACGTACTTAAGATATG
ATAATGATAATAATATGTGTTATACATATATATGATGATAAAAAGATAGATATAATGGTACGAGAAAGTATTTGTAGATTATTATTATCAAACAAAA
AGAAAGGGTGTGGTAACATCGAGGGAACGAAAACTGCGAGCCAAAGCACGTTGCAAGATTAAAGGCACACCTTCGAACCTCCTAAAGAAAGGAAGTA
ACGGAAAAAATGAAAAAAAAAAGAAACAGGCCACAAGAAAGAGAACAGAGTACTGCTGATAAAATTGCTGATGTCTTTTTGTTCGGCCAATCTCCAA
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GTACTTTGAAGAAGTGCACGATTTATGACTCCGTTGATTAAGAAGTGCACTTTTATTGAAAAAAAAGACCTTAGAAATATATGGAACTAATCGTTTC
TACTAGGACTATAATATCCCGCAGCTTATAATAATATAATCCAGCTAAAAGCTCATCTTAGGTACTGGGATTAGGAAAAACATTATTCTACGTCTGA
TGGAAAGTGTATTGATACTGGCACTAATCAAGCGTAGATTCAGAGGGGTTTTCGGTTCGTTAAGTATTCACTCGCGACACGGCCGTATACCAGCTTT
CGTGCTCCACACTCTGCTCGTAAAGTAAATAACACTACTCTATCGCTTATAACAAAAACCACCCCCCACTGAGCCACGGAAATGCTAATTCGAAGCT
GGAAAGAGAGAACAACTAACGATCAATAACATGTGACTGATAAAGCTTCAAAATAGTGCATAAGCTATATACGAGATAGTAACCAGGCAGGACGCAA
ATGATACCACACCGTAACCACTCTCATAGAGTCATTGGAAACACGGCTCTTATTCTACTGACGGTATTCTAACTTGCGACTTGTTCTACGCTACTTA
ATGCAATGAACGAAATTGTAATTCATTTTTTAATTTTTACATATATATTTCTTTTTATCACAAATGAATAATAAAACACATTTTTCAACAATAAATA
ACAATTCTGAATTAAGGAAAAATGAAAATACCAATAACTAAGGACTGCTGCGTGGAAGATACCCTATGGTAAGTTCACGTCTTCGTCTGACGAGAAC
AAAAGTAATTGCTAATCCCACAGATCTTCACTAAGAGACCCTTGATTCTCCCTTCCAGCAATATCGGACCCGAACGCAGCAACTAATATCAATGACA
GGGCGGACAATAATATCACCAAAAGCAAGGAGAGAGTCTCAATAGGGAAGAGACGACCCATAGATTGTCAAATATAACAACTACGTACTTTAGAGAC
ACGGCGATAACAATGCAATGCCATAATGTTGTAAAAGTAAACATGCAAATGAAGAGAAAAAAGACAAGTAAAAATCAGAACGTCGACACACAAACGA
ATGACAGACACATACTGAGTTATAAATGGAAGCTAATAAACAATCAGATTAAAAGCAAGAAAAAACAAGCGGCACGAGTGTGAAACCCAAAAGAATT
CCGTAAAGATATTTGTTTACATAACGAAGCAGTCAAGCAAGAAATATAGCAGTCGATCAATGACGGGGTACTTGCTATCAAGCCAAAAATGTTGTTA
TTATATGAAATCTATATATAGTAGATAAAAACGTATAACATAAGCACACGATTATTATGCTAACGTACTTAAGATATGATAATGATAATAATATGTG
TTATACATATATATGATGATAAAAAGATAGATATAATGGTACGAGAAAGTATTTGTAGATTATTATTATCAAACAAAAAGAAAGGGTGTGGTAACAT
CGAGGGAACGAAAACTGCGAGCCAAAGCACGTTGCAAGATTAAAGGCACACCTTCGAACCTCCTAAAGAAAGGAAGTAACGGAAAAAATGAAAAAAA
AAAGAAACAGGCCACAAGAAAGAGAACAGAGTACTGCTGATAAAATTGCTGATGTCTTTTTGTTCGGCCAATCTCCAAGTACTTTGAAGAAGTGCAC
GATTTATGACTCCGTTGATTAAGAAGTGCACTTTTATTGAAAAAAAAGACCTTAGAAATATATGGAACTAATCGTTTCTACTAGGACTATAATATCC
CGCAGCTTATAATAATATAATCCAGCTAAAAGCTCATCTTAGGTACTGGGATTAGGAAAAACATTATTCTACGTCTGATGGAAAGTGTATTGATACT
GGCACTAATCAAGCGTAGATTCAGAGGGGACTGATATAAATGTTCCAACTAATAATACCTGATAATGATTTAATATTGACGCAAAGGTCTGGTGTAA
AAAAGTTACCAAAATGACGAATTAATTCGTTTAATTTTGTTTTGTAGTCAATATCTCAGTCAGTGCGATCGGATTGCACCTTACTTACTTAAATCTT
ATCTAGCTTTGTTTATCTGTCAGTATAATGACGGAATTTATTTTTTATCAGACAAAAATTGCACAAACGTTAAAATAATAATTAATTATGCCATTCT
CAAAGAAATTACCACAATCATCGCTAAATGAATCGACTAATGCTCATTATATAGCCTTGCAATTCTTCCTTCCATAGATTTTAAGAAAGGCCTTTAC
TAACCTATGTGTGTTTATATATTATTGCAACCAAATTATGCTGCGTTTGAAAATACAAAGCCTA

Figure 2.3 (A) Preprohormone sequence of genes coding for Allatostatin B from various
species in Phylum Arthropoda, indicating the multiple mature peptide in a gene sequence.
The color scheme is same as indicated above: green color = Signal peptide, yellow color =
mature peptides, red color = monobasic and dibasic cleavage sites. The sequence with red
font represents accessory proteins. (B) Multiple sequence alignment mature peptide
repeats, representing the conservation of the amino acid at particular position in respect
with C terminal. The color distinction represents the Class distinction of species to which
they belong. The consensus sequence is given at the end of the alignment. (C) Figure
represents the gene structure for both V. destructor and V. jacobsoni. The signal peptide is
indicated in bold and italics font. Red color represents the dibasic cleavage sites, yellow
color of sequence represents the mature peptide, pink color represents amidation site.
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(4A)

Ixodes scapularis

MNSWRAFEMECTDOVMAVMMNMACAA YRKPPFNGS I FSl§ SRADLNNADVKYAMCEAVWDTCTQWEPITQ

DGAQ

Araneus ventricosus

SR ERAT VT IV INPARSRK PPFNGS I FffiljF VR DMDVDNRGGS DFRHPACE Y VY DACNQWYMN

GQODSO

Varroa destructor

N RCEATYINCASTEETDVNYRK PPENGS I FElNNGLVAGRVAGODDRGVCEVLLDACGQLLQSVIDQ

oGV

Varroa jacobsoni

R A N CAS TR TDVNY R PPENGS I PN N GLVAGRVAGODDRGVCEVLLDACGQLLOSVIDQ

QGV

Nephrops norvegicus

SO R A A A VAT DPVSA G YRKPPFNGS I FfSl]2 GADPLFEPGKGLASVCQVAVEACAAWE

PVPEKK
Daphnia magna
MMRPSENTVVCEVE I SEWCOIVEGTRKLPFNGS I F{Slj SN PGAGKHAASPNFQLLCDAAMNACSDWLP

IGSN

Drosophila melanogaster

AR T VARTIEESSEA~ YRKPPENGS I FEN SL DY DS AKMSAVCEVAMEACPMWE POND
SK

Apis mellifera

M STREVIAVVARTEVIATSVDAA YRKPPFNGS I Bl SNT I TDYE I TSRAMS SVCEVVSETCNAWLSRQ
DSN

(4B) Sub-phylum Phylum
D. melanogaster SIF YRKPPFNGSIF Hexapoda

A. mellifera SIE AYRKPPENGSTE] p

N. norvegicus SIFE GYRKPPENGSIF]

D. magna SIF RKPFNGSIF Crustacea

> Arthropoda

AYRKPPENGSTE]

B KPPFNGSIF Chelicerata

CONSENSUS ayRKpPENGSIF
(4C)

Varroa destructor
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AACATTTTTTGTCCAAAACTCTTCTACTCTCTATAGAGATCTTCGGATATCCATCTTGATGACTGATAACCTAGTTG
GATACAACATGTTGCGATTTGGCATCTGAAAGGARATACAAATCTTAGAATAATGCTCGACCCTGTCTCTCGTTGGA
CATCCTACTGTCGTACTCCAATATTGTAAACAGTAAACAATGATTTAAATTTAAGCGGTTCCGCTTTTGAAGGTARA
AAAARAATGAAACATAACTGGTGACTCGAAAAATGAAAAACAATGTCAGTTGATAATATACTCACACAGCTGCTATG
AGCATAATTTATATAGATTCGTGAATTGATTTATACACCCGATAGCTCACTGARAGCCATCAATTCCACGAAGATAC
TGTTGTTAATTGTCACAAAATTTTACCCATTTTTTCCTGTTTCCTTCAGGATCATGCCATTTCTGCCTAATAATACC
TACTACGCAACTTCTCCATCGGTCAGCAAGTTGTGTTAGATTAGTTTATTCACTGTATTCTGTCGAARRAAGTTTTC
ACCCAGACCTCAAACCACCCAAACCTTAGCTCTATTCTTCGATAGTTCCAAGCCTTTTGAAAGACGAAATTTAATTG
TTGTCGTGAATTGTGATCGTTTAAATGATTGCTACGTTGTTAATTGAAAGTGTTTGTTGCGCTATGATTAAGCCTCT
GTTGTCCTATGACCAGTAAAGTTGGACCTCGATTTATAACCGTTTGAAGCCAATCTTCACAGCACTAGGGCAATGGA
GGGACATCTGCAATGTAAAATGTTGACCGAACTCAGTATGGGCTGCGTATGGTTCGATGTTTAGCTCTATATTTAAT

M VR CLATLTYTLM
GTGCGCCTCGATCTTGCATTTCACTGATGTCAACTACCGAAAACCTCCTTTTAATGGAAGCATTTTCGGCAAGCGAA

C A SILHFTUDVNTYHZRTEKT PZ®PTFNSG G s I F E R

ATAATGGCCTTGTGGCGGGGAGAGTCGCCGGTCAGGACGACCGGGGAGTTTGTGAGGTTTTGCTCGACGCATGCGGG
N N G L VA G RV A G QD DR G V CE V L L D A C G

CAGCTCCTACAGAGCGTCATCGACCAACAAGGAGTATGATTGTGTGAAACAAACACGCAGGCACGCCCAGGAACCT

L L ¢ s Vv I D Q Q G VvV *

TGACTTACCCAGCGTCTGATCGTGGCCACATCACGGTGGTGGTATCTCTTGAAAAGCTATTTCTTAAACCCGCCTAC
TTCCACATAAGGGGCCTATAGCAATGTTTCCTTCATCAGGATATACTGAAAACGTCGTAACGTGTTTCCTTTGCAGA
TATTATTTAAACGTGGCTCACATATGACCATGCGGATGCCTTGTTTCGTAGCCGAGAACTGTTACCGAAGGCCGTGC
TACTGCGTCTGGCCAAATCATGTATATATGAAGTCGTCGGCGACAATAACAGACACATCCAGTATTTTCTATTATTC
GGTAACATACAACAAATGATGTGTGCTCAGTATGACGGAATAACAAAGATATGAATCGGCTTTCGAGCAAATATATC
CTATGATAGAATAAATTAATTTTCCGCTGTCGCCTACCTGTCTATGGAAAAAGAATCATTATCACAGTGAGTCTTAA
TTACACGTAATAGGGATAGCAGGAGAACGGTCTTAAACAAAGTTTCGCCAGTTAGCGCGATAAATCACGCAGCGGCT
GATACAGTGAATTCGCTGTACTTGAGAATAGAGTACAAAAGGAAAGTCCACGCTATAGTTAAATCATAACAATAACA

AGA

Varroa jacobsoni

A g

CAGTATGGGCTGCGTATGGTTCGATGTTTAGCTCTATATTTAATGTGCGCCTCGATCTTGCATTTCACTGATGTCAA

M VR CLALYLMTCA ASTIULU HTFTUDVN

CTACCGAAAACCTCCTTTTAATGGAAGCATTTTCGGCAAGCGAARATAATGGCCTTGTGGCGGGGAGAGTCGCCGGTC
Yy R K p P F NG s 1 Fr BB ~N~OGLVAGU RV A G

AGGACGACCGGGGAGTTTGTGAGGTTTTGCTCGACGCATGCGGGCAGCTCCTACAGAGCGTCATCGACCAACAAGGA
© b bR GV CE VL L D ACGQ L L O S V I D O O G
GTATGATTGTGTGAAACAAACACGCAGGCACGCCCAGGAACCTTGACTTACCCAGCGTCTGATCGTGGCCACATCAC
vV o %
GGTGGTGGTATCTCTTGAAAAGCTATTTCTTAAACCCGCCTACTTCCACATAAGGGGCCTATAGCAATGTTTCCTTC
ATCAGGATATACTGAAAACGTCGTAACGTGTTTCCTTTGCAGATATTATTTAAACGTGGCTCACATATGACCATGCG
GATGCCTTGTTTCGTAGCCGAGAACTGTTACCGAAGGCCGTGCTACTGCGTCTGGCCAAATCATGTATATATGAAGT
CGTCGGCGACAATAACAGACACATCCAGTATTTTCTATTATTCGGTAACATACAACAAATGATGTGTGCTCAGTATG
ACGGAATAACAAAGATATGAATCGGCTTTCGAGCAAATATATCCTATGATAGAATAAATTAATTTTCCGCTGTCGCC
TACCTGTCTATGGAAAAAGAATCATTA

Figure 2.4 (A) Preprohormone gene sequence encoding SIFamide neuropeptide among
various species in the Phylum Arthropoda. The color scheme is same as indicated above:
green color = Signal peptide, yellow color = mature peptides, red color = monobasic and
dibasic cleavage sites. The sequence with red font represents accessory proteins. (B)
Multiple sequence alignment mature peptide repeats, representing the conservation of the
amino acid at particular position in respect with C terminal. The color distinction
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represents the Class distinction of species to which they belong, blue is for Class for
Hexapoda, yellow is for Class for Crustacea and green is for Class Chelicerata. The
consensus sequence is given at the end of the alignment. (C) Figure represents the gene
structure for both V. destructor and V. jacobsoni. The signal peptide is indicated in bold
and italics font. Red color represents the dibasic cleavage sites, yellow color of sequence
represents the mature peptide, pink color represents amidation site. Arrow represents the
positioning of introns
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(5A)

Varroa destructor:

RGP P ACCIIEENINS T = SAOAARFAASPDAARERSATTRLGDDLSLPNVRSDARY PSSSAQQSFGGSOA
SIVDTFENCAALFQFALDNLSPEERQTALANWCSKALSKNIEDVNDDSMLIGNSEMLLGJAVKIQKFMHFHIGE
LDAFSTGSAPSAVDMDKHAGONRMLHF{ElYNTFADYQDAPDRNEALRQLDE PAJAGONRMLHF{SllS PNRFMHE§
EBveDsorLEFElI FDOSDFESY PNKHVNREFMHFEiDDEQADAATNLEHALDDDF VL DNNRFMHFEIRAE SO
KYMHF{GS SNELGLDSDSTASSYMDRLLENSGKNRY VEF{EllS TNRFMEFl]A E LGOELGSGTFPVDVEDNSFL
VDQODQLHERRRRSILSDADGAGFRVEFGLDTKEIRPASQKREFTITYPSPIFQQALLRHRLDLLDKVDVEDSDGGLN
GVSGPLGQSGSGPLNQRQPNTATFIGSEDLLDRMGRSEQFQIPQPRVQSRWTJPDRNVELHE

Varroa jacobsoni:

RGP PTG ACCINEEMINS 1= S A OAARFAASPDAARERSATTRLGDDLS LPNVRSDARY PSSSAQQSFGGSQA

SIVDTFENCAALFRFALDNLSPEERQTALANWCSKALSKNIEDVNDDSMLIGNSEMLLGJAVKIOKFMEFIGE

LDAFSTGSAPSAVDMDKHAGONRMLHFGl|yNTFADYQDAPDRNEALRQLDE PAJAGONRMLHF{SllS PNRFMHE§

.NPDSQFLHF IFDQSDFESYPNKHVNREMHE SO DEQADAATDLEHALDDDE VL DNNREMHF S~ E SO

NDSTASSYMDRL NSGKNRYVHrSTNRFMH AELGQELGSGTFPVDVEDNSFLVDQQDQLHERRRRSIL
FT

SDADGAGFRVEFGLDTKE IRPASQ ITYPSPIFOOALLRHRLDLLDKVDVEDSDGGLNGVSGPLGQSGSGPLNQ
ROPNTATFIGSEDLLDRMGRSEQFQIPQ PRVQSRWTIPDRNVFLHFI
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Sub-phylum Phylum

~ Hexapoda

. norvegicus ~
. norvegicus

. norvegicus = Crustacea
affinis
affinis ,

~ Arthropoda

> Chelicerata

CONSENSUS

Figure 2.5 (A) Preprohormone sequence of FMRFamide gene with FMHF C terminal motif
sequence. The color schemes is as follows: green color = Signal peptide, yellow color =
mature peptides, red color = monobasic and dibasic cleavage sites. The sequence with red
font represents accessory proteins.(B) Multiple sequence alignment of mature peptides of
FMRFamide genes from various species belonging to Phylum Arthropod. Amino acid R at
2nd last position near to C terminal end is highlighted in blue color as R. The color
distinction represents the Class distinction of species to which they belong, blue is for Class
for Hexapoda, yellow is for Class for Crustacea and green is for Class Chelicerata. The
consensus sequence is given at the end of the alignment.
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Figure 2.6. Multiple sequence alignment of orcokinin B mature peptides of from orthologus

Orcokinin genes across the Phylum Arthopoda.
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(72)

Varroa destructor

RS ORRPINS D 2. A SESGGSGNSMVAQLLAGKSGIEESALREFDEEAY DVCfy TALEDT
EfTGVELPLOGGNFRESVGGGSLNTARDGIVGDEEDGEATSTGIALSRE IJPPSRARVYAYRGQGEEGDYGVSTE
YTKVVS SKlJSCIRRGGSCDARPGDCCYHSSCRCNLWGTNCRCMRMGLLORW I NEHER

Varroa jacobsoni
RSN ORREEES Do 2 A SESGGSGNSMVAQLLAGKSGIEESALREFDEEAY DVCJy IALEDT
EfTGVHLPLOGGNFRESVGGGSLNTARDGIVGDEEDGEATSTGIALSRE IJPPSRARVYAYRGOGEEGDYGVSTE
YTKVVS SKl|SCIRRGGSCDARPGDCCYHSSCRCNLWGTNCRCMRMGLLORW I NERER

(7b)

V. destructor Agx SigiaC IRRGGEICDINRP@DCCY5ISSCRCNLWGTNCRCMRMGLIRORWEN

V. jacobsoni Agx SlaC IRRGGEJCDIARPEDCCY|sISSCRCNLWGTNCRCNMRMG LIBORWENN .

I. scapularis Agx SglC IRRGGEICDHRPNDCCYNSSCRCNLWGTNCRCQRMGLE QSN gk Chelicerat
T. urticae NS> S S B C T RREGMC DR PRIDC CAN S CRCNLWGANCRCORMGLF QRIS

P. americana Agx  A--[0 NNEENGNENCK NUGIEEGNGAIE . NG NTENNS

O VBRSNS B C T HRECINC DHR PIADC C YFS SCRCNLWGENCRCORMGLEQ :}VHexapoda
T. castaneum Agx A——CIRRGGNCDHRPNDCCYNSSCRCNLWG NCRCORMGLFQ

P. vannamei NP SIS C T RRYGIAC DHRPIYDCCYNSSCRCNLWGTNCRCQRMGLFQEES :}_

JEORPY IS RCRY ISR NS < B 1 1 - G il C DHR PIDCC YN S SCRCNLWGTNCRCORMGF O Crustace
consensus s CirRgG CDhRP DCCynSsCRCNLWGtNCRCRMGlfQrw

(7c)

Varroa destructor

TCAAGTAGCTATAAGCAAGTTTGCTTGGAGCGCACACTTGGTGAGGAAGACAGCGACGACAGGCAGTTTTATGCAAAGGACGGCAA
AACAAAGCGAGTTGCAGTAGAAGCGTACGGCACTCAGCTTTGCTGCAAGGGGCCGAACGGAAACAGCGTACGCAGAAATTTGAGTG
AATCACATTGAACACAGTAATTACTTGCTACTAGTCTTGCCTAATCCCTTCCCGCCTTTCTTCGCTCCTGCAGAACAGACTAAACT
TATTTTACTCAACAACACTGGTAACTGCATTATCGAAATTTTTAGCAGAAAGAGTTGACATTGTTATTAAGAACAAAGTAAAGGTG
ACTAATCTCCTTATTCACTAACTGCTAATTAATGAACGACTATTACATTATTAAGGTGTGCAAAAGTGTTGGTGCCAGAGGGTGAA
CGACTAATAAAGAAGAATCTCAGTGAAGACGAAACAGTTTCTGTGCGATTCTGACAAAGTATTATCGGACCGTATTGTGTTGTCTG
GTGAAACTGAAAGCTGAAGACGGCAAAGGCTGGCAGTCGGCTTCGCTTAAAAGCGGGAAAAATCTCGTCTACTCGTGTGAGCGAGC
TGCGTGTCAGCTCGCGATTGTTCCTGCTACGTCGTGGCATGGAGAGGCCCCTGTTATCCTTCGAAGGACTCATCTTCCTGCTATTG

ﬂ' M E R P L L S F E G L I F L L L

TTACTACTCTATCAAATTAAGCCCATTCACTCAGATCCGGCGGCATCGGAAAGTGGTGGAAGCGGAAATTCTATGGTGGCTCAGCT
L L L Y Q I K P I H S bD P A A S E S G G S G N S M V A Q L

GTTGGCTGGAAAAAGCGGGATTGAGGAATCGGCATTACGAGAGTTCGATGAAGAAGCATATGACGTTTGCCGACGGTATATTGCAC
L A G K S G I EE S A L R E F D EE A Y DV C R R Y I A

TGCACGATACCGAACGACGCACTGGAGTGCATCTCCCACTACAAGGTGGGAACTTTCGGGAATCGGTTGGCGGTGGGTCTTTAAAC
L # DTERR TGV HL P L Q G GN F RE S V G G G S L N

ACTGCAAGAGATGGTATTGTAGGAGACGAGGAAGACGGTGAAGCGACTTCGACAGGAATTGCCCTTTCGAGGGAGATCAGGCGGCC
T A R D G I V G D EE D G E AT S T G I A L S R E I R R P

GCCATCACGAGCCCGCGTTTATGCCTACAGAGGGCAAGGCGAAGAGGGCGACTACGGAGTATCGACAGAGTACACAAAAGTGGTCT
P S R A RV Y A Y R G Q G E E G DY G V S T E Y T K V V

CTTCGAAAAAGCGCAGCTGTATCAGACGTGGCGGATCTTGCGACGCTCGTCCGGGCGACTGCTGCTATCATTCGTCATGTCGCTGC
s s x B s c I RR GG S CDA ARZPGUDTCTCYHS S CRC
AATCTTTGGGGCACCAACTGCCGATGCATGCGTATGGGCCTACTGCAGAGATGGATCAATGGTCGGCGTCGCTGAATGCCAGATAT
N L W G T N CURCMUZ RMGTLTUL o R W I N E§ FIEE *
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GCAGAGAACGCGGTTACGACCAGCTGCTGACACCCGCTACCCCAGTGATTACAGCTCTTACTACTACTACTATTATGATAACACTA
CGCACTATGCTGATGCCGCTGCTCGAGATTAAATCGAATATATGATACGATAACAATGACATTGCAGATCCGCATGTCATATAATC
GTACCAAGGTGACTTGTATCAAACGATTACCTAATTCGTTACTATTGTAATAAGCGAAGTGACGCAGCGAATCGGATATATGAGCG
ACGGTGGCATTCTTGCAATTACCGCAAACCCCCCACCCCACTCCCGCCTCTACCTGACGCCTACGCTACGAAAGTGAAAAATTCAG
AGCCCCAATAAATACGTACTGCATCATCATTCGAAATGTTGTCAGACTAGACTTTATCTAAAAGCACTAATGAAACTATAACAAGC
AAAATATTTATAGGTATGACACGTTTGCATTTATAGACGGAACGCTGGTTAGCGCTTCATATGATCCGACGATCCTTAACGAAACA
TCTTGAAATTCTAGGTCTAGGAAGAAAGGTCACGTTCCTTAGTACAGCTTGTGTTCTCGTTCGCGCGTGCGACGACCTTACTAGCA
CATCGAATGCAATGTGCTTCAAGCCACTCCAGAAGAAGAGAAGAACCTAGACAAAGACCAGTAGAATCCTCATTATAGCTTCGTCG
TCTTAGATGACCCAATAGCTTAGGTCCTGATCTCTTCGAAATCAAGTTGTTTCTCTCGAAGCTCGGTGCTTTCTTCTTAAAGCAAA
CATGCTTTTACGGTTGTACGTAATCTGTCCGCCCGAATCAGTTAAATGCAATTCAAAGAGCTCGCTTAAATAGAAGAGAGAAAAAT
TTCTTATCACCTATCGGCTAAATGCACATTATAATGCCATCCAACGGGTGGCGATATAGCGAAGAAAAAATACAGGGACATTTGCG
CAACAATCCTCACTACCCGTACGTGTTTTCCGTCGGTTGAAGACATAAAAAACGGAAATTTATCATATGTCTTTCTTAAGCACGTT
CTCTAATTGACATATTAGGTCGACGCAACTCGTGTTGCGTATATTTTGGTCACTTGGGAACCTGAGCGGGTCCCTCGCTGACAGAC
TTCTCAGAATGACTTCGCTTAATGACCGCTTCTGTCTCCTTTGCCTAGCTTCTTCGCTTCAATTCTTTTCAACAGCTACGGCTTCG
ACGCTTCATTGGATTCGCCATGTCCCTCTGGTCTACCTCATTCTTGATTACCCAAGTGGCGAACACTCGTTTAGCCAGAAGCAGCT
TGTCATGACATGGCAACATTTGCTGCTACTGAACCTCGTGGTAGGTATAACTATGACTGAATTTTTACGAATATTAGTAGTGATTA
AGGATCATTGCTGTTGCCATATAACAGTACTAACAATAGCTAATATGACTATTAGTATTTTGCCGACCTAGCGTCGCCAAGCGTCG
GCGATTCATGGAACAGTCCGAGGAACCTCTCGCACGCAAAAGTACTCTAGTAAATATCTCATTGATAGAGAGTAAAAACGAGTAGC
AATCTAACACAGTCTGATCAATGTAGCCTGATTATTATTGTTCAGATTCGTGGGTTTCGGATACGTAGCTCTGATACGCGAAGGCC
CCGTTGCTCTCGCCGTTCCAATGTTGAAGTGCTAGTCGTGATCAATTGAACAATAAACAAATGAATAATTAAATCGAATAAATATT
GAATACATCAAGTATGTCAGCTGTCTATGTCAATGTGATTAGTTCTTTTTCCTCAGAAATACTTATATATATATGCAGAAGAAAAT
ATATATATATAAGCAAGTACGCCCTGACTAGTAGATACAGAACTGCGTGTCGGTGATATACAGGTGTCATAGCACAGGGTAATATC
CTTTATCTATCCCGTAACAGGATCGCTTTGGTTTATACTTAACTGTAGTGA

Varroa jacobsoni:

GTGTGAGCGAGCTGCGTGTCAGCTCGCGATTGTTCCTGCTACGTCGTGGCATGGAGAGGCCCCTGTTATCCTTCGAA
M E R P L L S F E

GGACTCATCTTCCTGCTATTGTTACTACTCTATCAAATTAAGCCCATTCACTCAGATCCGGCGGCATCGGAAAGTGG
G L I F L L L L L L Y Q I K P I H 8 D P A A S E S G
TGGAAGCGGAAATTCTATGGTGGCTCAGCTGTTGGCTGGAAAAAGCGGGATTGAGGAATCGGCATTACGAGAGTTCG
G s G N S MV A QL L A GG K s G I EE S A L R E F
ATGAAGAAGCATATGACGTTTGCCGACGGTATATTGCACTGCACGATACCGAACGACGCACTGGAGTGCATCTCCCA
p £ E A Y DV CR R Y I A L H DT E R R T G V H L P

CTACAAGGTGGGAACTTTCGGGAATCGGTTGGCGGTGGGTCTTTAAACACTGCAAGAGATGGTATTGTAGGAGACGA
L o 6 66 N F RE SV 6 G GG S L N T AIRDG I V G D E
GGAAGACGGTGAAGCGACTTCGACAGGAATTGCCCTTTCGAGGGAGATCAGGCGGCCGCCATCACGAGCCCGCGTTT
E D G E AT S T GG I A L S R E I R R P P S R A R V

! !
ATGCCTACAGAGGGCAAGGCGAAGAGGGCGACTACGGAGTATCGACAGAGTACACAAAAGTGGTCTCTTCGAAAAAG
Y A Y R G Q G E E G DY G V S T E Y T K V vV S5 S K
CGCAGCTGTATCAGACGTGGCGGATCTTGCGACGCTCGTCCGGGCGACTGCTGCTATCATTCGTCATGTCGCTGCAA
I s ¢ I R R G G s ¢C b A R P G D CC Y H S s C R C N

TCTTTGGGGCACCAACTGCCGATGCATGCGTATGGGCCTACTGCAGAGATGGATCAATGGTCGGCGTCGCTGA
L W G T N CcCRCMZBRMGTLTZLorRw I N §E HINE *

ATGCCAGATATGCAGAGAACGCGGTTACGACCAGCTGCTGACACCCGCTACCCCAGTGATTACAGCTCTTACTACAACTACTATTA
TGATAACACTACGCACTATGCTGATGCCGCTGCTCGAGATTAAATCGAATATATGATACGATAACAATGACATTGCAGATCCGCAT
GTCATATAATCGTACCAAGGTGACTTGTGTCAAACGATTACCTAATTCGTTACTATTGTAATAAGCGAAGTGACGCAGCGAATCGG
ATATATGAGCGACGGTGGCATTCTTGCAATTACCGCAAACCCCCCACCCCACTCCCGCCTCTACCTGACGCCTACGCTACGAAAGT
GAAAAATTCAGAGCCCCAATAAATACGTACTGCATCATCATTCGAAATGTTGTCAGACTAGACTTTATCTAAAAGCACTAATGAAA
CTATAACAAGCAAAATATTTATAGGTATGACACGTTTGCATTTATAGACGGAACGCTGGTTAGCACTTCATATGATCCGACGATCC
TTAACGAAACATCTTGAAATTCTAGGTCTAGGAAGAAAGGTCACGTTCCTTAGTACAGCTTGTGTTCTCGTTCGCGCGTGCGACGA
CCTTACTAGCACATCGAATGCAATGTGCTTCAAGCCACTCCAGAAGAAGAGAAGAACCTAGACAAAGACCAGTAGAATCCTCATTA
TAGCTTCGTCGTCTTAGATGACCCAATAGCTTAGGTCCTGATCTCTTCGAAATCAAGTTGTTTCTCTCGAAGCTCGGTGCTTTCTT
CTTAAAGCCAACATGCTTTTACGGTTGTACGTAATCTGTCCGCCCGAATCAGTTAAATGCAATTCAAAGAGCTCGCTTAAATAGAA
GAGAGAAAAATTTCTTATCACCTATCGGCTAAATGCACATTATAATGCCATCCAACGGGTGGCGATATAGCGAAGAAAAAATACAG
GGACATTTGCGCAACAATCCTCACTACCCGTACGCGTTTTCCGTCGGTTGAAGACATAAAAAACGGAAATTTATCATATGTCTTTC
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TTAAGCACGTTCTCTAATTGACATATTAGGTCGACGCAACTCGTGTTGCGTATATTTTGGTCAGTTGGGAACCTGAGCGGGTCCCT
CGCTGACAGACTTCTCAGAATGACTTCGCTTAATGACCGCTTCTGTCTCCTTCGCCTAGCTTCTTCGCTTCAATTCTTTTCAACAG
CTACGGCTTCGACGCTTCATTGGATTCGCCATGTCCCTCTGGTCTACCTCATTCTTGATTACCCAAGTGGCGAACACTCGTTTAGC
CAGAAGCAGCTTGTCATGACATGGCAACATTTGCTGCTACTGAACCTCGTGGTAGGTATAACTATGACTGAATTTTTACGAATATT
AGTAGTGATTAAGGATCATTGCTGTTGCCATATAACAGTACTAACAATAGCTAATATGATTATTAGTATTTTGCCGACCTGTCGCC
AAGCGTCGGCGATTCATGGAACAGTCCGAGGAACCTCTCGCACGCAAAAGTACTCTAGTAAATATCTCATTGATAGAGAGTAAAAA
TGAGAAGCAATCTAACACAGTCTGATCAATGTAGCCTGATTATTATTGTTCAGATTCGTGGGTTTCGGATACGTAGCTCTGATACG
CGAAGGCCCCGTTGCTCTCACCGTTCCAATGTTGAAGTGCTAGTCGTGATCAATTGAACAATAAACAAATGATTAATTAAAACGAA
TAAATATTGAATACATCAAGTATGTCAGCTGTCTATGTCAATGTGATTAGTTCTTTTTCCTCAGAGATGCAGAAGAAAATATATAT
ATATATAAGCAAGTACGCCCTGACTAGTAGATACAGAACTGCGTGTCGGTGATATACAGGTGTCATAGCACAGGGTAATATCCCTT
ATCTATCCCGTAACAGGATCGCTTTGGTTTATACTTAACTGTAGTGAAAGGAAGCTTTAAATGAATGTCTATCCATAGCGTCGCGG
TGAGTCTATCACCAGTCGTAATAGCGAAGTCTACGAACGGTCGCGTAAGTTTTAACTGTCTCCACACGAAACACAGCAGCCTGGTT
TACCTGGCGCAACATAGAGAGCTTGTCGGCACTACTGCCCTGTTCTATTATTCGATACCCGCTTAGGTCGTCTAAGTAAATCAGAG
TTGATAACGCCATCGAGGGAGGGACAAGGCGTTTAGGTTTCAGCTGACACTAATCCTAGGTTATATGTATCATTCTCTCGTGTAAA
TTTTAATGTATAATAAAGCAGTATATATTTATACAA

Figure 2.7 (A) Preprohormone gene sequences of agatoxin like neuropeptide in Varroa mite
. The color scheme is same as indicated above: green color = signal peptide, yellow color =
mature peptides, red color = canonical monobasic and dibasic cleavage sites. The sequence
with red font represents accessory proteins. (B) Multiple sequence alignment mature
peptide repeats, representing the conservation of the amino acid at particular position in
respect with C terminal. The color distinction represents the Class distinction of species to
which they belong, blue is for Class for Hexapoda, yellow is for Class for Crustacea and
green is for Class Chelicerata. The consensus sequence is given at the end of the alignment.
(C) Figure represents the gene structure for both V. destructor and V. jacobsoni. The signal
peptide is indicated in bold and italics font. Red color represents the canonical dibasic
cleavage sites, yellow color of sequence represents the mature peptide, pink color
represents amidation site. Arrow represents the positioning of introns.
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(8a)

Varroa destructor
S ARG ARG - = OF HAFQGTATGHGRAASDTEMMNATRT ILLRSLRSPRYHGGTS
BB DvVERFPEVNARGFESDIFDEGFGDFSPVIER

Varroa jacobsoni
S ARG ARG - = OF HAFQGTATGHGRAASDTEMMNATRT ILLRSLRSPRYHGGTS
BB DvVERFPEVNARGFESDIFDEGFGDFSPVIER

(8b) Sub-phylum  Phylum
P. americana CLP 1

P. americana CLP 2 u d

P. americana CLP 3 cxapoda

A. mellifera CLP

P. vannamei CLP Arthropoda
H. azteca CLP } Crustacea

V. destructor CLP

V. jacobsoni CLP Chelicerataj

I. scapularis CLP

consensus KRkpemda GFh DtF egFGdFstm

(8c)

Varroa destructor
TCAAAGATGACAACTGCAACAAACGAACGTAAACAATAATGGCGCATAATTTTGAATAAGATCAAAAACGATGGTTG

AGTTCGACAAGTCGAAGTTTGTTGTGTTGCATTTCGTATTGAATGATCTAGCATAGTATGCATGGCCGTGTTACTCA
M A V L L

GCGTGTTTATTGCTACGGTTTTGTGCCTAGCGTTTCTGGCCGGGTCAGCTGCCGGTGCCGAAGAACAGGAACATGCT

s v r I ATV L CL A F L A G S A A G A E E Q E H A

TTTCAGGGAACGGCAACTGGTCACGGAAGGGCTGCATCGGATACTGAGATGATGAATGCGATCAGAACGATTCTATT
F 0O G T A T G H G R AA S DT EMMNA I R T I L L

GCGTTCTCTACGTTCTCCTCGCTACCATGGTGGTACCAGCCGCAGATACGATTATGTCAAGCGATTTCCGGAAGTCA
R s L R s P RrR Y HGGT s [l vyo vy v i F p E V
ACGCCCGGGGCTTCGAGTCAGACATTTTTGACGAGGGCTTTGGTGATTTTAGCCCCGTCAGGCGCCGATAGAGTAAT

N AR GFE s DTIU FODESGTFEFGDT Fs P Vv IR *

CATGCGACCACACAACAGAAATCCTCGAAGCCTGCGAAAGCGGCATTGAATGACAGGGTGGATGACGGGTGAATGAT
TGATGATCAAACGCTAATAATACAGTTATCGCCCGAACGGCAGGTAATTTATTGCACCCCGGAGGATGGAGCGAACA
GAAGATACCAGCTCGTGTATATTCACGCCCCAGTGAGAATCCAGCCTCCGGTCTCCGGGARRATAGCACCAAAGGAA
AGGCAAAAACAGTTCCTAAAAAAATACCTCATCGTAACCTGTTGTGCTGARAAGTTACGCCATAGACTTTGCGCGCA
GCAAGGATGCTTTCGCGGCAACACGTCATAGTGTCTAGTCAACATGTATTAACACGACGAACATAGCTGACGTCGCC
ATTGAAACGTGTAATGGAAAAAGATCATTCGTATAAGCACACGTGATCGCGTCACACTTTAGACTGATTTTACACTG
ATATAGATTTCTAATCAAATAGAACGATGTTACCATGCAAACAACAGCAGTTCGTGGATTTCCACCAGACCCCACTA
GGTACTGAATAATGACAGAAACGTCGTAACGGCAACGAGAGATCAACGGCAAAATGAAAATCAGCCCCACCAGTTAT
TATGAAGTGAAAATATCGATATCGTATCTCAGAAACTGAATCTCCCAAATTGATATCGCATAACTTACGACACGACA
CGACACGTTCCCACCGGAACGTTGCGCATAACTTAAGTGAATTACACTTACGCCGCGCTCGCAGCGACACACATGAC
ACGTTTACATGAAAACAGCATATTGAAAATTATAACTTATTCAAAACGACATATGTATATATATATACATATATTTC
TTTGATGCAACCAAAGAGAGGCGTGAATATTTGTTCGACGTTAATTATAAGACCCGAATGAGTGTTGGACTTCGCTG
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AATTGATCACTGCGAAGGTTAGCGAACCAAAATTAGCTAAGAAAAATTGAAGCTTGTTAGTGTCGGGAACTATCCCC
CGATAGAGAACAACAATCATAGAAGACCTATCAATCAGTCAGCGAGAATGAAACGAACCCACATACACATGTCCCGC
ATAACCAACCCCTGAACATGAACCCCTGAACCCCTGAATCTCAAAACTGAAAGACTTGCTGGAAGAAACGCCACTAT
ACATTAGATAAGAAAAAAGTGACCGGATAAGACTATGTTAGTAATCCTATTTTCGAATATTAGCCAAATAAAAAATA
TATGCATCGCAGATTGTGTATATATATATA

Varroa jacobsoni

CCGAAGGGCATTGCTTAAAGCTGTACCAAAACTGCAATTAAATCTACGTGTTTGTGAAACCCATATTATATATATGG
GCTTATTATATATAACTTATTATAATATATAAGTTATGTATATATATATATATATATTAAGTTTACGGTTAGTGTTG
TTTTATTGGTGAATCTTTTCACCCTTGGACCAGCCCCTTTATAGAAGACGAAAACGGTAGATTCGACTAAATTATAG

TGTTAGATACTAGAACTCACGGATGTGATGGACAATGGCACAAGCCGAAATAGCCGTGTTACTCAGCGTGTTTATTG
M A Q A E I AV L L S V F I

CTACGGTTTTGTGCCTAGCGTTTCTGGCCGGGTCAGCTGCCGGTGCCGAAGAACAGGAACATGCTTTTCAGGGAACG
A T Vv L C L A F L A G S A A GAZEE QE H A F Q G T

GCAACTGGTCACGGAAGGGCTGCATCGGATACTGAGATGATGAATGCGATCAGAACGATTCTATTGCGTTCTCTACG
AT G H G R A A S DT EMMNATIWRTTI L L R S L R

TTCTCCTCGCTACCATGGTGGTACCAGCCGCAGATACGATTATGTCAAGCGATTTCCGGAAGTCAACGCCCGGGGCT
s PR Y HG G TS RURYDY VvV [ F P EV NAR G
TCGAGTCAGACATTTTTGACGAGGGCTTTGGTGATTTTAGCCCCGTCAGGCGCCGATAG
F Es DI FoDEGT FEFGDTF s pr v IR *
AGTAATCATGCGACCACACAACAGAAATCCTCGAAGCCTGCGAAAGCGGCATTGAATGACAGGGTGGATGACGGGTGAA
TGATTGATGATCAAACGCTAATAATACAGTTATCGCCCGAACGGCAGAGGATGGAGCGAACAGAAGATACCAGCTCGTGTATATTC
ACGCCCCAGTGAGAATCCAGCCTCCGGTCTCCGGGAAAATAGCACCAAAGGAAAGGCAAAAACAGTTCCTAAARARATACCTCATC
GTAACCTGTTGTGCTGAAAAGTTACGCCATAGACTTTGCGCGCAGCAAGGATGCTTTCGCGGCAACACGTCATAGTGTCTAGTCAA
CATGTATTAACACGACGAACATAGCTGACGTCGCCATTGAAACGTGTAATGGAAAAAGATCATTCGTATAAGCACACGTGATCGCG
TCACACTTTAGACTGATTTTACACTGATATAGATTTCTAATCAAATAGAACGATGTTACCATGCAAACAACAGCAGTTCGTGGATT
TCCACCAGACCCCACTAGGTACTGAATAATGACAGARACGTCGTAACGGCAACGAGAGATCAACGGCARAATGAAAATCAGCCCCA
CCAGTTATTATGAAGTGAAAATATCGATATCGTATCTCAGAAACTGAATCTCCCAAATTGATATCGCATAACTTACGACACGACAC
GACACGTTCCCACCGGAACGTTGCGCATAACTTAAGTGAATTACACTTACGCCGCGCTCGCAGCGACACACATGACACGTTTACAT
GAAAACAGCATATTGAAAATTATAACTTATTCAAAACGACATATGTATATATATATACATATATTTCTTTGATGCAACCAAAGAGA
CGCGTGAATATTTGTTCGACGTTAATTATAAGACCCGAATGAGTGTTGGACTTCGCTGAATTGATCACTGCGAAGGTTAGCGAACC
AAAATTAGCTAAGAAAAATTGAAGCTTGTTAGTGTCGGGAACTATCCCCCGATAGAGAACAACAATCATAGAAGACCTATCAATCA
GTCAGCGAGAATGAAACGAACCCACATACACATGTCCCGCATAACCAGCCCCTGAATATGCGAATCTCAAAACTGAAAGAAACGCC
ACTATACATTAGATAAGAAAAAAGTGACCGGATAAGACTATGTTAGTAATCCTATTTTCGAATATTAGCCAAATAAAAAATATATG
CATCGCA

Figure 2.8 (A) Preprohormone gene sequences of Carausious like neuropeptide in Varroa
mite . The color scheme is same as indicated above: green color = signal peptide, yellow
color = mature peptides, red color = canonical monobasic and dibasic cleavage sites. The
sequence with red font represents accessory proteins. (B) Multiple sequence alignment
mature peptide repeats, representing the conservation of the amino acid at particular
position in respect with C terminal. The color distinction represents the Class distinction of
species to which they belong, blue is for Class for Hexapoda, yellow is for Class for
Crustacea and green is for Class Chelicerata. The consensus sequence is given at the end of
the alignment. (C) Figure represents the gene structure for both V. destructor and V.
jacobsoni. The signal peptide is indicated in bold and italics font. Red color represents the
canonical dibasic cleavage sites, yellow color of sequence represents the mature peptide,
pink color represents amidation site. Arrow represents the positioning of introns
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Table 2.1 Master table for neuropeptide genes sequence in Varroa mite

Varroa destructor

Varroa jacobsoni

Neuropeptide Gene ID Genomic scaffold Genome Location ﬁjﬁgzifn Gene ID Genomic scaffold Eigg?ﬁ 'r?jrcﬁgzifn
ACP LOC111255317 NW_019211454.1 33898821..33953892 ND LOC111255317 NW_019213753.1 49,643..49,831 ND
Agatoxin 1 LOC111251620 NW_019211458.1 6569367..6622879 XP_022664089.1 LOC111272178 NW_019214682.1 15,233..68,395  XP_022709201.1
Ast A LOC111245583 NW_019211455.1 12812683..12847710  XP_022649853.1  LOC111266071 NW_019213949.1 440,750..471,460  XP_022698967.1
Ast B, MIP LOC111251198 NW_019211458.1 13566989..13575746  XP_022663304.1 LOC111271347 NW_019214485.1 12947.22791  XP_022707817.1
Ast CC NA NW_019211459.1 457473...476208 NA LOC111262149 NW_019212968.17 155715..174947  XP_022691927.1
AVPL LOC111251516 NW_019211458.1 37691928..37694843  XP_022663895.1 LOC111260306 NW_019213330.1 55380..60593  XP_022688676.1
SBUUJS:::S” alpha LOC111247436 NW_019211454.1 29962554..2996675 ND LOC111264753 NW_019213797.1 111470.123359  XP_022696615.1
SBUUJS:%T beta LOC111264752 NW_019211454.1 106263..107475 XP_022663103.1  LOC111264752 NW_019213797.1 106263..107475  XP_022696614.1
CAPA LOC111250488 NW_019211457.1 51714512.51760895  XP_022661568.1 LOC111259753 NW_019213266.1 31448..80768 ND
g:;ggzious like LOC111243371 NW_019211454.1 21,911,437..21,917,170  XP_022644551.1  LOC111264254 NW_019213742.1 167,328.172,687  XP_022695704.1
CCHamide LOC111251153 NW_019211458.1 41671372...41685058 ND LOC111270805 NW_019213069.1 42877.79385  XP_022706958.1
CNMamide ND SRR8864012.46893032.2 ND ND ND SRR3632582.185051089.2 ND ND
Corazonin LOC11125154 NW_019211458.1 14346111...14349321 ND ND NW_019213155.1 869,641..878,081 ND
CCAP LOC111251821 NW_019211458.1 2879539...2886326  XP_022664588.1 LOC111263999 NW_019213714.1 212994..233585 ND
DH31 LOC111249899 NW_019213420.1 47101808..47111773  XP_022660097.1 ND NW_019213420.1 40,143..41,446 ND

58



DH44
EFLamide
Elevenin
FMRFamide
GPB5

ILP

ITP
Limostatin
MS

Natalisin
NPLP

NPF
Orcokinin A+B
PDF
Proctolin
SIFamide
SK
Tachykinin

Trissin

LOC111248063

LOC111245583

NA

LOC111249730

NA

LOC111244424

LOC111254306

NA

ND

LOC111251926

LOC111245611

NA

ND

NA

LOC111244398
LOC111250327

LOC111244598

LOC111250114

NA

NW_019211456.1
NW_019211455.1
SRR8864012.149089260.1
NW_019211457.1
SRR8100122.28924566.2
NW_019211459.1
NW_019211457.1
SRR8864012.120933285.2
ND
NW_019211458.1
NW_019211455.1
SRR5377265.26255811.2
ND
SRR8864012.106407301.1

NW_019211455.1
NW_019211457.1

NW_019211455.1
NW_019211457.1

NW_019211456.1

52194..65376

12812683..12847710

ND

17231306..17336819

ND

26300365..26356647

26240076..26241570

ND

ND

25869634..25889653

37797402..37826958

ND

ND

ND

37292708...37,307,956
10421903..10431642

22,115,403...22118584

21471185..21539680

4480771...4482045

XP_022655526.1
XP_022649853.1
ND
XP_022659724.1
ND
XP_022647275.1
XP_022670738.1
ND
ND
XP_022664805.1
XP_022649937.1
ND
ND
ND

ND
XP_022661115.1

ND
XP_022660581.1

NA

LOC111262624

LOC111270453

NA

LOC111260277

NA

LOC111262602

LOC111272461

NA

NA

LOC111262523

LOC111261041

NA

NA

NA

NA
LOC111264575

NA

LOC111265999

LOC111258892

NW_019213586.1
NW_019214375.1
NW_019213477.1
NW_019213729.1
SRR3632582.77147140.2
NW_019212976.1
NW_019214796.1
SRR3635105.101669407.1
SRR3635105.57299974.2
NW_019213574.1
NW_019213415.1
SRR3632582.185285521.2
SRR3632582.136591231.1
SRR11879882.65162670.2

NW_019213315.1
NW_019213779.1

NW_019214297.1
NW_019213941.1

NW_019213177.1

82282..133025

141959..173733

226133..329050

ND

419103..499376

22103..23654

ND

ND

49234..69894

4..29540

ND

ND

ND

156,016..156,126
51264..59285

106235...107248

149205..173384

4479103-
4484151

XP_022692751.1
XP_022706425.1
ND
XP_022688648.1
ND
ND
ND
ND
ND
XP_022692575.1
XP_022689983.1
ND
ND
ND

ND
XP_022696362.1

ND
XP_022698840.1

ND

e Cells highlighted with blue color represents data entries from SRA database for partial and full length genes.
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Neuropeptide gene highlighted with orange color represents gene found only in one
mite species.

Neuropeptide genes highlighted with green color represent correction in the
annotation at NCBI.

Manual annotation was done for the genes such as corazonin, diuretic hormone 31
and neuropeptide F, for which accession numbers from SRA database is given.

NA stands for not annotated while ND means not defined.

Neuropeptide genes not found

AKH

Ast C

Allatotropin

CRF like-DH (DH37/47)
EH

ETH

GPA2

Gonadulin/ILP 8
Hansolin

Insect kinin/leucokinin
Neuroparsin A
PaOGS36577

PTTH

iPTH

PK/PBAN

Relaxin

RFLamide

RYamide

sNPF
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Table 2.2 Neuropeptide sequences among various orthologous species.

Gene ID Accession number
. . . Drosophila . . Ixodes Tetranychus
Neuropeptide Varroa destructor Varroa jacobsoni P Apis Melifera . rany
melanogaster scapularis utricae

ACP LOC111255317 LOC111255317 ND ND ND ND
Agatoxin like peptide LOC111251620 LOC111272178 XP_003249808.1 XP_029835567.1  XP_025016647.1
AKH ND ND NP_523918.1 XP_006563609.1 ND ND

Ast A LOC111245583 LOC111266071 NP_001287511.1 NP_001161181.1 XP_029848989.1  XP_015783579.1
Ast B, MIP LOC111251198 LOC111271347 NP_648971.1 ND XP_0024340411  XP_015786537.1
Ast C ND ND NP_523542.1 XP_006570429.1 XP_002433459.2 ND

Ast CC SRR3635105.85904743.2 LOC111262149 NP_609483.2 XP_016907444.1 EEC00307.1 XP_015788542.1
Allatotropin ND ND ND ND XP_002407036.2 ND
AVPL LOC111251516 LOC111260306 ND ND XP_0298414931  XP_015785540.1
E”rS'CO” alpha subunit LOC111247436 LOC111264753 NP_650983.1 XP_006570932.1 XP_002407512.1  XP_015794519.1
SB”rS'CO” beta subunit LOC111264752 LOC111264752 NP_609712.1 NP_001035352.2 XP_002407513.2  XP_015784790.1
DH31 LOC111249899 SRR3632582.162967731.2 NP_723401.1 XP_026296832.1 ND XP_015781297.1
CAPA LOC111250488 LOC111259753 NP_524552.1 ND XP 0298253411  XP_015783322.1
Carausious like peptide LOC111243371 LOC111264254 ND ND XP_029831523.1 LOC112539265
CCHamide LOC111251153 LOC111270805 NP_001097784.1 XP_001120020.1 XP_029834159.1 ND
CNMamide SRR8864012.46893032.2  SRR3632582.185051089.2  NP_001189021.1 XP_001121373.1 ND ND
Corazonin LOC 11125154 SRR8864012.127467345.2 NP_524350.1 NP_001012981.1 XP_029827221.1 ND
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Crf like-DH (DH37/47)
CCAP

DH44

ETH

EH

Elevenin
EFLamide
FMRFamide
GPA2

GPB5
Gonadulin/ILP 8
ILP

ITP

Insect kinin/leucokinin
Limostatin

MS

Natalisin

NPLP

NPF
Neuroparsin A
Orcokinin A+B
PDF

Proctolin

ND
LOC111251821
LOC111248063

ND

ND

SRR8864012.149089260.1
XP_022649853.1
LOC111249730

ND

SRR8100122.28924566.2

ND
LOC111244424
LOC111254306

ND

SRR8864012.120933285.2

ND

LOC111251926
LOC111245611
SRR5377265.26255811.2
ND
ND
SRR8864012.106407301.1

LOC111244398

ND
LOC111263999
LOC111262624

ND

ND

ND
XP_022706425.1
LOC111260277

ND

SRR3632582.77147140.2

ND
LOC111262602
LOC111272461

ND

SRR3635105.101669407.1
SRR3635105.57299974.2
LOC111262523
LOC111261041
SRR3632582.185285521.2
ND
SRR3632582.136591231.1
SRR11879882.65162670.2

SRR3635105.58662445.1

NP_001097981.1
NP_001262846.1
NP_001097725.2
NP_524699.1
NP_001262668.1
ND
ND
NP_523669.2
NP_001104054.2
NP_001104335.1
NP_648949.2
NP_648359.1
NP_001163294.1
NP_524893.2
NP_611138.2
NP_001262911.1
NP_001097789.1
NP_001137760.1
NP_001262642.1
ND
NP_001261160.1
NP_524517.1

NP_001285728.1

NP_001012633.1
XP_001119829.1
XP_026299101.1
NP_001136079.1
XP_006557391.2
XP_003251276.1
ND
AC190290.1
ND
ND
XP_003250133.2
XP_026300673.1
XP_006571871.1
XP_016768546.1
XP_001121053.2
ACI90289.1
ND
XP_006559359.1
XP_006559366.1
NP_001035359.1
XP_016770158.1
XP_006570344.1

ND

EEC13046.1
XP_002402276.2
EEC10289.1
ND
EEC02578.1
AXL48134.1
EEC18598.1
ND
XP_029847619.1
XP_029847632.1
ND
EEC04486.1
XP_029827278.1
XP_029824648.1
ND
ND
XP_029837413.1
XP_029848113.1
ND
XP_029849075.1
XP_029842431.1
ND

ND

XP_015785266.1
XP_015795188.1
XP_015788551.1
XP_015790707.1
ND
XP_015781938.1
XP_015790582.1
XP_015790373.1
XP_015782352.1
XP_015781999.1
ND
XP_015782237.1
XP_015785389.1
XP_015790585.1
ND
XP_015786756.1
XP_015792419.1
ND
XP_015786552.1
ND
XP_015781985.1
ND

XP_025016906.1




PTTH

PTH

Pyrokinin (PK)/PBAN

RELAXIN/ILP 7
SNPF

SIFamide

SK

Tachykinin

Trissin

ND

ND

ND

ND

ND

LOC111250327

LOC111244598

LOC111250114

ND

ND

ND

ND

ND

ND

LOC111264575

ND

LOC111265999

LOC111258892

NP_001303304.1
ND
NP_524329.1
CCF74138.1
NP_724239.1
NP_001246496.1
NP_524845.2
NP_001262493.1

NP_650471.2

XP_555854.2
ND
ABJ09601.1
ND
XP_003250155.1
XP_003249680.1
XP_006557714.2
BAC76400.1

XP_001121373.1

EEC00904.1
XP_002411601.2
XP_029825341.1

ND
ND
ADD92393.1
XP_029835307.1
ND

ND

ND
XP_025017087.1
XP_015783322.1
XP_015785150.1

ND

ND

ND
XP_015792263.1

ND

e Cells highlighted with blue color represents data enteries from SRA database.
e Neuropeptide gene highlighted with orange color represents gene found only in one mite species.
e Neuropeptide genes highlighted with green color represent correction in the annotation at NCBI.
e Manual annotation was done for the genes such as corazonin, diuretic hormone 31 and neuropeptide F, for which

accession numbers from SRA database are given.

63



Chapter 3 - Annotation of Varroa mite neuropeptide G protein-

coupled receptors

Introduction

Neuropeptides are small proteins that regulate the development, growth, reproduction,
metabolism and behavior of arthropods (Né&ssel, 2018; Nusbaum et al., 2017). While the majority
of neuropeptides used to modulate biological functions by interactions with G protein-coupled
receptors (GPCRs, metabotropic), others can also interact with other types of receptors,
including Receptor Tyrosine-Kinases (RTKs) (Vogel et al., 2015), Peptide-gated ion channels
(FMRFamide-gated sodium channels, ionotropic) (Durrnagel et al., 2010), and membrane-bound
guanylate cyclase (GC) receptors (Chang et al., 2009). GPCRs, RTK and GC are found in
insects, while peptide gated ion channel type neuropeptide receptors were found in more
ancestral lineages of animal, snails and hydra (Durrnagel et al., 2010), but not in arachnids yet.

GPCRs, integral membrane proteins with seven transmembrane domains, transduce the
extracellular signals (chemicals/ligands) across the membrane via interaction with trimeric G-
proteins. These membrane proteins are one of the most numerous and diverse protein families
found in mammals (Kroeze et al., 2003Z). The genomes of bacteria, yeast, plants, nematodes,
and other animals species all contain the genes encoding GPCRs. GPCRs are classified into five
distinct classes: Class A (Rhodopsin type), Class B1 (Secretin), Class B2 (Adhesion type), Class
C (Glutamate type), and Class F (Frizzled) (Attwood and Findlay, 1994; Kolakowski Jr, 1994;
Hu et al., 2017). Class A, the largest GPCR subfamily, is primarily composed of receptors for
olfactory, light (rhodopsin), and adrenaline-based ligands. Class B receptors include those for the

secretin family of gastrointestinal/gut-derived peptide hormones, corticotropin-releasing
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hormone, and calcitonin, and Class C receptors include those for metabotropic glutamate-based
ligands (Pierce et al., 2002).

GPCRs regulate a broad range of physiological functions by reacting to and interacting
with cellular environmental signals (light, biogenic amines, neuropeptides, peptide hormones,
and protons). Typically, G-proteins are present in the trimeric form in the inactive state of the
receptor. Once a ligand binds at the receptor site, activation of the receptor occurs through
interaction with trimeric G-proteins (Ga, G, and Gy). The receptors are known to interact with
the Ga subunit through TM3, TMS5, TM 6, and intracellular loops 2 and 3 ( ICL2 and ICL3)
(Hilger et al., 2018). The Ga (alpha subunit) mediates the exchange of GDP (guanosine
diphosphate) with GTP (guanosine triphosphate) and thereby activates the receptor. When the
receptor is actived, the Ga dissociates from the GBy dimeric subunit. At the downstream level,
both Ga and GPy regulate the activity of different proteins. The activation of the receptor is
completed when GTP is hydrolyzed back to GDP, and the Ga reunites with GBy dimeric subunit.

In the history of GPCRs discovered in insects, the Tachykinin receptor from D.
melanogaster, was the first functionally characterized neuropeptide GPCR (Li et al., 1991). This
was followed by identification of only a few more GPCRs including the neuropeptide Y (NPY)-
like receptor, gonadotropin releasing hormone like receptor, Allatostatin receptor (from D.
melanogaster), and diuretic hormone receptor (from Manduca sexta and Acheta domesticus)
(Birgl et al., 1999; Hauser et al., 1997; Li et al., 1992; Reagan, 1994, 1996). Further, as a result
of technological advancements, a large set of genomic information of other insect species
became available, providing valuable insights into the evolution of neuropeptide signaling across
various insect orders and allowing for the deorphanisation of the receptors at comparatively

faster pace. For example, in D. melanogaster, the gonadotropin like neuropeptide receptor was
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deorphanized as adipokinetic hormone receptor (AKH) (Staubli et al., 2002) and NPY-like was
deorphanized as RYamide receptor (Collin et al., 2011; Ida et al., 2011a). Additionally, newer
neuropeptide signaling systems were discovered in different insects that were absent in D.
melanogaster such as AKH/corazonin like peptide (ACP), allatotropin (AT) and inotocin were
found in Anopheles gambiae, Bombyx mori and Tribolium castaneum, respectively (Hansen et
al., 2010; Stafflinger et al., 2008; Yamanaka et al., 2008). Generally, the numbers of the GPCR
for neuropeptide and protein hormone are between 35-50 in an insect species (Caers et al., 2012;
Vogel et al., 2013).

This study was focused on finding the neuropeptide and cognate receptor genes from the
genomic scaffold of the Varroa mite (V. destructor and V. jacobsoni) in order to gain a better
understanding of how the neuropeptide signaling has evolved in the Varroa mite by comparing it
with species from closely related taxa including Class Insecta, D. melanogaster and A. mellifera,
and Class Chelicerata, Ixodes scapularis and Tetranychus urticae. Also, the findings of the study
will help in identifying a neuropeptide signaling system that could be targeted for developing bee

safe acaricides through comparative genomics approach.
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Materials and methods

Figure 3.1: Flowchart Diagram 2, Methodology
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Initially, gene sequences of known GPCRs from other species (Drosophila melanogaster,
Apis mellifera, Ixodes scapularis and Tetranychus urticae) were used to mine non redundant
database of Varroa mite at National Centre for Biotechnology Information, NCBI (
https://blast.ncbi.nlm.nih.gov/Blast.cgi) for potential putative receptor gene sequence. The blastp
program was used and followed by the manual correctness of the search result for the reliable
matches based on the high percentage sequence similarity and high blast e-value. Gene
annotations on the putative translations were made for the putative transmembrane regions in the
sequence.

When the search was unsuccessful in the nr database, the search was expanded to other
databases at NCBI: RefSeq genome database and Transcriptome shotgun assembly database
(TSA) using the tblastn program to look upon unannotated sequences. The search strategy was
same as mentioned above. When the match was found in the RefSeq genome database, the gene
prediction was made using the FGENESH program (http://www.softberry.com/) for the sequence
surrounding the matching region; 1500-2000 kb of each side of the match was entered into the
program to find the potential entire gene coding sequence.

The orthology relationships in the GPCR search result used two criteria: 1) back blast
using the search output against D. melanogaster and 2) analysis of orthology via phylogenetic
clustering using the neighborhood joining method. If no orthologs are found, the search is shifted
to another database until the correct orthologous gene sequence is discovered. Additionally, the
expected threshold value in the range of 10-1000 was adjusted for the purpose of determining the
correct gene sequence.

The seven transmembrane regions of the GPCRs are generally conserved among

orthologous genes. The gene structure, i.e. the intron and the exon splice sites in the receptor
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sequence, was manually curated using the GT-AG rule; GT residues (GT = glycine and
thiamine) at the 5* end of the intron donor at the splice site and AG residues (AG = adenine and
guanine) at the 3’ end of the intron acceptor. This rule is found in the 98% of eukaryotic mMRNA
processing cases (Alberts et al., 2013; Burset et al., 2001). The transmembrane regions in the
curated protein sequence were predicted using the TMHMM Server v. 2.0

(http://www.cbs.dtu.dk/servicess TMHMMY/)(Sonnhammer et al., 1998). Additionally, the

putative receptor sequence was compared to that of its orthology to determine its conservation.
To accomplish this, the receptor gene sequence was aligned with the sequences of orthology
using the MEGA-X software's MUSCLE alignment (Edgar, 2004). The multiple sequence
alignment was manually curated to ensure that the transmembrane regions of the multiple
sequences were properly aligned. The multiple sequence alignment was sed to conduct
phylogenetic analysis by clustering of the receptor gene sequences using a neighborhood joining
program with a 1000 bootstrapping.

Results

In the current study, we identified about 27 cognate/putative GPCRs following the
methodology mentioned above. However, neuropeptides such as Eclosion hormone and
Prothoracicotropic hormone, as well as insulin-like peptides (Relaxin and gonadulin), are known
to be acting through membrane guanyl cyclase, receptor tyrosine kinase, and leucine rich repeat
GPCR, respectively. The putative receptors for these neuropeptides will be excluded from
discussion. GPCRs belonging to Class A that were found are for the receptors: ACP, Allatostatin
A, B and C, Bursicon, CCHamide, Corazonin, CCAP, Myosuppressin, Neuropeptide F,
Proctolin, Pyrokinin, RYamide, Short Neuropeptide F, SIFamide, Sulfakinin, Tachykinin,

Trissin. Neuropeptide GPCRs belonging to Class B that were found for the receptors: Diuretic
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hormone 31 type (Calcitonin like) and 44 type (CRF like), Pigment dispersing factor (PDF) and
insect Parathyroid hormone.
Class A type GPCRs

AKH related peptide receptors:

Adipokinetic hormone (AKH) and gonadotropin-releasing hormone (GnRH) are
orthology groups found in insects and in vertebrates, respectively. Often it is also categorized
with the name GnRH and related neuropeptide superfamily present in all bilaterian species
(Mirabeau and Joly, 2013). GnRH ligands and their receptors are found in vertebrates, while
GnRH like ligands including AKH, corazonin, and AKH-Corizon related peptide (ACP) are
reported in arthropods (Zandawala et al., 2018). Gene duplication events have resulted in
independent AKH, Corazonin, and ACP neuropeptide signaling in arthropods, where ACP
signaling has been independently lost from a number of arthropods lineages (Hansen et al., 2010;
Hauser and Grimmelikhuijzen, 2014). Although corazonin signaling is found in various
protostomes and dueterostomes, it is lost in vertebrates, urochordates and nematodes, likely due
to lineage specific losses (Roch et al., 2011).

AKH and its GPCRs play vital role in insects as these mobilize carbohydrates and lipids
from fat bodies (in comparison to the liver and adipose tissues of mammals), in both during
larval and adult stages (Hansen et al., 2010; Li et al., 2016). AKH signaling is crucial for insect
locomotion, especially flight. However, AKH receptor was not found in the Varroa mite species.
Other arachnid, the genome sequences of I. scapularis, also lack the AKH receptor. Additionally,
a gene sequence encoding the AKH neuropeptide was not found in either of the Varroa mite
species. Considering both neuropeptide and receptor results, absence of AKH type signaling is

likely a true loss of the AKH signaling.
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Apart from the AKH signaling, ACP, and corazonin signaling systems were identified in
the genomic scaffold of Varroa mite species. Corazonin was initially isolated from the American
cockroach, Periplaneta americana, for its cardio-accelerating properties. ACP neuropeptide
signaling system was recently separated from AKH with the authentic independent receptor
(Hansen et al., 2010). The ACP neuropeptide and GPCR receptor are structural intermediates
between AKH and corazonin, and thus are referred to as the ACP neuropeptide and receptor.
Despite being a structural intermediate between AKH and Corazonin, the ligand specificities
have been established in the course of evolution. Based on sequence similarity, and phylogenetic
clustering (neighbour joining tree method with 1000 bootstrapping tests) with other arthropod
ACP and corazonin receptors, receptors for ACP and corazonin were found in the genomic
scaffold of Varroa mite species (Figure 1). Seven transmembrane domains (TMs) were identified
in the receptor sequence (Figure 3.8A and 3.9A), indicating that the gene prediction covers the
entire open reading frame.

CCAP receptor :

Crustacean cardioactive peptide (CCAP) was first identified in the shoe crab, Carcinus
maenas (Lee et al., 2013; Loi et al., 2001; Stangier et al., 1987), and is a conserved nonapeptide
in arthropods . CCAP has been implicated in a variety of functions in D. melanogaster and
Manduca sexta, including myotropic activity and controlling motor programs associated with the
ecdysis process. CCAP's cognate receptor is a GPCR, previously identified in chelicerates such
as T. urticae (Veenstra et al., 2012) and insects such as D. melanogaster and A. mellifera
(Cazzamali et al., 2003; Loi et al., 2001). V. destructor's putative receptor gene sequence for
CCAP had a blast result with the e-value of 5e-124 and a percent identity of 48%. The potential

receptor gene sequence discovered in V. jacobsoni had a blast result with the e-value of 2e-124
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and a percent identity of 54%. Clustering the Varroa mite's putative gene sequence for CCAP
receptors with known CCAP receptors from other species provided final confirmation. Seven
transmembrane domains (TMs) were identified in the receptor sequence (Figure 3.10A),
indicating that the gene prediction covered the entire open reading frame.

Sulfakinin receptor:

Sulfakinin is an arthropod neuropeptide that is involved in feeding and digestion (Zels et
al., 2014). Sulfakinin share a substantial degree of structural and functional similarity with the
mammalian gastrin and cholecystokinin peptides (Hauser et al., 2006). The ligand sulfakinin was
found in the genomic scaffold of the Varroa mite species. Additionally, a gene sequence that
encodes for putative sulfakinin receptor was found from the genomic scaffold of both V.
destructor and V. jacobsoni. The sequence found in both Varroa mites had a blast result with the
e-value of 3e-58, and identity percent 53%. Finally, the receptor gene sequence was confirmed
by phylogenetic clustering with 80% bootstrapping support in neighborhood joining tree method
(1000 bootstrapping ) with other known sulfakinin receptor gene sequences from other arthropod
species. Seven transmembrane domains (TMs) were found in the receptor gene sequence,
indicating that the gene prediction covers the entire open reading frame.

RYamide receptor:

RYamide, also known as lugin-like neuropeptide, was first reported in the arthropod
Cancer borealis (Li et al., 2003). The molluscan lugin like signaling has a clear orthologous
relationship with the arthropod RYamide signaling (Jékely, 2013). In insects, the RYamide was
described in D. melanogaster and Tribolium castaneum. While the RYamide neuropeptide was
not found in the genomic scaffold of both Varroa mites, a cognate receptor sequence was

discovered in the genomic scaffold of V. destructor and V. jacobsoni. The sequence had a blast
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result with the e-value of 4e-91 and a percent identity of 50%. Seven transmembrane domains
(TMs) were found, indicating that the gene prediction covers the entire open reading frame.
According to the theory of receptor-ligand coevolution (Park et al., 2002), it is highly improbable
that a RYamide neuropeptide would be absent while its cognate receptor is present. This could
be for one of two reasons: either the neuropeptide sequence has diverged significantly from the
conserved arthropod RYamide sequence, escaping from the current blast algorithm, or it is
possible that of the genome assembly of Varroa mite is yet incomplete.

Tachykinin and related peptide receptor

Tachykinin and related peptides, i.e., Natalisin as well as their receptors from V.
destructor have been recently reported (Genbank accession numbers are XP_022673516.1 and
XP_022644461.1 for the Tachykinin and Natalisin neuropeptide receptor sequences,
respectively) (Jiang et al., 2016). These previously published sequences were used as a query to
retrieve the receptor sequence for Tachykinin and Natalisin from the genomic scaffold of V.
jacobsoni. Each sequence for Tachykinin receptor and Natalisin receptor was identified with
high percentages of the identities (96.71 percent and 100 percent, respectively) to the query
sequence from V. destructor and had a blast e-value of 1e-104. Seven transmembrane domains
(TMs) were found in the receptor sequence, indicating that the gene prediction covers the entire
reading frame.

CCH Receptor:

CCHamide is an arthropod ortholog of excitatory peptide (EP) which is commonly found
in annelids and mollusk species (Thiel et al., 2019). CCHamide was first reported in silkworm
Bombyx mori (Roller et al., 2008) and has since been discovered from chelicerates and

crustaceans (Christie, 2015; Hansen et al., 2011; Nguyen et al., 2018; Toullec et al., 2017,
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Veenstra, 2016). CCHamide’s cognate receptor is a GPCR that was discovered through the de-
orphanisation process (Bauknecht and Jékely, 2015; Hansen et al., 2011). CCHamide signaling is
involved in sensory perception, feeding, and control of insulin-like peptides, specifically in
Drosophila melanogaster, as well as in control of feeding in other insects (Thiel et al., 2019).
Along with the CCHamide neuropeptide, its putative cognate receptor was found from the
genomes of both Varroa mites. The sequence found in V. destructor and V. jacobsoni, had a blast
result with the e-value and percent identity of 5e-96, 8e-96, and 46.13%, 46.13%, respectively.
The final confirmation was performed using phylogenetic clustering with 99% bootstrapping
support in neighborhood joining tree (1000 bootstrapping) with other known CCHamide receptor
sequences from other arthropod species. Seven transmembrane helixes (TMHSs) were found in
the receptor sequence (Figure 3.12A), indicating that the gene prediction was accurate.
SIFamide receptor:

SIFamide signaling was first reported from the Grey flesh fly, Neobellieria bullata
(Verleyen et al., 2004) and has since been it has been reported from many arthropods. The
SIFamide gene sequence has been reported to be highly conserved in terms of the mature
peptide’s location within the preprohormone sequence in various arthropods. SIFamide signaling
has been associated with a variety of functions in arthropods species, including sexual behavior,
sleep regulation, and pupal mortality in D. melanogaster (Sellami and Veenstra, 2015), and
feeding control in |. scapularis via interacting with myoinhibitory peptide signaling (Simo et al.,
2009; Simo et al., 2013). Two putative genes encoding the SIFamide receptors were found in the
genomic database of both Varroa mites. The sequences found in V. destructor and V. jacobsoni

had a blast result with the e-value and percent identity ranging between 5e-58 to 5e-63 and 38%-
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41%, respectively. Seven TMs were found in the receptor sequence (Figure 3.13A), indicating
that the gene prediction was accurate.
Neuropeptide F and Short neuropeptide F receptor:

Neuropeptide F (NPF) was first identified in tapeworms and now found in both
protostome and deuterostome species (except vertebrates) (Maule et al., 1991; Néssel and
Wegener, 2011). The first NPF receptor in other than mammalian species was identified in D.
melanogaster (Garczynski et al., 2002). NPF is similar in sequence to vertebrate Neuropeptide Y
peptide, except that it contains a F (Phenylalanine) at C-terminal end and has a consensus
sequence of RPRFamide (Arg-Pro-Phe-amide). The mature peptide of NPF varies significantly
in length, ranging from 8 to 34 amino acids. NPF signaling has been linked to feeding and
reproduction regulation in species other than mammals. The gene sequence encoding the NPF
neuropeptide was found in the genome of the Varroa mite. Additionally, two gene sequences
encoding the NPF receptor were found in the genomic database of each V. destructor and V.
jacobsoni. The Blast e-value and percent identity of the gene sequences discovered in V.
destructor and V. jacobsoni range between 3e-98 to 3e-111 and 45% - 48%, respectively. In the
last, receptor sequences (Figure 3.14A) were analyzed for the presence and location of TMs.

The short Neuropeptide F has a consensus sequence of M/T/L/FRFamide
(Met/Thr/Leu/Phe-Arg-Phe-amide) (Fadda et al., 2019). The sNPF signaling system evolved
before the evolutionary split into protostomes and deuterostomes, but no sequence encoding the
SNPF neuropeptide gene was found in the genomic database of the Varroa mite. Surprisingly,
two putative genes encoding the cognate sSNPF receptor were found in each of Varroa mite
species. This anomaly could be caused by one of two factors: either the neuropeptide sequence

diverged significantly from the consensus sequence or the genomic assembly of Varroa mites is
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yet incomplete. Seven TMs were found in the receptor sequence, indicating the full-length
coverage of the open reading frame and gene prediction was correct.

Allatostatin A and C receptor:

In insects, allatostatin signaling is involved in the regulation of metamorphosis and
reproduction. There are three neuropeptides within this signaling family: Ast-A, Ast-B, and Ast-
C. Their cognate receptors are rhodopsin type Family A of GPCRs. The first functional
characterization of allatostatin A neuropeptide signaling was made in the cockroach, Diplopetera
punctata (Tobe and Bendena, 2013). The allatostatin A receptor is closely related to Galanin
receptor found in vertebrates. In general, insects have a single gene encoding Ast-A receptor,
whereas T. castaneum lacks a gene encoding Ast-A and the Ast-A receptor (Li et al., 2008).
However, in flies and mosquitoes, two copies of the Ast-A receptor gene exist as a result of a
gene duplication event. A single gene sequence encoding the Ast-A receptor was discovered in
the genomic scaffolds of each Varroa mite speceis with a percent identity of 53%. When D.
melanogaster's Ast-A receptor was used as a query, the putative gene sequence for Ast-A
receptor had a blast result with the e-value of 3e-86 and 8e-86, in V. destructor and V. jacobsoni,
respectively. Seven TMs were found in the receptor sequence (Figure 3.15A), indicating the gene
prediction was correct.

Allatostatin C has a characteristic PICSCF (Pro-lle-Cys-Ser-Phe) consensus sequence at
the C-terminal end of mature peptides. The Ast-C peptide, first reported in tobacco horn moths
(Kramer et al., 1991; Veenstra, 2009a), is involved in a variety of functions that vary between
species. It inhibits the JH hormone biosynthesis in some moths but instead regulates the
heartbeat in D. melanogaster. Ast-C and its cognate receptor are consereved in arthropods.

Single gene that encodes Ast-C receptor was found in the genomic scaffold in each Varroa mite
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species. The sequence found had blast e-value and percent identity of 9e-128, 1e-127 and 59.27
% each in V. destructor and V. jacobsoni, respectively, when Ast-C receptor for D. melanogaster
was used as a query.

PRXamide type neuropeptide receptors:

The peptides belonging to this group share a common C-terminal amide terminus, i.e.,
PRXamide (Pro-Arg-Leu/Met/Val/lle-amide) (Jurenka, 2015). The cognate receptors for this
group of peptides share a high degree of sequence homology. The PRXamide peptide family
includes Pyrokinin — Diapause hormone and Pheromone Biosynthesis activating neuropeptide,
CAPA (or CAP2b), and Ecdysis triggering hormone. ETH is found in both protostomes and
deuterostomes. Deuterostomes have evolutionarily related neuropeptide signaling as
neuromedin-U. Indeed, the PBAN receptor in the moth Helicoverpa zea was discovered based
on the similarity of the vertebrate neuromedin U receptor (Choi et al., 2003). Only nematodes,
acari, and insects have been used to verify the presence of PRXamide receptors experimentally
(Jurenka, 2015). In moth, Helicoverpa zea, the PBAN receptor was identified based on the
sequence similarity between PRXamide receptors from D. melanogaster and vertebrate
Neuromedin U receptor (Jurenka, 2015).

Among these neuropeptides, a putative sequence for the capa gene, which encodes the
CAPA peptides, was identified in the genomic scaffold of each Varroa mite species.
Additionally, one putative gene encoding the CAPA receptor was identified in both Varroa
mites’ genomic scaffold. The identified sequence in both mites had a percent identity and a blast
e-value of around 40% and 6e-87, respectively. Surprisingly, one gene sequence was found in
the genome of each Varroa mite species that showed similarity with the D. melanogaster’s

Pyrokinin receptor gene sequence. The receptor gene sequence had a blast e-value of 6e-70 and a
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percent identity of about 40%. Final confirmation was made by phylogenetic clustering with
57% bootstrapping support in neighborhood joining tree (1000 bootstrapping) the potential
receptor sequence with known orthologous receptor gene sequences from closely related
arthropods. In the last, sequence was analyzed for the presence and location of seven TMHSs and
were found, indicating that the sequence (Figure 3.17A) covers entire open reading frame.

Intriguingly, one Pyrokinin receptor sequence was identified, but no Pyrokinin
neuropeptide gene sequence was identified in the Varroa sequence database. This anomaly could
be caused by one of two things: either the neuropeptide sequence has diverged significantly from
the consensus sequence, or the genome assembly of Varroa mites is yet incomplete.

ETH or ecdysis triggering hormone and its receptor gene sequences were not identified in
the genomic database of both Varroa mites. However, ETH has been identified in other
chelicerates including I. scapularis and T. urticae (Roller et al., 2010; Veenstra et al., 2012).
Additionally, blast search revealed ETH neuropeptide and receptor gene in other chelicerates
such as Limulus polyphemus, Centruroides sculpturatus, Panonychus citri. It is difficult to
conclude that ETH signaling is suddenly lost in the Varroa mite, as some of the earlier
inconclusive results suggests that the genomic assembly is yet incomplete. As a result, further
confirmation is required before drawing any conclusions.

Proctolin receptor:

Proctolin is a pentapeptide with the consensus sequence RYLPT (Arg-Tyr-Leu-Pro-Thr).
Proctolin has been isolated from various arthropods, including the horseshoe crab, Limulidae
(Groome et al., 1990). Proctolin is the first neuropeptide in insects to be chemically characterized
(Starratt and Brown, 1975). The sequence of Proctolin has a couple of variations, such as

AYLPT (Ala-Tyr-Leu-Pro-Thr) and RYLMT (Arg-Tyr-Leu-Met-Thr), in Leptinotarsa
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decemlineata and Daphnia pulex, respectively (Dircksen et al., 2011; Spittaels et al., 1995).
Previous reports suggest the association of Proctolin with myotropic activities (Orchard et al.,
2011). Proctolin neuropeptide and receptor gene sequences were identified from the genomic
scaffold in both Varroa mites. The identified receptor sequences had a blast e-value and a
percent identity of 5e-28, 3e-28, and 40.26 percent in V. destructor and V. jacobsoni,
respectively.

FMRFamide receptor:

FMRFamide is originally a molluscan cardio acceleratory tetrapeptide. In general,
arthropod FMRFamide peptides are a family of peptides with a C-terminal RF (Arg-Phe) amino
acid motif (Coast and Schooley, 2011). FMRFamide related peptide family includes
Myosuppressin, N-terminally extended FMRFamides, Neuropeptide F, and Short Neuropeptide
F. N-terminally extended FMRFamides act as a modulator of gut and heart muscle contractions
(Nagata, 2016). A gene that putatively encodes for the N-terminally extended FMRFamide
neuropeptide was found, but its putative receptor gene was not found. Given that neuropeptides
and their receptors co-evolve in arthropods (Li et al., 2008; Park et al., 2002), it is highly
improbable that the neuropeptide gene is present in the genome, but the cognate receptor gene is
absent. The receptor sequence is missing in both transcriptome data and genome assembly.

Myosuppressin Receptor:

Myosuppressin is a N-terminally extended decapeptide with a consensus sequence of
XDXXHXFLRFamide (X-Asp-X-X-His-X-Phe-Leu-Arg-Phe-amide) in arthropods (Tanaka,
2016) and of pQDVDHVFLRFamide (pQ-Asp-Val-Asp-His-Val-Phe-Leu-Arg-Phe-amide) in
insects (Veenstra et al., 2012) (X = any amino acid; pQ = pyroglutamate). It is believed that the

myosuppressin and FMRFamide are evolutionarily related (Veenstra et al., 2012). Similarly, two

79



genes were found that resemble these genes from insects. Also, one putative gene for
myosuppressin receptor was found. The receptor sequence was discovered using the query of
myosuppressin receptor for D. melanogaster, and the resultant gene sequence had a blast e-value
and percent identity of 2e-44 and 50.87 % for both V. destructor and V. jacobsoni, respectively.
The sequence was discovered by back blasting against D. melanogaster genomic database and
phylogenetic clustering with 90% support in neighborhood joining tree method (1000
bootstrapping) with known myosuppressin receptor sequences from closely related arthropods.

Allatostatin B receptor:

The neuropeptide allatostatin B neuropeptide, also known as myoinhibitory peptide, was
first discovered in crickets, Grylliodea (Williamson et al., 2001). By regulating the Corpora
allata (CA), Ast-B signaling functions for inhibition of Juvenile hormone. Two gene sequences
encoding the Ast-B receptor were identified in the each of the Varroa mite species genomic
scaffold, with blast e-value between 3e-95 and 5e-112, and percent identity between 40 % - 45
%, when blast searched using Ast-B receptor of D. melanogaster. Final confirmation of the
sequences was done using phylogenetic clustering with 52% bootstrapping support in
neighborhood joining tree method (1000 bootstrapping) with known Ast-B receptor sequences
from closely related arthropods. Seven TMs were located in the receptor sequence (Figure
3.19A), indicating that the gene prediction was accurate.

Trissin receptor:

Trissin is a cysteine rich, non-amidated, 27 amino acids long neuropeptide with an
intramolecular disulfide bridge that typically contains the CCFYNL amino acid motif (Cys-Phe-
Tyr-Asn-Leu) at the C-terminus of the mature peptide in various arthropods (Ida et al., 2011b).

Trissin is newly identified group of neuropeptides in insects. It was first identified from D.
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melanogaster (Ida et al., 2011b) and subsequently in the silk moth, B. mori, (Roller et al., 2016)
as well as in other arthropods such as crayfish, Procambarus clarkii, and spider mite, T. urticae
(Lietal., 2014; Veenstra et al., 2012). Although, the location of the peptide’s expression is
known, its biological function in various arthropods is still unknown. One gene sequence
potentially encodes for the putative Trissin receptor was identified from the genomes of V.
destructor and V. jacobsoni. The identified gene sequence shares moderate sequence homology
with the Trissin receptor sequences from D. melanogaster, with a blast e-value of 1e-99 and a
percent identity of 38%. The sequence was confirmed by back blasting against genomic database
of D. melanogaster and followed by phylogenetic clustering with 51% bootstrapping support in
neighborhood joining tree method (1000 bootstrapping) with the known receptor sequences from
closely related arthropods.

EFLamide:

EFLamide (Glu-Phe-Leu-amide) is an arthropod neuropeptide ortholog of vertebrate
thyrotropic releasing hormone (TRH). The EFLamide gene is thought to encode two different
type of peptide, namely EFLamide and EFLGGPamide (Glu-Phe-Leu-Gly-Gly-Pro-amide), in
various species (Veenstra et al., 2012). Among arthropods, EFLamide gene was initially
identified in the spider mite, T. urticae, and was later discovered in other chelicerates such as
ticks, 1. scapularis and Rhipicephalus spp., the mite Sarcoptes scabiei , the scorpion, Hadrurus
gertschi, crustaceans such as Daphnia pulex and Marsupeneus japonicus (Veenstra et al., 2012)
and insects such as Locusta migratoria, Cimex lectularis, Anax spp (Veenstra, 2019b; Veenstra
and Simo, 2020). By using the L. migratoria’s EFLamide receptor sequence as a query in the
blast search, two gene sequences encoding the cognate receptor were identified in the genomic

database of V. destructor and V. jacobsoni. The sequence found were confirmed by back blasting
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and phylogenetic clustering with 50% bootstrapping support in neighborhood joining tree
method (1000 bootstrapping) with known EFLamide receptor sequences from closely related
arthropods.
Class B GPCRs

Diuretic Hormone type peptide receptors

This peptide group includes the calcitonin-like/diuretic hormone 31 type and
Corticotropin releasing factor-like/diuretic hormone 44 type. The diuretic hormone 31 type is a
neuropeptide with a 31 amino acids long residue and has limited similarity with the vertebrate
calcitonin family (Veenstra et al., 2012). In insects, it was first observed in cockroach,
Diploptera punctate (Coast and Schooley, 2011; Furuya et al., 2000). The ortholog neuropeptide
and receptor gene sequence were easily identified from the genomic database of both Varroa
mites. For each mite species, the resultant receptor gene sequence had a blast e-value of 2e-89
and a percent identity of a 47%. The receptor sequence (Figure 3.22A) was analyzed for the
presence and location of seven TMs.

Diuretic hormone 44 has a 44 long amino acid residue and, unlike DH 31 type, is similar
to vertebrate corticotropin-releasing factor-like. These neuropeptides are believed to act as a
diuretic by stimulating Malpighian tubule secretion. A single gene sequence that encodes for the
cognate receptor of DH 44 type was identified in both V. destructor and V. jacobsoni. The
identified sequences had a blast e-values of 1e-96 and 2e-100, respectively. Clustering
(neighborhood joining method with 1000 bootstrapping tests) the potential DH 44 receptor gene
sequence with orthologous DH 44 receptor gene sequences from closely related arthropods
helped in confirming the results. The sequence (Figure 3.23A) was analyzed for the presence and

location of seven TMs.
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Pigment dispersing factor:

The pigment dispersing factor (PDF) closely related with the crustacean pigment
dispersing hormone, but is associated with a different role in arthropods in regulating activities
related to the circadian rhythmic clock like feeding, etc. (Renn et al., 1999). Due to the low level
of conservation of the PDF sequence (Dircksen et al., 2011), finding the gene sequence using the
blast search is difficult. By searching in the SRA database of each Varroa mite species, gene
sequence encoding the PDF neuropeptide gene sequence was found. Also, one receptor gene
sequence was identified that had orthologous relationships with the PDF receptor of D.
melanogaster. The identified sequence had a blast e-value of 3e-50 in both mites. Results were
confirmed by phylogenetic clustering with 67% bootstrapping support in neighborhood joining
method (1000 bootstrapping), with known PDF receptor sequences from closely related
arthropods. The receptor sequence (Figure 3.24A) was analyzed for the presence and location of
seven TMs.

Insect Parathyroid Hormone:

Parathyroid hormone (PTH), a vertebrate neuropeptide that is highly expressed in kidneys
and bones, is involved in calcium regulation, phosphate hemostasis, and bone growth (Abou-
Samra et al., 1994, Li et al., 2013). Among species other than mammals, PTH signaling was first
found in red flour moth, T. castaneum (Li et al., 2013). No sequence was found that encodes
PTH neuropeptide gene from the genomic database of Varroa mite. However, three sequences
encoding PTH receptor orthologies were identified, which is in parallel with a recent report of
PTH signaling T. castaneum (Xie et al., 2020). The genes found in Varroa mites have a sequence
similarity of 37.85%, 37.53 and 36.54% (V. destructor) and 36.92%, 37.59%, and 36.54% (V.

jacobsoni) to PTHR1 of T. castaneum (XP_015834182.1). Final confirmation was done by
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clustering the gene sequences with 60% bootstrapping support in neighborhood joining tree
method (1000 bootstrapping), with know iPTH receptor sequences from the closely related
arthropods. Seven TMs were located in the receptor sequence (Figure 3.25A).
GPCRs not found

We could not find the orthologies for following GPCRs: CNMamide (Cys-Asn-Met-
amide) receptor, Elevenin receptor, ETH receptor, AKH receptor, Arginine vasopressin like
peptide receptor. However, the neuropeptide sequence of the CNMamide and AVPL in each of
Varroa mite species were identified. Additionally, the following receptor gene sequence were
found but not their cognate neuropeptide gene sequence: pyrokinin receptor, gonadulin receptor,
myosuppressin (V. destructor), and SNPF receptor. These anomalies may indicate that errors
occurred during genome assembly or that a portion of the genome assembly is missing.

Gonadotropin-releasing hormone (GnRH) is a vertebrate hormone, usually involved in
reproduction control via regulation of gonadotropins luteinizing hormone (LH) and follicle-
stimulating hormone (Kah et al., 2007). As the mechanisms of reproduction are similar across
the animal kingdom, it is believed that the regulation of reproduction is highly conserved in the
ancestral lineage of the protostomes and deuterostomes. GnRH like peptides have also been
identified in the protostomian invertebrates belonging to the Phylum Lophotrochozoa, including
Sepia officinalis, Aplysia californica, and Lottia gigantea (mollusks) (Di Cristo et al., 2009; Tsai
and Zhang, 2008; Zhang et al., 2000) and Capitella teleta, and Helobdella robusta (annelids)
(Roch et al., 2011; Tsai and Zhang, 2008). In contrast to lophotrochozoans, ecdysozoans employ
ligands different from the GnRH peptides, for binding with retained GnRHR-like receptors (Tsai
and Zhang, 2008). AKH was initially identified as a possible ligand for GnRH-like receptors in

D. melanogaster and B. morri. AKH’s role as a ligand for GnRHR-like receptors was proved
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with the finding of AKH-GnRH-like neuropeptide in nematode Caenorhabditis elegans that
activates the GnRHR-like receptor, CeGnRHR, in a dose dependent manner. The neuropeptide
found shared similarities with GnRH-like ligands found in higher order vertebrates and AKH of
insects (Lindemans et al., 2011).

Corazonin is another peptide that is structurally similar to AKH and is believed to be
another potential ligands of GnRHR-like receptors in ecdysozoans. The phylogenetic
relationships between these neuropeptides and their cognate receptors indicate that they are
closely related and evolved as a result of the neuropeptide-receptor coevolution via ancestral
gene duplication for both neuropeptide and receptor. Although AKH and corazonin are related,
they do not exhibit cross reactivity with their respective receptor, implying the existence of two
independent hormonal systems. This property aided in the identification of a third closely related
neuropeptide, ACP, which was initially discovered in A. gambiae (Hansen et al., 2010). ACP and
its receptor were discovered to be a structural intermediates between the AKH and corazonin.
Although ACP and receptor are found in a wide variety of insects, they are absent from the
reference species D. melanogaster and A. mellifera.

In one reference species, I. scapularis, the AKH neuropeptide and receptor gene are
absent, whereas three GnRH-like neuropeptides and five AKH and ACP-like receptors were
discovered in another reference species, T. urticae (Veenstra et al., 2012). Although ACP and
corazonin signaling were detected in Varroa mite, AKH signaling was missing. It is difficult to
determine whether the Varroa mite actually lacks AKH signaling, as observed in the closely
related T. urticae. Also, the presence of a receptor and the absence of a neuropeptide raises our
suspicions about the quality of Varroa mite genome assembly. According to the theory of ligand-

receptor coevolution theory, it is very unlikely that a neuropeptide gene is absent while its
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receptor is present, and vice versa. Thus, further confirmation is required to determine whether
AKH signaling is indeed absent from the Varroa mite genome assembly. Likewise, more
confirmation is required about the absence of neuropeptide receptors including Elevenin, ETH,

CNMamide, and AVPL.
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Figure 3.2 A. Phylogenetic tree having ACP receptor, Corazonin receptor, CCAP receptor
clusters made species from Chelicerata, Crustacea and Hexapoda Class. The receptors for
V. destructor and V. jacobsoni. are highlighted with bold font. The clades for different
receptors are marked with different colors. The tree was constructed using neighbor-
joining tree using 1000 bootstrapping and poisson substitution method.
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Figure 3.3 A. Phylogenetic tree having Ast A and C receptor, CAPA receptor, CCH
receptor, Pyrokinin receptor and Trissin receptor clusters made species from Chelicerata,
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Crustacea and Hexapoda Class. The receptors for V. destructor and V. jacobsoni. are
highlighted with bold font. The clades for different receptors are marked with different
colors. The tree was constructed using neighbor-joining tree using 1000 bootstrapping and
poisson substitution method.
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Figure 3.4 Phylogenetic tree having Tachykin (TRP) receptor, Natalisin receptor, NPF
receptor, SNPF receptor, SIFamide receptor and RYamide receptor clusters made species
from Chelicerata, Crustacea and Hexapoda Class. The receptors for V. destructor and V.
jacobsoni are highlighted in bold font. The tree was constructed using neighbor-joining tree

using 1000 bootstrapping and poisson substitution method.
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Figure 3.5 Phylogenetic tree having FMRFamide receptors, Myosuppressin receptor,
Allatostatin B and Proctolin receptor cluster. Different receptor clusters are marked with
different colors. VVarious receptors for V. destructor and V. jacobsoni are highlighted with
bold font. The tree was constructed using neighbor-joining tree using 1000 bootstrapping
and poisson substitution method.
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Figure 3.6 Phylogenetic tree having Diuretic hormone 31R, Diuretic hormone 44R, Pigment
dispersing factor receptor, and Parathyroid hormone receptor. Different receptor clusters
are marked with different colors. DH 31R, DH 44R, PTHR, and PDFR from mite species
are highlighted with Bold font. The tree was constructed using neighbor-joining tree using
1000 bootstrapping and poisson substitution method.
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Figure 3.7 Phylogenetic tree having EFLamide receptors, TRH receptor and ETH receptor.
Different receptor clusters are marked with different colors. EFLamide receptor from mite
species are highlighted with Bold font. The tree was constructed using neighbor-joining
tree using 1000 bootstrapping and poisson substitution method.
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Table 3.1 Master table for neuropeptide receptor sequences.

Varroa destructor Varroa jacobsoni
-
% <b) D I o o 3
S S o g & wat 5
Q c o c O S = ®» 8 9O ®
2 & S« S+ ne T 832 £
g =] o D o) n O e c = X 9 ©
> X o £ @© o £ © [<3) . an @
o9 o S 2N o S 2N e < —
Z < < c - = < c - =
XP_022652899.1 XP_022699658.1
ACP XP 0226554911 LOC111255317 XP 022607283.1 LOC111255317 ND ND + ND
AKH ND* ND* ND* ND* + + ND +
Ast A XP_022649205.1 LOC111245583 XP_022689205.1 LOC111266071 + + + +
XP_022666601.1 XP_022700716.1
Ast B/IMIP XP_022668353.1 LOC111251198 XP 022603585.1 LOC111271347 + + + +
Ast C XP_022653392.1 SRR8864012.160068737.1 XP_022700513.1 LOC111262149 + + + +
AVPL ND* LOC111251516 ND* LOC111260306 ND ND + +
LOC111247436,
Burs/rk XP_022651891.1 LOC111264752 XP_022702359.1 LOC111264753, LOC111264752 + + + +
DH31 XP_022663535.1 LOC111249899 XP_022697774.1 SRR3632582.162967731.2 + + + +
CAPA XP_022668622.1 LOC111250488 XP_022698878.1 LOC111259753 + + + ND*
CCH amide  XP_022651431.1 LOC111251153 XP_022693677.1 LOC111270805 + + + +
CNMamide ND* SRR8864012.46893032.2 ND* SRR3632582.185051089.2 + ND* ND* ND*
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Corazonin

CRF like-
DH
(DH37/47)

CCAP
DH 44
EFLamide
Elevenin
ETH
FMRFamide
Gonadulin
GPH
Kinin
MS
Natalisin
NPLP
NPF

Orcokinin

XP_022665765.1
XP_022668003.1
XP_022655704.1

ND*

XP_022663053.1

XP_022652862.1

XP_022671024.1
XP_022671503.1

ND*

ND*

ND*

XP_022666433.1

ND*

ND*

XP_022652803.1

AKR03971.1

XP_022665141.1

XP_022671156.1
XP_022671227.1

ND”

LOC 11125154

ND*

LOC111251821

LOC111248063

ND*

SRR8864012.149089260.1

ND*

LOC111249730

ND*

ND*

ND*

ND*

LOC111251926

ND*

SRR5377265.26255811.2

ND*

XP_022687694.1
XP_022690575.1
XP_022701755.1

ND*

XP_022697696.1

XP_022693806.1

XP_022705342.1
XP_022707492.1

ND*

ND*

ND*

XP_022685875.1

ND*

ND*

XP_022701117.1

XP_022705660.1

XP_022700676.1

XP_022689861.1
XP_022702941.1

ND#

SRR8864012.127467345.2

ND*

LOC111263999

LOC111262624

ND*

ND*

ND*

LOC111260277

ND*

SRR8100122.28924566.2
SRR3632582.77147140.2

ND*

SRR3635105.57299974.2

LOC111262523

ND*

SRR3632582.185285521.2

SRR3632582.136591231.1

ND*

ND#

ND*

ND*

ND*

ND*

ND*

ND#

ND*

ND#

ND*

ND*

ND#
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PDF
Proctolin
iPTH
PK
RYamide
SNPF
SIFamide
SK
Tachykinin

Trissin

XP_022654705.1

XP_022663222.1
XP_022653897.1
XP_022663980.1
XP_022663823.1

XP_022654818.1

XP_022643695.1

XP_022672325.1
XP_022670836.1

XP_022668461.1
XP_022649195.1

XP_022671216.1

XP_022673516.1

XP_022659797.1

SRR8864012.106407301.1

LOC111244398

ND*

ND*

ND*

ND*

LOC111250327

LOC111244598

LOC111250114

SRR8864012.95461314.2

XP_022702049.1

XP_022707176.1
XP_022711005.1
XP_022707175.1
XP_022699433.1

XP_022704826.1

XP_022694295.1

XP_022700525.1
XP_022700540.1

XP_022708258.1
XP_022702757.1

XP_022711355.1

XP_022703771.1

XP_022696460.1

SRR11879882.65162670.2

SRR3635105.58662445.1

ND*

ND*

ND*

ND*

LOC111264575

SRR3635001.36448511.1

LOC111265999

LOC111258892

ND*

ND*

ND*
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Accession numbers for the are provided for receptor sequence of the V. destructor and V. jacobsoni reported in this study.
Gene ID’s and SRA accession numbers are provided for ligands/neuropeptide gene sequence for V. destructor and V. jacobsoni.
Receptor sequences for D. melanogaster and A. mellifera were taken from Hauser et al., 2006.

Receptor sequences for T. urticae were taken from Veenstra et al., 2012.
ND is either Not Found (ND*) or Unknown (ND?).



GPCR sequences:

ACP receptor:

A) Gene structure:

V. destructor ACP receptor 1:

CTGGTTTCCAATGAAGATGTCTTTTTAATAACCAATTTTCCGGCARATTCTGGCGTGACAACCATGCCTATATCGTTTGATGCTTCATATTTATTTGAGTTGGGCATTAGC
CAGATCTGTTAAATTAACTTGAAGATTTAGGTATATATTTTTTGCAAGTGATTCTCAAAAAATTACCATTTAATGCTAGCAGCGATCCAAGTGTGTAACGATTAAATTGGA
AGTTGAAAACAAACTCTGCTGCTAAATTCGAATCTGGAATTCGTCGATAATCTCAAAARAAAGGACGTGCTTAGCCCGGGGCCGGATCACACATTTTTTAACGTCTTCACAT
AARAGCGAAATGAAGTCAGATTATTCCTACTATGAGGCATAACAAGTTGAAGCTGAATCGTAGAGT TTGTGCCGTTATTGAGTACACCTAATGTCTGGATAGTAATATAGT
GCGGTAGATGTAACACTGAATTTAAGCGCACAGATCTGTGTACAGCATCTTCAAGACCAATGAGCGTCTTTGGATCTGTCAAAAGCGCCATTAAGCTACAATCATGAAACA
M K Q
AATGGCGAATGAAGATACTGTTGGAAACCAAAGCATTTTAGTACAGCCATGGCCCTCAATCGACGATCTTTACCCGCTCGAAGAGGCCGAGGAATCGACGTCGCTGTGTCC
M A NED TV GN QS I LV Q©PWZ®P S I DODTILZY PILETEH ATETETSTS L C P
GGAGTGTCAATTTAATTCAGGGTCTCTTGTGAGCATTCTGGTCTACTCCGCGCTTTTTGTTTGCGCCACTGTGGGGAACGTACCTGTCTTTCTATCCCTGATCAGGAACAG
E C Q F NS G S L Vs LV Y SALEVCATVENV PV FLSLTIERDNR R

GCACCGAAAGTCACGCATTAAACTTATGATGCTTAATCTCGCGATCGCCGATCTCATCGTAACCTTCATTTTCATTCCCGTCGA!ATTTTTTGGCGCCTAATGGTTCAGTG
HRKSRIKILUMYMMLNLIATITADLIVTFIFIPVETLFWRILMY QT

GAAAGCAGGCGTGTTAATGTGCAAAGTGTTTCAAGTGGTCCGGGCTTTTGGGCCATACCTCAGCTCAACAATCATCATATGCATTTCACTCGACCGATATTTTGCTGTTCT
K A G v IMCcKV FQWVWVRAFEPYILSSITIIIICISILDRYFAVL

TCATCCTCTAAA&%TCACGATGCCCAGCGTCGTGGCAAAATTATGATCTTTTTAGCCTGGTTCGTGTCATTGACGTGGAGCTTACCACAGGCCGTGGTCTATGAGGTGGA
HoP L KV EDALGOGRTERSG K I.M I F L AWE VS L T WS L PO AYVIEY:

AGGTCATCCTTACATTAAGGACTTCTACCAGTGTGTGACGTTCAACTTCTTTACGAATGCGCCACAGCAAAGGGTATACGTTTTGTTCGGCCTGCTTCTTCAATATGGAAT
G H P Y I K D F Y Q C VT FNF F T N AP Q Q R

CCCGTTGGTGATTATTATCTGGTGTTACTGCAAGATTCTTCTCGAGATTTGTCATCGATCAACAGACGGT!AGCTTACAACGAGGACTGGTCGACCCACAAATCTTCGAGT
K 1 L L E I ¢C H R S T DG E L T TR T G R P T N L R V

GCAGTATAGGCAAGTCGTGCGACTGCGGCGTTCAGTTCCGAGCAACGTCGAGT!&ATTACGCGAACACGCAACCGCACTCTACGGCTGACCGTTATCATCGTACTTACGTT
Q Yy R Q VVRILIRI RS VP S NV E C I TR T R

CTTCTGGTGCTGGACACCGTATGTCACAATGGTAGTCTGGTACCAAATCGATACCGAAGGGGCCACCAAGCTCAACGAGTATCTGCAAAACGCCCTGTTCATGTTTGCT!&
M vV v w Y Q I D T E G A T K

—————————

AAGCAATTCCTGCGTTAATCCGTTACTGTATGGCAGCTACGCTAAATCAAACTGGACGCGATTCTTTGCTAGATGTCTGGGTATCGGTGCCCACAAAGATGGGGCTGACGG
Yy G S YA K SsS N W TR F F ARCUL G I G A HZK D G A D G

CGGTTCTGTAGCCGGGGAACCCGGTCAACTTGAAAGAAACATTTCTTCACATTTCCGTCAAACGATCATCGTTACAAGTCGTGGCAGCTCTCATCGGAGTAAAATACTTTA

G s v A G E P G QL ERNTI S S HF R QT I I V TS R G S S H R S K I L Y
CTCGACCGTCGATCCGCCTTCTCCACTACAGCCAACATCAAGTATCCATTGTCACCAATCAGCAAACAGTCATCTTGATTAGAGCAAAAACAAGTTTTCTAGAAGTTTCGA

s T v D P P S P L Q P T S S I HCH QS AN S H L D *
AGCAAAAAACACCAGCAGCTTCCTTCGGGGCACCCAAAAAGGTGTAACAACGATACTAATTTTCAGTCGGTCTCAACAATACTCCATGTACATAGACATATAATATTATGG
AAGTTATAAAATGTCTCCGAACGTTGCGCCAACTGAAAACGATTACTGAAAAATATGTATCGCAATAAATACCAAAAACAGTTCCACCTTTATATATGTAAACTAGAACGA
TCGAGGTAAAATAATAATAATAAAAATCTTTATATATATATATATATATATATATGGCTTATGTTTGAACAACTTTCCTATTCTAGATTGAAAAACATTTCGGTAGTGGAA
TAATGTTAATTTTTGATTTTCGTTTAACCTAAGAATAGCACCATGGTGCCACGGAGTCGCCTTAACTGCAGGTTCATTATATTTGAGCTTTTAATCGTATAGAAGCATAGT
GCAGGAAAAACTAGAAATCAATGTGTTGAGTGCCATCTGAATTATTTTACTACTTCTTGTGTATAATTTACGACTGCATGCAACATTCTATTTCATATATGAGGCAGTTCT
TAACATATAGAGAAGCTATGAGCCGTTAAGTATATA

V. destructor ACP receptor 2:

GTTAGTCACCCTTTGTCACCTTTACAGCCTGGTCTCCGCCCAGCGTACCGATCGCATCCGTATGATATTTTCCGCGTGACTCAGGATCGCTTGGACTTATTTGGATAACCC
AATTATCAGGCTTCAGAGAATCAGGCACTCGGCCAAATTGGAATCAAGCTGCTACGACTTGAAAATGAGTGATCATGTATATAACCATGTTCGTCATTGGGGTGTCTGGAA
M Y I T

ACGTGCCAGTATTCTTGTCGCTCATTCGGAATCGACACAGAAAATCACGAATTAAAATGATGATGTTACATCTGACGATAGCGGACCTCATTGTCACGTTCATCATGCTGC
I R N R HR K S R I K M

CGATAGAGATCGCTTGGAACATTACGGTCCAATGGTTAGCGGGTAATCTTACGTGTAAAGTCCTGATGTTTTTTAGGGTATTCGGTATCTATCTCAGTTCGACTGTTCTCG
N I T VvV Q w L A G N_L T C K V

TCTGCTTCTCCTTAGATCGTTACTTCGCCGTTCTTCATCCATTACAGGTAAACGACGCCCATCGGCGAGGCAAGATGATGCTAACGTTAGCCTGGATGGTGTCTTTCATCT
D RY F A V L H P L Q V N DA H R R G K
GTTCGGTCCCTCAGACCATCATCTTTTCCTCACTCACCCATCCTGACATCGAAAAATTCACCCAGTGTGTCACATTTGCGTTCTTCTCTGACAACAACCCTAATGAAAAAA
s L T H P D I E K F T Q C V T F A F F S D N N P N E K

AGGCTTACACGATCCAGTTTCTTCTTGCTATATACTGGATACCCTTGATGCTGATCGTGTGGTGCTATTTGAAGATACTTCGAGAAATCTTCCGGAGGTCTGGTGAGTCGT
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K A ¥ T I 0 F L L A I Y w I P L ML I VW C Y L K I LR ETI F R IR S G E S8

CGCAGCAGGAGACCATTCTGTTTCGGATCGAGTTGCGGCGATCCGACCCAAAAATGATGGAGAGACATCGTAACAAAACACTACGGCTTTCAGTTGTGATCGTTCTGGCGT
s ¢ ¢ ET I L F R IEILIRIRSDU?PIKMMEW RUHERNIKTTILIRIL S V V I V L A
TCCTGTCATGCTGGACTCCCTTCGTTATAATCAACTTATGGCTACTGTTTGACCCGAAGGGTGTCGATGACCGCATCGAAGATCACATACAAACGTTTATGCTTGTTCTTG
F L S ¢ w T P F V I I N L W L L F D P K G V D DU R I E D HTI O T F M L V L

CCGGAGGCAACTCTTGTGTGAATCCGTTAATTTACGGCAGTTTAGGCCATTTCAATAGTGCCGGCGGCCCTCTAAGTCGCTGCCGGGAACGACAAGATCTAGCTTCCCGAA
A G G N S C V N P L I ¥ G S L GHUFN SAGG?PUL SR CIREIRQDL A S R
TGAACTTTTTGAGTAGGGGGAACGCACGCGACACAGATGAATCAAGCAGTAGCTGCTCCTATGTATTTACGACGCATAGTCATCAAATGCAGTCGCACCATCAACGCTATC
M N F L S R G NAURDTDES S s S C s Y VvV F T TH S H QM Q S H H Q R Y
ACCATCGCCATCGCCATGGGCGAAGTGCAAATACTGCCCTTGTTTATACACGAGACGCTAACACCGGTGGACAATTTCGTAACCAGCACCGGCAAATGTCCTGCATACAGA
H H R HRHGI R S ANTAUL VY TR D ANTGG Q F RN QHIR QM s C I Q
CTACAGGCCACAATCACGATGCCTTTTGAAACCAAAGGCGACATTAACTCGAGCCACTTGGGGTCCTCTATTATAAACAATGCACTGACTGCGACTGGTCTACTCCATTTT
T T G H N H D A F *
TCTTCTAAATTGTCTCTCGTCTGCGATGAAGAGCGACACCGGAGGGTGTCAGTGACAGTGATGGCTCTTTCGTCTACGATACGGCCACGGCTTACGAAACAGAGGCACGCC
GTCTACGTATGTGTAAGTAGTTCTAAACAGAATATTATCTTCATTTGTCTATTTGGAGCTGTAGGCGCAAAACTGGTTTTGGAAAACCTTTTAGACCTCTTGACGCGTTCT
GCCGGCATTTCTACTAGTGTTCCTCACGAAGTGCAGAAATAGGCCTAGGCCTTATTTAAATAGACTTTGCTATCTGTGCCTTATGTGCCGCATTACTAAAGATAATAGAGA
CACTTCTTAACACCACTATGGGCCACACGTGACGCGTTCAGCCGTGATCCGTGGAATGTACTGGCGCCTCACATCTGCGCAATCTCTTTAGCTGTCTGAGTGAGGCGCAAA
AACTCTATTAGTAACGTGGGCTGTCGTTACGTTTTTGCGCCTCAATGAAAAAAAGAACCGGAAGCTCGATGGGCGCTATTTCACTGCTGTGTTTTGTTTTTTCAAGCCATT
TGGTCAGATAAAATCACTCGTTGTAATTGTACGCTACTGCGACGATGTTTGCAGACGCTGAGCACATCTATCTTCAGCGGCATTATCGCATGAAATGAAAGGTATAATGCT
ATTTTTCGAAAGCGCTTTCATCGGGAAACTTGAAATATAGATTATATTCTATCGAGTCGCATGGCGCCAACCGGCTATATATACGGATATCGAGAGAAATGATAGGTACTT
GCCCAGATGTTCAACCTTTACCTCGGAGGATATTTAAGAGTGCTAGAGTCCTTTTATTTCAGAGACGAAAATTGCTCAGTTTTTTCGAACTACTTCTTCAAGCGACTCCTA
TTCTAGCTTTATTGAATTTGGTCGTCTCCGAGAGAAAGGTAAACCACATTTGGGATTAGTGCTACAATACTATATATCATCGAGAAGCATACATGCGTTTGTATATGCAGA
TGCATTGGCAAATGAAGGCGGAATGAAGTGTTATAGCTATTTTCGCTATGCAGATGCATTGGCAAATGAAGGCGGAATGAAGTGTTATAGCTATTTTCGCTATGCAGATGC
ATTGGCAAATGAAGGCGGAATGAAGTGTTATAGCTATTTTCGCTATGCAGTAACTAGAAAGATTAGGTAAATGCAGTCATTAATGAAACTGCTACGTAGGGATTTGTACGA
CCGGGTGCCGATAGTTTGGAATGAGATCAGTTCTTCCTGATGAAGTTATTAAAAAGAGATCTGGTTAGCAGTCGAATCGGTATGTACTATAGACCGGTACACGCCAACCCA
CTCTACGTATCGATCTAAGACTGGAGACATTTACGAAGGCTAAATTGCCACTAGTGCATATCTATGCCCCATTCGAAAAAAATCGTCTCATTTCGCTAAATGGAGGTCACG
GTAGTAGCAGATTCAGCTGTGGGTTACCCGCTAAACTTTGAGATATCCTGTAAAAATTAAGCTATTATTTTCCATTTAGCCTTTAAATCCGACCTATTTCGTGGATTTTTA
TATTTCTTAACAAAAAAAATCGATATTAGGGTGGGTTGCATGCCTATCTCGCAGAAGATAAACGTGCAGGAAGCAGGAAGTGCGGTTTTCTATTTTCTAAACTGTTGGTTG
TTATATGATGTACGCCATGTATATGCATTGGCATCGTA

V. jacobsoni ACP receptorl:

GCCTAATCGACGGTTCGAAGCCTTCCTTACAGCAGCACGGAAGAAAGGAAGTGTAAACGCTATAAAAATGCAGCTTTGTTCAATACTTATCACGTTTCTTGCTGGCCCACC
CTTAACGAATGCTAAGGACGAAGAATCGTGTTAGGCATATTTACGTGTCGCTAGAGCCATTGTGAATTCAAAATGTGACTCGTGAGGTAGCCCAAAATAAAGACATACTTA
CCTAAGAATACGTGGCGTAACTGAGCCAACTGAAATCCATGACAAGTGAAAAGCACTGGAGAAACGACAAGCAAAGTAAGTAAAACAGAGTAAATCAAGAGCAGGCGCTTC
CTTGTTGCGTTGTGGATGATTACAAGAATCGTTCGCAGAGCGTGTAACTTATCTAGCTGTTAAAAACAATACACTCTCGGATATTCGTGCTTTGTTGTGCGTGTTGTTGGT
CGGCACGTTTTGATGTTGCTCGATGAGGTCGGTCGCTGTCTTGAGTGAGATGCTCATCCAAACGTGACATTGGCGGGCCCAGTTCTTCGTGTCGTCAGCAAGGTGTTACTC
TCTCGTGGATTGATAGCGCCAAATCGAGAAAAATATGGCTACCTTTGCAATCGCGGATGATACACTTCATAACGAACTCAACCAGGGTACAAGCATCCCGCAGGAGTTGAG
M A T F A I A DD T L HNEULN QG T S I P Q E L S
CTTCAACAAAAACAACCTCGTGAAGGTGATCATGTATATAACCATGTTCGTCATTGGGGTGTCTGGAAACGTGCCAGTATTCTTGTCGCTCATTCGGAATCGACACAGAAA
F N K NN L V KV I MY I T M F VvV I 66 Vv s GG N V P V F L S L I R N R H R K

ATCACGAATTAAAATGATGATGTTACATCTGACGATAGCGGACCTCATTGTCACGTTCATCATGCTGCCGATAGAé&TCGCTTGGAACATTACGGTCCAATGGTTAGCGGG
s R I K M M M L H L T I A DL I VT F I M L P I E I A WNTI TV Q W L A G
TAATCTTACGTGTAAAGTCCTGATGTTTTTTAGGGTATTCGGTATCTATCTCAGTTCGACTGTTCTCGTCTGCTTCTCCTTAGATCGTTACTTCGCCGTTCTTCATCCATT
N L T CXKXK Vv L M F F RV F 66 I ¥ L s s T v L v C F S L DR Y F A V L H P L

ACN*ﬁ%AACGACGCCCATCGGCGAGGCAAGATGATGGTAAACGACGCCCATCGGCGAGGCAAGATGATGCTAACGTTAGCCTGGATGGTGTCTTTCATCTGTTCGGTCCC
Q v N D AHI RIRGIKMMTLT L AWMV S F I €C S VP O T I I F S S L T H P

TCAGACCATCATCTTTTCCTCACTCACCCATCCTGACATCGAAAAATTCACCCAGTGTGTCACATTTG*KTTACACGATCCAGTTTCTTCTTGCTATATACTGGATACCC
p I £ K ¥ T Q C VT FAF F S DNNUPNE KK A Y T I Q0 F L L A I Y W I P
TTGATGCTGATCGTGTGGTGCTATTTGAAGATACTTCGAGAAATTTTCCGGAGGTCTGGTGAGTCGTCGCAGCAGGAGACCATTCTGTTTCGGATCGAGTTGCGGCGATC
L M L. I v w €C ¥ L K I L R E I F R R S G E s S Q @ E T I L F R I E L R R S

CGACCCAAAAATGATGGAGAG&CATCGTAACAAAACACTACGGCTTTCAGTTGTGATCGTTCTGGCGTTCCTGTCATGCTGGACTCCCTTCGTTATAATCAACTTATGGCT
pb P K M M E R HRNIKT L R L s VvV VI VL A F L s CWwW T P F V I I N L W L

ACTGTTTGACCCGAAGGGTGTCGATGACCGCATCGAAGATCACATACAAACGTTTATGCTTGTTCTTGCCgéAGGCAACTCTTGTGTGAATCCGTTAATTTACGGCAGTTT
L F D P K G V D DU REIEEDEHIOITEFEMMILV L AGGEGENSSsOCWUYN?P?PLIY GG s L
AGGCCATTTCAATAGTGCCGGCGGCCCTCTAAGTCGCTGCCGGGAACGACAAGATCTAGCTTCCCGAATGAACTTTTTGAGTAGGGGGAACGCACGCGACACAGATGAATC
G HF N SAGGU PTIL SR CZRETZ RS OQDTILA AST RMMNT FTILS® RGN AT RTDTDE S
AAGCAGTAGCTGCTCCTATGTATTTACGACGCATAGTCATCAAATGCAGTCGCACCATCAACGCTATCACCATCGCCATGGGCGAAGTGCAAATACTGCCCTTATTTATAC
S s s cC s Y VvV F T THSHOQOMOQ S HHOQI RYHUHZ RIUHGE R SANT ATLTI YT
ACGAGACGCTAACACCGGTGGACAATTTCGTAACCAACACCGGCAAATGTCCTGCATACAGACTACAGGCCACAATCACGATGCCT TTTGAAACCAAAGGCGACATTAACT
R DANTGG QT F®RNIO QU HT RO QM STCTIOQQTTGHNHTDA F *
CGAGCCACTTGGGGTCCTCTATTATAAACAATGCACTGACTGCGACTGGTCTACTCCATTTTTCTTCTAAAT TGTCTCTCGTCTGCGATGAAGAGCGACACCGGAGGGTGT
CAGTGACAGTGATGGCTCTTTCGTCTACGATACGGCCACGGCTTACGAAACAGAGGCACGCCGTCTACGTATGTGTAAGTAGT TCTAAACAGAATTAATTTTCGTATTCGA
ACGTCCGCAGCAATGGGCAGTGCATAGGTAGAAATATATTTACGTTGAAGTATGTACGCGCGTTTCCCTTTCTATTTTCCACTTTTTATGCGTATGATTAGAAAATTGTAC
TTTTTCCGGTGCCAAATGAGATATTACTTTTTTTTTCAATACTACTGATTTACTAAACGTCGACAGTGACGT TTATATCCAACATCTATACCAAACAGTTTAATCATGATA
AGAAATTTCCACACAATGGTCAAGAACGTCGAACGATAATTGAAACCCTATTTAAGCTACTATTCCAGCTACTTTGAGTAGTCTTTTCATCCTACACCGACACCTGCACAC
ACAACGGAGTAATAAATCTATTCTAGTTACTTACTTGACGTTTTATTTATTATAAATACTTTCACAAAACGCATACTTTGTTGATAAGGCTTTAGTTGGACCCGGTATGAA
GGCTATATATAGCTGAATAATCGAT

V. jacobsoni ACP receptor2:

TAGGAGTAGGACTATCACGCTAACTGGTTTCCAATGAAGATGTCTTTTTAATAACCAATTTTCCGGCAAATTCTGGCGTGACAACCATGCCTATATCGTTTGATGCTTCAT
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ATTTATTTGAGTTGGGCATTAGCCAGATCTGTTAAATTAACTTGAAGATTTAGGTATATATTTTTTGCAAGTGATTCTCAAAAAATTACCATTTAATGCTAGCAGCGATCC
AAGTGTGTAACGATTAAATTGGAAGTTGAAAACAAACTCTGCTGCTAAATTCGAATCTGGAATTCGTCGATAATCTCAAAAAAAGGACGTGCTTAGCCCGGGGCCGGATCA
CACATTTTTTAACGTCTTCACATAAAAGCGAAATGAAGTCAGATTATTCCTACTATGAGGCATAACAAGTTGAAGCTGAATCGTAGAGTTTGTGCCGTTATTGAGTACACC
TAATGTCTGGATAGTAATATAGTGCGGTAGATGTAACACTGAATTTAAGCGCACAGATCTGTGTACAGCATCTTCAAGACCAATGAGCGTCTTTGGATCTGTCAAAAGCGC
CATTAAGCTACAATCATGAAACAAATGGCGAATGAAGATACTGTTGGAAACCAAAGCATTTTAGTACAGCCATGGCCCTCAATCGACGATCTTTACCCGCTTGAAGAGGCC

M K ¢ M A N E DTV G N Q S I L V Q P W P S I DD L Y P L E E A

GAJBHECGACGTCGCTGTGTCCGGAGTGTCAATTTAATTCAGGGTCTCTTGTGAGCATTCTGGTCTACTCCGCGCTTTTTGTTTGCGCCACTGTGGGGAACGTACCTGTC
EE s T s L C P ECQF NS G S L VS I L VY S AL F Vv CA T V G N V P V

TTTCTATCCCTGATCAGGAACAGGCACCGAAAGTCACGCATTAAACTTATGATGCTTAATCTCGCGATCGCCGATCTCATCGTAACCTTCATTTTCATTCCCGTCGAJ@TT
F L S L I R N R HRK S RTIKILMMIULNILATIADILTIV TV F I F I P V E I
TTTTGGCGCCTAATGGTTCAGTGGAAAGCAGGCGTGTTAATGTGCAAAGTGTTTCAAGTGGTCCGGGCTTTTGGGCCATACCTCAGCTCAACAATCATCATATGCATTTCA
F W R L MV Q WK A GV L M CK V FEF QO VV R AF G P Y L § S T I I I C I S
CTCGACCGATATTTTGCTGTTCTTCATCCTCTAAN%HTCACGATGCCCAGCGTCGTGGCAAAATTATGATCTTTTTAGCCTGGTTCGTGTCATTGACGTGGAGCTTACCA
L b RY F AV L HP L KV HDAO QIR RGI KIMTIFLAWF V S L T W S L P

CAGGCCGTGGTCTATGAGGTGGAAGGTCATCCTTACATTAAGGACTTCTACCAGTGTGTGACGTTCAACTTCTTTACGAATGCGCCACAGCAAAG!@TATACGTTTTGTTC
AV VY E V E G H P Y I K D VF Y QCV T FNFF TN AU PQ QR WV Y V L F
GGCCTGCTTCTTCAATATGGAATCCCGTTGGTGATTATTATCTGGTGTTACTGCAAGATTCTTCTCGAGATTTGTCATCGATCAACAGACGGTGAGCTTACAACGAGGACT
G L L. L QQ ¥y 6 I P L VI I I W C€CyYy € K I L L ETI CHU RS TDGETLTTRT

GGTCGACCCACAAATCTTCGAGTGCAGTATAGGCAAGTCGTGCGACTGCGGCGTTCAGTTCCGAGCAACGTCGAGTé&ATTACGCGAACACGCAACCGCACTCTACGGCTG
G R P T NL RV QY R QV V RLURU RSV P S NV E C I TR TRDNIR T L R L

ACCGTTATCATCGTACTTACGTTCTTCTGGTGCTGGACACCGTATGTCACAATGGTAGTCTGGTACCAAATCGATACCGAAGGGGCCACCAAGCTCAACGAGTATCTGCAA
T v i I vL T F F W C W T P Y V T MV V W Y Q I DTE G AT KU LNE Y L 0

AACGCCCTGTTCATGTTTGCﬂ%%AGCAATTCCTGCGTTAATCCGTTACTGTATGGCAGCTACGCTAAATCAAACTGGACGCGATTCTTTGCTAGATGTCTGGGTATCGGT
N A L F M F AV S N S C VN PLL L ¥ G S Y A KSNW®W T RVFFAIRTCTULG I G
GCCCACAAAGATGGGGCTGACGGCGGTTCTGTAGCCGGGGAACCTGGTCAACTTGAAAGAAACATTTCTTCACATTTCCGTCAAACGATCATCGTTACAAGTCGTGGCAGC
A H K D GADGSG S VAGE P G OQULEIRNTI S S HUPF R QT I I V T S R G S
TCTCATCGGAGTAAAATACTTTACTCGACCGTCGATCCGCCTTCTCCACTACAGCCAACATCAAGTATCCATTGTCACCAATCAGCAAACAGTCATCTTGATTAGAGCAAA

S HR S K I L Yy ST VD PP S P L QP T S S I HCHOQSANS H L D *
AACAAGTTTTCTAGAAGTTTCGAAGCAAAAAACACCAGCAGCTTCCTTCGGGGCACCCAAAAAGGTGTAACAACGATACTAATTTTCAGTCGGTCTCAACAATACTCCATG
TACATAGACATATAATATTATGGAAGTTATAAAATGTCTCCGAACGTTGCGCCAACTGAAAACGATTACTGAAAAATATGTATCGCAATAAATACCAAAAACAGTTCCACC
TTTATATATGTAAACTAGAACGATCGAGGTAAAATAATAATAATAAAAATCTTTATATATATATATATATATATATATATATATATATATGGCTTATGTTTGAACAACTTT
CCTATTCTAGATTGAAAAACATTTCGGTAGTGGAATAATGTTAATTTTTGATTTTCGTTTAACCTAAGAATAGCACCATGGTGCCACGGAGTCGCCTTAACTGCAGGTTCA
TTATATTTGAGCTTTTAATCGTATAGAAGCATAGTGCAGGAAAAACTAGAAATCAATGTGTTGAGTGCCATCTGAATTATTTTACTACTTCTTGTGTATAATTTACGACTG
CATGCAACATTCTATTTCATATATGAGGCAGTTCTTAACATATAGAGAAGCTATGAGCCGTTAAGTATATACTTAGTTAAATTCTTTAGCCTAGTATATATATATATATAT
ATATATATATATATAATCACGCATTGTGTATTTCACTAGCCTTGTATTAGACACAATGTATATATATGGATTAATGAAAAAAAACGCGGTGCAATCATTGGATGAACAGTG
ATTTCCGTTTAAGTCCATAGACAGCAAACTTAATAATATGACAGTATTGTGTATATTGGTTGAGCAGTTAGGATGCAAACCGTTAAAAGCTGCTTCCCACCGCGTAACATA
AGGCCGAGTAACGATAACGTGGCATGCCTTGAAGGGCTCGATTCTGCGACGCTGATATGCAACTAGCTGTCACACTCGTTAACTGCTATGAAGCCAATGGAATACAAGG
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B) Multiple sequence alignment:
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V. destructor -VOQPWPSIDDLYP---LEEAEE--STESCPECQFNISGS Sil—————-— LUMSAINNYC - TV
V. jacobsoni -VOQPWPSIDDLYP---LEEAEE--STS I CPECQFNISGS Sil—————-— LUMSAINNYC - TV
V. destructor 2 @———————————— - IT/RvANe S
V. jacobsoni 2 memmmmm e ——— ELNQ--GT S IPOQELSEFNKNNIE KN —————— I ITVINANEY S
I. scapularis = -—-———--- IIEETST---SNITSQ--KVAIAEELSENTQSANVQN/—————— VIMCIInY W -G
T. urticae SSASVAIESKLVPDIDLSTLNG--STIHTQYSDLNQLN ANEN —————— TSMLCIRAE | [€: P
T. urticae 2 e NETTTE--GTEEVTLTIDDLKEIFHRIENNDPCLYAMC TIR3GINESE
T. urticae 3 -RETLDSVRDHS--—--ANQVTN--VNFNQFVSSLRRES[I [Eil—————— V| SLLFVEG I
T. urticae 4 e ———————— LASINT--LNMTQDWQDLVSVNILIE R —————— SF VFLFEIG S
T. castaneum ———————————————— NETLDGFANER/SPDVLFEONLTVIH——-————— SAIN V
B. mori

B. mori

V. destructor

V. jacobsoni

V. destructor 2 HIMIADLIVTFI

V. jacobsoni 2 HI@TIADLIVTFI

I. scapularis HLAIADLIVT

T. urticae

T. urticae 2 FYALKDI - AR0L SO YN

T. urticae 3 WA FKQRQ- KCQED‘RINY

T. urticae 4

T. castaneum

B. mori

B. mori 2

V. destructor F DRYFAVLHPL

V. jacobsoni F DRYFAVLHPL

V. destructor 2 MF

V. jacobsoni 2 FICH e T
I. scapularis Q

T. urticae F@F

T. urticae 2 QSV YS TFIIS‘ FLSLPQAA
T. urticae 3 CIS

T. urticae 4 FQF CIS

T. castaneum FLFLRAFGPYLSSNVLVCIS

B. mori @V RlFG YLSSINVLVCIS M LNVAA WIS LEIN=HO S A
B. mori 2 NS QMLYCAW GAIRACRINES
V. destructor

V. jacobsoni

V. destructor 2

V. jacobsoni 2

I. scapularis

T. urticae

T. urticae 2

T. urticae 3

T. urticae 4

T. castaneum

B. mori

B. mori 2 N—-—-SYEGIHVESEN 1XHe . C
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Figure 3.8 A) Gene structure for ACP receptor sequence in Varroa mite is shown. The 7
Transmembrane helixes are indicated by blue color highlighting and underlining. B)
Multiple sequence alignment of ACP receptor from various orthologous species across
Phylum Arthropoda
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Corazonin receptor
A) Gene structure:

V. destructor

GTACCCTACTGGGCCGAATTGATAAAACAGTCTACTTGAGTAGATATGAAGAAACATAACCAGGGAAATAGATAATCTTTTATTCTGAAATGTTACCTCAGCAGAAGTGAT
CAGTGTGCAGTGATAGTGAGGTTTAACAAGCCATCTCATTGAAGCTGTCACGATAAGGCGGCCAAAGGTGGTAGTAGGAGGTTAGGCTGCTGGAGACCTATTTGACTTCAT
GAAACCACTTCCGGATTCAACGTCTTGCATAGAAGACGGTGTGTCTGTCGAGTCCTGGGTAGCGTGGCGCGGATTCGTGAGAGAATACGGTATCTTACTTTACTGGCGGTT
CTATTAGCTTAGTCTCTGGTAAGAAGCATTTCAAGAAATTGGCCTAATTTAGCCAGCCGATCGCCAACAAGAGATAGTGAAGTAGAGGGAGAAATGGACAAGAAGTGCGAG
ACAGATCGGGTACTAACAGGAGCACGATGTTGCATCGTATGCATTGCATATGATTGCAACATATGTAGGCAAGAACACGCACATGGGTGATCCGGTGCATGTGGAAAAGTA
CTGGCGGGATTTTTCACTCTAGTGGCTGACGATAACGTTGTGCGTGGTGGTTATCTGTTCGTCCTTGCCTAAGACCGGGTCAAGATAATTGAGATTTTCCTAAAGTCGTAA
ACAGATGAATAGTTTTTGTAAAATCCGACTACGTGGATGGACTTGAATTCTCTAAGAATGATGATGACAACCATAACCCACTACAGAAGCTGTCCCCTCCGCTAGAGCGTT

GCTGGGAGCCCGTATACGATCCCGGCTATTGCCGATCTGCATAATACATACTTCTGAAAAAATATTGCGGGCTGAAGGTCTTCAGAGAAAAAAATGCTAGTTTTGTCGGGT

CATTTTTCAGTCTTTGAATAAAATTCGAAAGGTTAAACAACAAGTCAATCGGAAGACGAGACTTACGTCATCAACGACATTCAGAAACACCATCGAGCGTCTACGCAGGAT
CGTCTCTTAATACGGGAGTGCCCCTATAATTAGTTTCACTGTGATAGAACCTTCATCGTCGCCTTTTGAGGTGGTCCATTCTGAAGATGGTTCACTCAACGACTCTATCAG

GTGTACAGACATTTCTTCTGCTTCGGCTAGTACGGCGAGCCGTTTACGATTACTCGACGACTGGCCACTGCCGAACCTTGCGCTGACGCTAAAGGTGTCATAGTTGGCCAT
M
GCCGCTGGGCATGATCAACTGCACAGGAGCTGCAGTGGCCGCAAGCCCGGCCGCATCTTTTGGTGGCGCAGGTGAAATCCTCGGTGAGAACAGTCTCACTCTAGGCACCTC
P L 6 M I N CT GAW AWV AAS P AASF G GAGE I L GEN S L T L G T S
GAACACTTCAGCTCCGAGCTTAGGCGCCGAAGTCATGCAAAATTTATTAGCAAATAATATGACCCTCAACGGAACCGTCTGCAATGAAATTCCTCGGGCTGCGCCAGCATT
N T s A P S L GAEVMQNTLLANNMTILNGTV CNETI P R A A P A F

CACTACCGCCGTACTGCTTAGGGCCTGCGTGCTATCAGTCATAGCAGCCTTGTCATf!éTGTCAAACGTGGCCACGTTGGTATCAATATCGCGAGTCAATCAACACGTCCG

TTCATCGCTTTATTCTCTGTTAGCARATATGGCAGTTGCAGACCTTCTTGTCACGGTGTTCTGCATCGTTGCTGAGGCGGCCTGGACCGCAACGGTGGCTTGGTTAGCCGA
§ s L ¥ s BILAN MAV ADL LV TV ECIVAEAAWTSAZTV AWLAD

TGAAGTAACCTGTAAAGGGCTCAAATATATGCA!&TATTTTCTTTGTACCTGTCAACATTCGTGTTGGTCCTGCTAGCTTTCGACCAATACCTAGCAGTCACCTACCCGAT
5V T CKGLEK?YH @V ESLYLSTEYVLYVLLAEFDOYLAYT Y P o

GCGAAGGGACAAAAATCGAAGGCTCATTCGACAGCTCGTCGTGTTCATTTGGTTTCTAGCCGGAAGE!ﬁ%@AATCCCGCAGGTGTTTGTATTTCGTGTTCTTCGAGGCCC
R R D KN R R BOE'R QL V.V F I W FLAGSILAIPOQVEY RV LERGE

TTTTATCGAGGAGTTCTACCAGTGCGTCACGTATGGTTTTTATTCAGCAAAATGGCAGGAGCAACTATACACAGGAGTATCATTTGTGACGATGTTTTGCGTGCCGCTCTG
F I E E F Y Q C v T Y G F Y S A K W Q E 0O

TTTTCTCATTGCAATTTACGCTTGTACCTTCGTCACGATATC&!&CACTCAGGGAGGCGTGTTACTGCTCGCCCGTGGCAGCGGCGTCGGCTGCAGTGTGTCGGCTACGTC
¢c T fF Vv T I S R T Q G GGV L L LA R G S GV G C s VvV s A T s

ATCTTCCTTGACGATGGAGCAACAACGTAAGCGATTGTTTAACCGTGCCAAGCGAAAATCACTTCTAATAACGCTTGTCATTGTGGCCGCTTTCGTCGTCTGCTGGACACC
s s L. T M E Q 9 R K R L F N R A K R K S L

ATACTACATGATGATGGTGATCTTTGTCTTCCTAGCTCCTGATGATCAGCAGCTTACCGAGGAGCTGTCGGCAGCAATCTTCTTTTTTGGCAGT TCAACGGCGTTGATTAA
F V F L A P DDOQO QUL T E E

CCCGCTCATCTATGGAGTATTTCATCTTCGGCGCAATCGACGAGGACCCGTTCGTGGCGTCTTGCGTACGGTAGCTTCTCAAGGTTTCTCGGAGCGGGACGCCGATTCGAG
H L R R NIRIRG PV R GV L R TV A S Q G F S E R DA D S R

GGTAACAACCGCGAGCTCCCGTAAAATGCAGCGAGATCCAGCTTCGTCGAATTCGCTTA!&KEAACAACGGGACAGACACACAGATAAACAGTGGGAAAAAGTGATCCAC

v T T A S S R KM QR D P A S SN S L RIRNNGTDT QI N S G K K *
GTGAAAGCTCGCTGACTGTAATGATTAGAATGCGCACCTCTACATTTTTATTTCTATTCCCCATTTGTTTGAAAGAGTCTGATGCATCGCGTTTAATATCTAGCGCTTTAC
GTATGCGACACGAGCGCCGTATTCAGCTAATTTTGTCACGCACGATTCTAAAAACGAACTTCAAGGAACGAAAATAATACATAATTCTGCGGCTAGCTCCAAACACGGTAT
ATTACGTAACTGTATAACAATTAGGAAACAACTTAATTGTTTTTTATTTGAAGAGAATACATGTTTGCAATGCAGCTTACATATTGAAGAGACAGAACGGGAAAAATGAAG
TGGTCAGATATATTGTGTTCAAATTCGCTTAGATTCTAGCCTTTGTTTCACTGTCGCAAAGGCGATGTTAGCATTTGTCAATCTTAGCGACGCCTAGTATCAGAGGTGGAT
CAGGGCTCAGGACAATGTTTAAGGTGTTTCTAACGAAATGAAAATGCGGATTCAACATCATTTGATGGTCTTCATGCCTTCTACGAAGACAAACTGGTAAGCATCACAGCA
GTATCTATCACTTGAATATTCAAGCATGCTTCGTCGTATAAATCTGGTCGTAAAAAACAGGTCGAAGAGAACTGATTACCATTTACAATATACTCTTTACGACTAACCAAT
GTGCAAAAAGCAGGAAATATCCACATGCATGAACCATGTGGTAAACAGCATTGTAAAGATCAGAAACCGAATGGCCATAAGCAGCGAACGGGCCAGACGCTGTTAGTTGAT
GATGCCTCTTACGTACCTTAGCATTTATATATTACGCATATATACGGGCAGATGTGCGATCGAAGGCATAGTTACGTATATTAA

V. jacobsoni

AAAATTTATTAGCAAATAATATGACCCTCAACGGAACCGTCTGCAATGAAATTCCTCGGGCTGCGCCAGCATTCACTACCGCCGTACTGCTTAGGGCCTGCGTGCTATCAG
M T L N G TV C N E I P RAAPAUFTTA AV L L R

TCATAGCAGCCTTGTCATTGGTGTCAAACGTGGCCACGTTGGTATCAATATCGCGAGTCAATCAACACGTCCGTTCATCGCTTTATTCTCTGTTAGCAAATATGGCAGTTG
R v N Q H V R S S L Y S

CAGACCTTCTTGTCACGGTGTTCTGCATCGTTGCTGAGGCGGCCTGGACCGCAACGGTGGCTTGGTTAGCCGATGAAGTAACCTGTAAAGGGCTCAAATATATGCA%@TAT
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TTTCTTTGTACCTGTCAACATTCGTGTTGGTCCTGCTAGCTTTCGACCAATACCTAGCAGTCACCTACCCGATGCGAAGGGACAAAAATCGAAGGCTCATTCGACAGCTCG

TCGTGTTCATTTGGTTTCTAGCCGGAAGCCTAGCAATCCCGCA!CTGTTTGTATTTCGTGTTCTTCGAGGCCCTTTTATCGAGGAGTTCTACCAGTGCGTCACGTATGGTT
F RV L R G P F I E E F Y Q C V T Y G

TTTATTCAGCAAAATGGCAGGAGCAACTATACACAGGAGTATCATTTGTGACGATGTTTTGCGTGCCGCTCTGTTTTCTCATTGCAATTTACGCTTGTACCTTCGTCACGA
F Y S A K W Q E Q c T F V T

TATCACGCACTCAGGGAGGCGTGTTACTGCTCGCCCGTGGCAGCGGCGTCGGCTGCAGTGTGTCGGCTACGTCATCTTCCTTGACGATGGAGCAACAACGTAAGCGATTGT
I s R T @ G G VvV L L L AR G S GV G C SsSs V s A T S S s L T M E Q Q R K R L
TTAACCGTGCCAAGCGAAAATCACTTCTAATAACGCTTGTCATTGTGGCCGCTTTCGTCGTCTGCTGGACACCATACTACATGATGATGGTGATCTTTGTCTTCCTAGCTC
PN R A KEREKS L LIS LY IVAAEYVVEWTEYYNMN Y I LA

CTGATGATCAGCAGCTTACCGAGGAACTGTCGGCAGCAATCTTCTTTTTTGGCAGTTCAACGGCGTTGATTAACCCGCTCATCTATGGAGTATTTCATCTTCGGCGCAATC
P D D Q Q L T E E H L R R N

GACGAGGACCCGTTCGTGGCGTCTTGCGTACGGTAGCTTCTCAAGGTTTCTCGGAGCGGGACGCCGATTCGAGGGTAACAACCGCGAGCTCCCGTAAAATGCAGCGAGATC
R R G PVRGVLRTVAS QG F S ERDAD SRV TTAS S RKMOQR D

CAGCTTCGTCGAATTCGCTTAGGAGAAACAACGGGACAGACACACAGATAAACAGTGGGAAAAAGTGATCCACGTGAAAGCTCGCTGACTGTAATGATTAGAATGCGCACC
P A S S N S L RRNNGTDT QI N S G K K *
TCTACATTTTTATTTCTATTCCCCATTTGTTTGAAAGAGTCTGATGCATCGCGTTTAATATCTAGCGCTTTACGTATGCGACACGAGCGCCGTATTCAGCTAATTTTGTCA
CGCACGATTCTAAAAACGAACTTCAAGGAACGAAAATAATACATAATTCTGCGGCTAGCTCCAAACACGGTATATTACGTAACTGTATAACAAT
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B) Multiple sequence alignment:

NINEA S SSEED SSHEeD SSEeD SSHEeD SShes SSHEED

SSEeD

melanogaster
mellifera
scapularis
destructor
jacobsoni

melanogaster
mellifera
scapularis
destructor
jacobsoni

melanogaster
mellifera
scapularis
destructor
jacobsoni

melanogaster
mellifera
scapularis
destructor
jacobsoni

melanogaster
mellifera
scapularis
destructor
jacobsoni

melanogaster
mellifera
scapularis
destructor
jacobsoni

melanogaster
mellifera
scapularis
destructor
jacobsoni

melanogaster
mellifera
scapularis
destructor
jacobsoni

MEDEWGSFDRLPSVPSASMDLETENEVVSNWS TWANFTRLIAGHRPERINY TLNMIBVGY
—————————————————————————————— MT I@NNYTTYULLACDNE TNFENHTRIRT T~
SSVAIVIRSG-

————————————————————————————— MW-—SCRLGCVLLIAAT
————————————————————— MPLGMINCTGAAAASPAASFGERGE[ GENSLTIGTSN

GMATDESNLSVSETIHRLPAYANSN S < SLAHTNSRHEAPPMAEQVPEH)/MDHESHOLEERSG

-LDSRIWNTSEL:H FHSYNIKNI¥EL —————————————————————

————————— GNSHLIgKDECGPDIJA
TSAPSIEGAEVMONLLANNMTHENG

VY N Wiy S TRI SRRNSRETWEA R Frils

SL NEATENS IYREREEEEEIRE sw A W01 2 vADLFVEvVEC I8
R NEATLVS IR LARILGVADLLVTFC
anC SINNA TLV S TERIGSOEEEES H AVADLLVTVFCI
§AC SINMA TLVS TERIGNEEEEESE H AVADLLVTVFCI

NRGPEFMEEFYQCVTEGF YMARWOEQ
Qley EIFIQCVTYGFY

--— -k T INYS
3 ERME----- KVKINNDI ———————————————————— C
IQRSF PSKD ASGSGKH QENHEPQARRHAKAETLAP
QGGV| LLA CSV,

QGGV| LLA
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D. melanogaster TAJTORDGTEGESROMRAFROQSYYRSSSNGTAGPGAAPFKEQVGLLHEVGP
A. mellifera —————
I. scapularis -FNS B REAENSVLLTNCPRRTRSGH-————=—————————————————
V. destructor -vilripgeoerg------------------ - - - - - -\ -\« «
V. jacobsoni -Vi Roery----- -~

Figure 3.9 A) Gene structure for Corazonin receptor sequence in V. destructor and V.
jacobsoni is shown. The 7 Transmembrane helixes are indicated by blue color highlighting
and underlining. B) Multiple sequence alignment of Corazonin receptor from various
orthologous species across Phylum Arthropoda.
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CCAP receptor:

A) Gene structure:

V. destructor

TGTGCATGTGAGCTAAGCTCAATTGTGAGAGCTAGCAAGTTTGTACAGATCCTGCACGAAGACAAAGACGCCAACAACGACGTAGAGGAAGACAAAAAGTAAATATGTTTG
TTTTGGAAACATTTCGAAAGTTTCGAAACTGAAAAACAAAAGATACAACTAGGACAAACTAGGATCAGTTGCAGGTAGAAGCAGCTGTGCCCGCGCAAATGACTGGGCGTG
AATATTAGTTCGAATAAAAATCACAAAGTAGGATTCACCGACCCAGCCAGCAGCCGGTCAGTCATCAGTCAGCARAAGAGCGGCAGGGGGCCACTCGATAAAGCGGTARAT
ACGCGATAATATAAAATCAATCTTTTTGCCATAAGCTTATTTTGTACCCGTTCGCCGACAACTAAGCCATTCGCTAGTGGACTTGTTGGCGCCTATTATCTCTGGCGTATT
TGATGCTGTTTTGAGGGACCAACTCGGTCAGGGTTTGGGTACGATCCTGGCTGACGTCAGAAGCATTGTACGACGGACTATAGGGTGGAAATTTAACAGGAAATGGATTGC
AGTGCGTTGGTATAAACGTGTGTGTATGTATGTGGCTGCTACTCAACGTATCATTGCACGAGGCCGAGGGTGGTATAGGACGGGCTGTGCAGTGGATAACGGCTCGTTATA
GCTCGCTCTGTGAGCTTAARACCATAAGCTAAGACGATGGARAAGGTGGCGGCCGGCTTTGCCAGTCACGCAACGCGCACGTACTTGCTGACAGCTTGTCTGACCTGGTTCC
TAATCTGGCCAATCTCACAAGAGCCAAAAGACAATGCGCGCGTCTTTCCTTATATTTCTAGTATATATATTCATACCCTCATACAGAGGATAGCCGTAAAATAAACGTTAT
AAGAACGTGAAATGAGAGAAAGAAAAAAGTTAGAGAAAACAATCGTACAACAAAGTTCACTTGCCAAAGTATTCCTCGCATCCATCATTCTCATTCATTCTCGAAGACGGG
AAGAAAATCCAAAGTAGCGGGACTAACTGCAAGCTACAGAAACGGATATCCGTACTATAATGGAACAGAAGCATACCATCTCAAATTAAGTTGAATTTATTCCGTGGGATT
TTCTCGAAGATTTGACGTCCAACAGCTAACGTCTCAGCCGCGTCGGAAACAAATGCAGCATAAACGAATTACGTAACGACACAACCATTGCAATCACAGACCTGTACGCAT
CGACACACTGTTACCGTTTACCTCCGTATTTGTTGATTGGATTGTAGTCCTCAAACAGCCACAATTCTGTGAAGAAAACTTAATTGAAATAATGGTGAATGTAAAAAATAT
CACAGAAGCATACGTTTACTAATTGGCGTTTGAAACATGTTCCTCTGCAACGTTATCGGATAACTGTTACAGTGGTCAGCTGAGATACAGCTGACTAGTTAATAGTTAGTT
TCATTAATTTGATCAATAATAATAATAATGTGACGACATTAAATGACGTATCGACAAACGTGAAGAAGCGTTTCTGCGCTACCTGCATTGCTAAAATAAAAGCGTAAGCCG
GTCGTTGTGGGATGTCAATATGGATGAATCGCTGACAACTGTCGCGTCTGCAGCATCGATTTCGGGCTTGGACAAGACGGCGGAATTAAGGAGGCTCTTTGAGCATTACAG
M D E S L T T V A S A A S I s G L DK T A E L R R L F E H Y S
1st Intron

TAAGCTCCAGGGGTATGACTATGACGAAGTGTTACGTATCATGAATGAAACCGGGTTCAATTTCACCGACCCAGAAGATGATATTTACATTTTTTACAAGACGGAAACCTT
K L. o Gy by b E v L R I M NE TG VF N F T D?PEDDI Y I F Y K T E T L
GATCTTTTTATCAGTCCTGTTTACTCTGATAGTAGTGGGAAACTGCGCAGTACTCGCTACTTTGCTCGCTTCAAAAAATCGGAAATCCCGGATGAACTTTTTTATCATGCA
I F L S VL F T LI VvV G6GNCAVLATTLTULA ASI KINU RIEKSI RMNTZ FU FIMH

TCTCGCCATCGCAé&TCTATTGGTCGGCCTTGTGAATGTGCTAACAGATATCCTATGGAAGATCACTGTGGAATGGCATGCGGGTAATGCCATGTGCAAAATCGTCAAATA
L AI ADTLTULVG6GL VNV L TDTIILWI KTI TV EWUHA AUGNA AMMTCI KTIVI K.Y

CGCCCAGGTAGTGGTTACATACAGCTCAACGTATGTCTTAGTGGCGCTTAGCATTGATCGTTACGATGCCATAACCCACCCTATGAATTTCTCAGGTGGTTGGAAGCGCGC
A Q VVVT Y S ST yY VvV L VAULS I DI RYDATITHU?PMNDNUES G G W K R A

CCGCTGGCTAGTAACAACGGCCTGGTTTCTAAGCTTTCTTCTTTCAACGCCAGCTTTATTCATCAACCATGAAGCAGTAGTCAAAGAGCGTAAACAATGCTGGATAGATTT
R WL VTTAWPF¥ L S F L L S T ©PAULU FINUHIEA AVYV V KEIRI KOQC W I D L

ATCGGCGGATCATTGGAN%HGTATATGACGCTCGTAGCGGTTTCATTATTCTTCATCCCAACAATCATCATTGCGGCATGCTATTCCATCATTGTGTATACTATCTGGAC
S A D HW KL Y MTL VAV S L F F I PTTI I I A A CY s I I VY T I W T

1

GAAGTCCAAGGTGCTCTCATATCCTAAGAGTAGCCTCACCAGCAGCAAGGTCTCAAAGTCCAGTCTTTCCGTTGGTGGTGTCTCAACAAAGAGTCAAAAAAGCTGCCACTC
K s K v L s Y P K S s L T s sS KV s K s s L s VvV G GG VvV s T K S Q K S C H S

TTCAGGTGGTACGAACAGCGATACGGAAAGTAAACGTGCATCTTCCCGAGGAATCATTCCGAAAGCGAAGATTAAAACAATCAAAATGACTCTAATTATCGTATTTG!&TT
s 66 6 TN S D TE S K RAS S R G I I P KA KTIKTTIKMTULTI I V F V F

CGTGCTGTGCTGGAGTCCGTACATGATCTACGACCTGCTACAGGTCTATGGCTATGCGGTGATCGAGGACCGGAAAACAGCGACGGCAGTGGCAACATTCATGCAGTCGTT
v L C W s P Y M I Y DL L Q VY G Y AV I EDIZRIKTATA AUV ATV FMZOGQ S L

GGCACCACTTAACTCGCTCGCCAATCCAATGATCTACTGCCTTTTCTCTACACACGTCTGCAGGAATATCAGGAATCATCGTTGGTTCGATTGGCTCGCAGGCAAGCTGTG
A P L N SLANUPMTIYT CUL?F S THUV CIRNTIIRNIHI®RW®WFDWILAG K L C

TACGTGCTTCCTTTGCAGCAGCTCAGCGGAAACGAGAAGAGACGCCAACAACACAACGAGCACGATAACGTCTAGTCATCGCCGACTCACTACGTCCAACTATGCGTCCCT
T ¢ ¥ L C S S SsS A E T RIRDANNTT S T I T S S HRIRL T T S N Y A S L

ATCTACCTCACTCAGGCAATCTGGTCGTAGTGGTCATAACATTCGGGTGAACGGCGGCGGTTGTTCTGTCCCAGCGACTGCAGTGGGAACAACTGGCGCAGGTGATTCTCA
s T s L R Q S G R S G HNTIRVNGGSGTCS VP ATA AV G T T G A G D S Q
GCTACCCGCAACAAATCGTAAGGGGAGTATGCGACAACTCAACTCGCTCGTCTAGCACGCGGCTTCCATTGCCCTCGGGGGCTTCGGGGGTCCCATCGCTAACGGTCAGCT
L P A TNIRK G S MR QL N S L V *
CCCCCCACTGAAGGAAGTTACCTCCGAGCTGGAGCTGTCAAGCGAAGCGTCCGAAAGCGTCTCAGATCACCATCGAGTGTCGATGCCTGCACCTGCAAAGCAGGTTCTGGC
AGCTCGTACCGAAGACAGCTACAAAGCAGGCGATGGTCCGGATTTTTCGTCAGAACCTCTCGCTTCTGCAGCTACCGATACAGGTGACCAGCTACCTAAGGAGTATGAGAC
CTATTTTTAGCTGTCTGATTTAAACCATGGACAAAACCACGTACCTCGTGCATACGACGTTAGTTGATTGCTTAGTTTGTTCATACATGTTCGTAAAGTAGACAGAATAAG
AGAAATTGGGGTATAAATGGTGAGTGAGCAAACTGCACGTACACACATAGGCACAAATATACATGACGAGCAATTTCGTCGTAACCAGCATACATGAAACTTTCCTCTGCA
CAAATCATAAGGATAATAGGCCCTCTTTAAGGACTAAAGGAGTTAAGGCCTGCAAACAGCAAAGTTGGTTTTAGTAGTAGTTAGCCTGAAGACAAGCGGGCGCACTTGGCA
CAACAGGAGCATCGTGAGTCACAAAAATATAATAAATTATAATGAAAAGCTACTATATTTAGATAAATATTTACGTAATCGTGTGCAGGTAAATGTTGTATAATAAAAACA
CGTATAAAAATAATGTTTTACAATATGACAAAACCTTTGTTTGCGTCTGATAGCTGGTGAACTGAGGGAAGGTTGAAATGGATATAGGATAGACTAGCGGCAAAGCTACTC
TACAAAAACAAAGAAAAGGTAGACAAAACACATAAAATCGATTTTCTTTGAAGAATATTCATGTTGTTATTACAAAGTCGTATACCACAGAAACATGTGACGATGCGGTGA
TTACTATATTACGATGACCATTATAATGGAACGGCGACCGAGGATTTCGACTCCGTTCGGTGGTCACGAGTCGCTTTAGAGGACTGCAGTGGTTGAGGTGCAAATAAACTG
AATTAGGCGAAAGTCAGGGTTGCTTGTAAAGATGGGCAGATGTCTGCTGTCAGATACGGTAGTGGATTGCTTAAGTATTTACCAGTCTATACGAAAGCGTGTGCATGGAAA
AAAAATTGGCTTCTTTCGTGTGTATGACTGTGCAAGTGTATGGGGATGTATACAACAGGCTATAACGGATCAGGGTTTTTCTATTAGGCCCGGTTAATGACTATAGGCACA
TTCTAGCGTAGTCAGTTCCTGCTGTCTTTCGACTTCGGGGATGCGGAAAGATATGGGTGGGAGACAGGTCGGAGCTGGTTTATGGTCAACTTTCAGGGGACAGTCACCCAT
GCTGCTTATTTATGTTATGGTTAGATGTCGCATAGTACATATTGCTACACGTATTTCATAAATGTTCTCGTGTTAAAAATTTGCACGAATCGTGAATGTAAAACGTAACTG
AACGTCGACTTGTTCTGCCTGCATCTCTGAGATGATATGTCGAACTCCACATGTATACAGAGATTAAGAGCATGATAAACAATTGAAACGGCGCTGTACATCCCATGCTTA
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TTCTATTATGTAAACATGAAAAAATACAGGTTCACGTACAAATATTGTGTTATTTATTATAGTAATATAATAAGACCTTCCTGAAATGACTTGTTCAGGATTTGTGTTTTC
CACTATGAAAAAGCGTAAAGTTTTATTTAAAAATGTAAACCAAATTCACACAGCAAAATGTAAATAAATAGCGTATTTATTTTTTATAAAACTGAAGCAAGCTTTCCGAGA
ATGTTTATTTAACCAGTGAGCGCCCATCGAAGCTATTCAAAATTGCATTCAACTTTCTGTTCGGTTTCCATCGACTGGAACTCGACGACCCGATGATCTTCGGATCTAGAA
GCAAATTAAATAACTAACAATTGACGAAATTAAAGTATCGATCATATTTGGTTTAGTTTGAATGAGGTAGTGGTGTGGGCGCAAAGAATCGTGCGCTAATCCTTGATGGCC
TAGAATGTTTTTAAAAATAAGCTGAATTTTCTTTTTTCCGACCAGCTGAGGGATTAATTTTAGAGAAAAATTACGTAGAACATAATGTCGAACAGAACTTTTACTCGTTAT
ATATGCGTTTTATGTTATAAACA

B) Multiple sequence alignment:

D. melanogaster MLHLRLEDSEEY Yl IEIASESHEMASETSTERSENGT----—-—-——-———————————-
A. mellifera S—===== VEE-=—=————————————————— VNET——————— - ——————
I. scapularis AT—————— EN- D
T. urticae TM-————- EN-jF' PRIE'PR]- [ DIRO SIS P/ DIVA‘RENDQIVDENSLHHQRSSPSPHSEFQP
V. destructor DE———-—-—-— SLig A I DKIRAE RN BE S Y ——————————————————— ————
V. jacobsoni DE——--—-— SLig AN T DKIAE | RIVI@F Y ———————————————————————
D. melanogaster ————QGAG——EVAAGGESLTPTDVAAVNLTYFTPA S MLAPTTIATTTASATMVQIQT
A. mellifera —-———-DDNH--T QKEGSTWNFTDEVDT —————————————————————————————————
I. scapularis  ————=—=—=—====—=——"—"——"—"—"—"—"—"—"—"—~—~—~—~—~—~——————(— W ————
T. urticae SQHSK)eR. I N@T——————————— A-———————= WSTNGS————————=—=—=—=—=—=——————
V. destructor -———8 o --€ D--————-——-— M--—-————-- EVLE - — - —m
V. jacobsoni -———-8)o--€ D--—————--—- M-—-—-——————- EVLEig - ———————————————————
D. melanogaster YEYRTEGIWNI WILEFTMI VIEBGNSAV LMY
A. mellifera YEYKTE@T LWILF‘MIVVGNIAVLIG QW
I. scapularis EI T TELWILFRWMT VIRGNSAV LR iK
T. urticae TEQLTFLWIIF M T

V. destructor M YKTENRTEE LML FTTVVGNCAVL A
V. jacobsoni

D. melanogaster

A. mellifera E<BRKERVEBFF IO AJADLLVGLIJVLTDI

I. scapularis SKSRKSRMNFFIMHLAIADLEVGLINVLTDI

T. urticae SKIERKSRMNFFIMHLATADLLVGLINVLTDI

V. destructor SKNRKSRMNFFIMHLATADLLVGLMNVLTDI

V. jacobsoni SKNRKSRMNFFIMHLATADLLVGLMNVLTDI

D. melanogaster % TIRVIRYEINK | [ O[@H Pe)
A. mellifera TYVLVALSIDRYDAIT'PMNFIG Al TR I K R\YE (€ T(®)
I. scapularis TYVLVALSIDRYDAITE LEWGARIS A A RIBO
T. urticae FrT PELFLY THNEE DA P@)
V. destructor IR AW T SIYTIMSANP AT FEBINEE A INRINO
V. jacobsoni IR AW T, ST IRSEN P A T FINNEE A EIRK(®)
D. melanogaster [(GER-INGS)ETARNO/NAUI-IAYS 2 1 A NRE 2 I SN~ IRV UMRNAING S | FVP-TER—-—————
A. mellifera [GUESSING ST QWK Naul-IRYS FiiNa T AUSINEEG C[ONA ARV AU - OGGAMRO-G————————
I. scapularis AGSLFFMPRLl IlACY SHIVY TIWTKSKELS YRP KIS
T. urticae AIRSTFEFIPT IISACYSIIVHTIWTKS ——————
V. destructor IS IRNSSTTSSK
V. jacobsoni ACYSTIIVYTIWTKSKMLS YgPKEISIMNSISISS
D. melanogaster —————=——————————————————— GFGAAPA KMTL@IVEVET]
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A. mellifera =  ——————————————————————————- PT

I. scapularis  ————=————————= P GSNNHKTGEP)S AKIKTIKMTLIIVEVEI
T. urticae ———-KVKHINECHLVSENNGCSINHLT S INAID LB AKIKTIKMTLIIIFVFI
V. destructor VSKSSLSVGEVETKESO: [@®HSSG—c NSy AKIKTIKMTLIIVEVE
V. jacobsoni VSKSSLSVGEVETKEO: [@HESG—C NSy AKIKTIKMTLIIVEVE
D. melanogaster

A. mellifera

I. scapularis

T. urticae

V. destructor IYCLFSTHVCRN
V. jacobsoni IYCLFSTHVCRN
D. melanogaster RFPPPKEFTCC-@KS--YR----NNSQQ------ §R---CHIVCERHNECDSMR- -

A. mellifera Neovisgsgw-@ArNEaH@r--citap--—--- R SSTRT--

I. scapularis SVGLCNCInAE GW)g——-Si{—-—PRRSW-REQTVSRP§--————————————— ECS—-—

T. urticae KIISAVIL TNV [(@F@TI)5—-RLYPTIRE SILIASIHNINT I YINRNIS GIRN S L8——-PHNRYQUA
V. destructor RWHED, T® L@ ——SELEIN- T TR HIRER TR —-NYA——[C)IR
V. jacobsoni RWHED, T® L@ ——SELEIN- T TR HIR  TR— —-NYA——[C)IR
D. melanogaster [----ETV--BrREQ------- TNETNAEVV I@ERETKY--—-——-———————————-————
A. mellifera IN———-BITAQSNRRS]——————— IAM STS—-————=—=""""——— = ———— ==
I. scapularis E-——-B0@--00/s——————— STEEQIEEQOH---RREEN TRy ————————— DS—-—-———-—
T. urticae IRNKEHYQ®-—-QQO0OFOPSSLYPEINTEFDTYE@DT IQQTEN i LDNNDANSDTDCKLNSNKI#T
V. destructor I————SJPR®— -GS ——————— N RVNGEGE®S WAUGIEN - ———————— GAGDSQI#P
V. jacobsoni T it S TINOREE SIER S i INFIRVNGEGE®S A GIE————————~ GAGDSQIRP
D. melanogaster ------ VIVPAMBEM———--

A. mellifera =  —-—-—-—--- RKRVUVEIRY—————

I. scapularis = ----- TDAHVRN§H----- V]

T. urticae LNNSINLDESTSDSENMSTRLR

V. destructor ATNRING S VIO NS — — ———

V. jacobsoni ATNRINGSVIROL NI - ————

Figure 3.10 A) Gene structure for CCAP receptor sequence in V. destructor and V.
jacobsoni is shown. The 7 Transmembrane helixes are indicated by blue color highlighting
and underlining. B) Multiple sequence alignment of CCAP receptor from various
orthologous species across Phylum Arthropoda.

RYamide receptor
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A) Gene structure:

V. destructor

GTCAGCATCTGATGCTTGGATTAGTAGCGTTTAATAGGAAGACAGGTGGAGAAAATGTGATACTTTATCAGTAGAAGCCTCTACATACACTTTAAGGGGCATAATTAAGCG
TGATGGCCATAGTACGGTCGCTGCTTTTATATTAATCGATACAAAATACACTGAGATCCCAGGCTGCAAACAGTGACAATTAACATTGACAGTCTTATTGAATTTCACCGC
AAGCAAGTGAAGTAATCAATTCAGAGGTCAAACATGTAAGTTACTGTTTGAGTAACTCTTCCTTCGTTTGCGCGTGTTATTAAAGTACTTCGGATTTAAAGCGGGACAGCA
AGGAAGATATTACCTGAAGCGCCAAGTGTGACCGTAAATAGTTACAACCGGAACAACACAAACACATTGGTCGTCCGTAAAAATATAAAGGCGGTTATGCTGCAGCAGTAT
GACAATAATATTTCAAGAACAAAGTAAATAAAAAAATTGTATGCTACGAAGCAAACAGGCTGCCCTGATTCGAGCGTTAAAAAGTGATGTGATGCGTGTCGACCAATGCAA
AAAGTGATCTACGTGAGCCATACTAAAAATATAACAAAAACAAAAATGAGTTTGTGGGATCCCGCCACCATTAAATGGATGGCAGTGATCAATAATCTAAAAGAAGTAAAT

GTCATCGATGAAAGTGGACGCACAGGCACCAGTAACAAATGCTAACAGAAGCCAAGAAATCATGGATGTGATATCGCTGGTGTCATTCTTCGATGTTCGTACATAGGGTCC

GCTCTTTACTAAATCACATCAAATCATGTGAAAGATGGATGTAGCATTCTTGGAAATTCCAACACCTGACTGATACTTCCTTATGGCCACTCCCAA&TCTATATCCGGCCG
ATCAGATAGTTGCTTCTCAGCACTAAACAACGCCTGTCTACGCTCGGGCTCCGAACTTGGACCACAACGTACCCCTAAGATTAGCAGGCAAATAGCAGACAGTTATGAATG

ZVK!H@ETATTCAGTTGGATAGCGGTGGGTAATCGTTGCAAGGACTGCTCAGGAATACGGTCAGATTTGCGAAACCTAGGTCGACTTTTAATGACGTTCAGGCCGTGCAAA
GTTACAGATCTCTCCGACATTGGCCTGTTGGTGGTAATGAGAGCTAGTCTAGACTATGGGTCACCCTACTCATTTCGATCGATGCACCTATAAGTCAAAAATTTAACCACG
GACTCGAGTAGCTGTTTGTCGCGGCATATAGCCAACCCAAATGCATCATCTCCTGTAACATCCCCTATATTTAAGATAGCAGAAATACGCTTCGTTGAGCTCCATCGAGAA
AAAAAAATCTTCATTTAACAAGGATACTGCACCATATTGTCTTAACCGCACAGAAACGTTCATTCACAGAAAAGGCCGCTCAGTATTCCTCACAACACCGTATATAGTAGT
CGTCCAGTAGCCGCGTGCCTGACTAGCAAACTCAGCTGGTCAGGCTACATATAGCAGCAACCAGTAGGTCCAAGAGCGTTTAAGTGGTTAGGTATTAATAAGATTAGTTCC
TGTATCTGGAGCTATATTTTTTCAATAATTACCAACAGTTATTGATCGCCTTAACGAAAAGATCTATTCGGGTAGTTTGGGTTCTTTGATTTGTGCTGGTAGATAGCAATG
GAACACACAGAAACTTTGGGAACTCATGGGTGAGAATTCCTAAAATTTATGAAAGTTGTTTAATTTTGTAAATCGAACTTGTGAGCCGAACATAAAGTAAAGCAGCAAAGT
AGGCATAACACTTTGACCACAGTTCGAAGCCCATCTTTATGTAGCGTTTATCATCACTTAAATGGCCACCACAGTTTAGACTTGGGTTTCTTTCATCAATCAGTTGCTGTA
CTGGAGTCAGCCATAACATAATTATGATTATTTTGCTCAAGTAGCCCTACAAGCAAAGATATCACTTTTCCAATCAAAAATAAAAAGAGCAGCTTCTGTTGGCAAATGTAA
TTTTCTTACGTATTATACCTCCATGCTCGATAGATTGATATTCGTAATAGTTATAATGGTGAAATTTAGCTAATAGCTTGTAACATTCCTACACGACCACCAAAAAATATG
CAACCTGTTTAAACTCTTGGAATTTACACAGTCGTGCTTAAATACCTTGAAGGGACTCATTCATTTTGCGTGTGAGCTTTACATATACAGTCATTTAGATCTTATAACTGG
CGTTTTCTCTGTCTCTCATATTGAACAAAAAACTACGTTGGAAGTAAGGCACCATACACAGTTTAATTACTATGTCTTTGAAAAGTGCTAGGTTTTATTAAATTTGATATC
GAAACTTTCTTTATTTCACAGAAAGCGGTAAATATGTGTAAGAGTTGCTCATAAAAAATTCAGATAATAAGCTAGCAATGAGAAAGAAAGCGAAATCTGTTTTGTCTCTTT
GAACTTGTCTACGATTTGTTAACAACCTGGTTGTTTGGAGTGTACAGGAGAGACCGTTTTTTTTCCACATTTACAAATCAATCGGCGCCCGATAATGAACTCGCCTGATCT
ATTCGCCACTCCAGATAATAACGTACAGAGGAGAGTCGACGGACCACTGCAATTGACATCCTTCAAGGCGGATTCGTATAAAAAGAGCAAACGTTTCTGTCAGGGCTGCGG
CAGCATTCAGGTATATCTGATACATGAAATTGATAATACTAAAAGGCTGATGTAGAAGATCGGAAGCTGATTCTTTTTATTTCGCAGTTAGACACCATTTCAACAAAATGC
GGCGTTCAGGAAGAAAGCGTGAGGAAACCCCTCTGTTAAAAAAP@%WGTGACTTCTGCGGTAAGATGGAAAGCTCATTAAGCTGTCAGCCAATACGAAATTCGGCCGTTCG
TTGTATTTTAGTGGTCACGATAAAGCAAATTCATTAGCCAATAGGAGGTTCAAATACCTCTACAAAAGCCACAGAAAAATCGAAAAATTTTTCTAGTCGTGTTTAATCTGC

AAAAACAATATTTGATTGGATCCATTGGTTATCAGAGCCATATTTTTTGCGGACTCGACTGCAAGGAAGAACGATGAATAAATGGATCGATTTCACCGCCTGAGAGAAGAA
ATTAGAGTTTAATTACAGAAGCGTAAACAGCGTACAAGCAGACACAGCCTCGTGTGATAGAACTACAACGCTACTGTACCGTAGAATTGTGGCTCGCGTGGAGTCAGGACT

TATGAAAACAGTCACTGCATCATAAAACC%GCAGCGATAGTTGTAGGTTTATTGAACACGATGTCGGCAGCGGCTGGCGGACCGCCCTCCGGCGGCGTAAACAGCATTACT
M s A A A G G P P S G G V N S I T

GGCCTGTCGTCAGCAACGACAGCACGCATCAACTGCTCGTTGGACGGTCCATGGGAGCCAGCGCAAGTACCTGCACTCGTCGTAATGTCTATCATGTATGGCCTAGTCACC

G L s s A T T AWR I NC S L DG ?P WU EPAOQV PALV VM S IMY G L VT

CTCTTCGCATTAGCCGGTAACGGACTTGTTTGTTACATAGTACTGGCATACCCACGTATGCGAACAGTTACGAATATGTTCATTGTGAATCTGGCCGTCGGCGACATTCTC
L F AL A GNGULVCYTI VLAY P RMU RTVTNMETIVNILAVSGUDTITL

Z—\TGGCCGTCTTCTGCATCCCCTTCTCGTTCGTTTCGAATTTTATCACCGAGCACTGGGTGTTCGGCTATTTTATGTGTATAGCAGTTGGATACTGCCAAGCTATTTCG%TA
M AV F ¢ I P F s F Vs N ¥ I TEHWUVF GY FMCTIA AVSG Y COATI s V

ATGGTGAGCGCGTATACGCTGATCGCGATATCGATGGATCGCTACCTGGCCATTATGTATCCTCTCAAGCCACGGCTAAACAGTTTGCAGGCCAGACTGATCATAGGCATC
M V s A Y T LTI ATI S MDURYULATIMY?PIL KUPIRILNS L QA AWRILTITISGTI
————
GTGTGGGCGGTGGCTCTTGTCACACCACTGCCATCAGCGTTAAGGCTAACGCTTAAGGACCATCCGGACTGTCCAGGCGAAGCTTTTCAATACTGTGCTGAAGATTGGAGT
VWAV AL VT PILZP S ALRULTTULI KD HU®PUDT CU®PSGUEA AV FIOQY CAZEDW S

TCAGCGCCCGAACTGGAGCTTTACTACTCTTACGGGTTGTTAACATTGCAGTACCTTTTGCCACTTTTGGTGCTTATCGTGACGTACGCGCGAATCGCCATCACAGTTTGG
S AP E L EL ¥ ¥ S ¥ 6L L T UL Q ¥ L L P L L VLI VT Y AIRTIM ATITV W

GGCAAGGAGATTCCAGGCGAAGCAGAACATCAACGAGACTGTCGTATGGCTCAGTCGAAACGAAAGATGGTTAAAATGATGATCTGCGTAGTATCCGTATTCTCTTTGTGT
G K E I P G E A E HOQWR D CWRMAQS KR KMVKMMTIIA ECVV S V F S L C

TGGATGCCGCTAAACGTGTATATTCTCCTGATGATGATCGACCCTGTCACCGTCAGTAACACCCCGTATGTGGGGTATGCGTATTTTTTCTGCCATTGGCTTGCTATGAGC
W M P L NV Y I L L M M I DUPV TV S N TP Y V G Y A Y F F CHWTUILAM S

CACACTTGTTATAATCCAGTCATTTATTGCTGGCTGAATGCAAACTTTCGTCAGGGCTTCACCAGGCTGTTCTGTAGCCGAGCTATGCGGGGTAGCCAACGGAAGAACACC
H T C ¥ N P V I Y C WL N ANUPFFIRQGPF T RLUFCS R AMZRSGS Q R K NT

TACACCTCTTATGTAAGCTGTAATCAGTCACAGGTACAACAGCTTCATACCATTAATGACAACAATCTCGAGTCTGTGCTACATCGTTGTAACAGCGTTCCAGATATAGCC
Yy T s y vs ¢ N Q S Q VQ QL HTINDNNTILU E S V L HRCN S V P D I A
CAGCGGCAGTTAAATAGTGCCAGTGAAGTGCTCGGAAAAGAGCTCAACGGAGCTCCGCCAGCGATGCTCGAGAAACACTGAATTATAG

Q R Q L N S A S E V L G K EL N G AP P A ML E K H *
ATTAATATAACATGGGCGGGTGGACGAGCGGGCTACTAATTCTACATATATGTTGGGCTGGTAGAAAAAAAAACACTATTCAACCGTTCTCAAGCCAAAATTAAAGCATAT
ACTTTTTATTCTAAAATTATATTATTGAAATGAAAATGCCTTCTTTCGGCCGATGATTTCGTGCCATGTTTCTGGCAACACCATAATCTGGATGAAGAATTATGGTTAGGC
GATTTTTGCATCCCTCCATCTGAACCAAATTAGCATCATGGAACAGCAATATGGATTGACATTAGGGAAATTATGCAGAGATCCAAATCGATCTACTTATGCCAGGCGGCA
GAAGCTCATAATGCACGATCTCTTTTTAATTACACCGAACGAGTGGCATCACCCTTTTTGGCGTCGCGCTAGGCTTTGCTATATAAATATTTTGTTTCTTTATTTGAATAT
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TATTATTATTATTTTAAATGATTCAAATTTAAATGATCGACTGCTTTAGAGATGAGTCGATTTTGTCGCATTTCTATAGAGCTGAGTTGAAATGCGATCGCGTAAATTCAT
GTAGCATTCAAACATCGAGCTCTCTTTATAGCTAGCTTTTTTAAAATGCTTTAAAATAGTCTGGTGGTAAATGTTTTGTTTTTCGGCTATCTCTCTCATCGCTGTTCACGA
TTTTTCGTTCTTCTTGCTCAACTTTCGCATTAATATCATCAACTTTTTCTGTAGTCTGTAAACCACCACGAAAACCATCTTTCAGATCGAAATTCCTTGAAGGAAAACGAG
AGAACCATCTTCTTCTAGCAGCTTCTTCGAATAAAGTATTTTCACTAAGAACAGCCGTAGCCAGAACTTGTACCTTTATCGTAATAAACCTGTGAAATACAGCGAATTTTT
GCAGGAATGTTTCTCATCTCCGAGAGGCTTTATCTCAAGTCTGAATGAGGGCTCTCAAATGACACCAACGCCAATATGACGTAACTCGTATTACCTGAAGTCATCTAGCAA
GAATAGTGATCAATACTTCAACTTTTTTGACAACCCAATTTATATACACATACTTAACCAGTATACGACGACTGGTATTCTCCCTCTTAGAATCACCCATAGTGAAAATAA
TTATGTGTAGCTTATATTCGTTGGCCCGTACGGACGGTATAACTAATCTTTTTCTATAAAAGTGTTGGCTAATGGATTGATGCACGACCGGAACAGCCGAATCTATTTCTC
TTTATAGTACAATTTGTGTGGGCTTCATTGACCTGTTCGCAGCCGAATGAGACCGTACTCTGGGTGTGTAGGGCACGATAATACCCATTAAACTGCTGTATCTTTGGTGCT
TGCTGTAAGAAGCTATGAAACATTATTTCAGATTTTCCATGCTCTTTTTCAAAATTCTTCCTTTTTGCGCGTTCAGGTTCTTCTTTCTTGCTCGTACTTCATTTGATGCGC
ATAATACGTCGCATTTCCCTATCTTTGCGACTTAGGTCTGCTACTGTCCGTATTGTGGTTGGTGAGATCGCCATTTGTATTATCATGCCAATCCAGAGTGAAGAACCTCGT
TTAGTTCTTATCGTTCAAGACTGTCACCATTTTCACATTATTGCTGTTCTGATTCTGCAAATTTTC

V. jacobsoni

TCCTTTATCGAGCAACAATGGTTTTCTTTCGTCTCTCGTTCATTGCTTCGATGAACCGTCGTGTAGGCTTTACCCATCAAGGAATCTACATGTCTGAACAAGTTTTCTATC
ACACATTTATCCACGCCTACTTAAAGCACATGTGACAAACGAATAATAGAGAGAAATATATAACATGCTGCGCATCGAAAGCAGATGATCGTGCTAGCCTCACTCGGTGGC

CGTCGTTTAGCACGTAACGTAATAGTTGTGAGCGATCTCAGCAAGAAAATGCATATCATCGATGCAAAGATAAACCACAGGAACGACTACTGATCTGTTCGCAATCCAGAG
GATATGTTTATGAAGGATGGTAAAACAGAGTTCACTCCTTAACAAAAATCGACTTGGATCTAAAGGCATATCTGAGAAAATCCGTTTTGATCAAGCTTGTGGGTCACAGTA
ACWi&AATCATGGATGTGATATCGCTGGTGTCATTCTTGGATGTTCGTACATAGGGTCCGCTCTTTACTAAATCACATCAAATCATGTGAAAGATGGATGTAGCATTCTT
GGAAATTCCAACACCTGACTGATACTTCCTTATGGC CACTCCCAA‘GTAAGCGATAAGC GACGTCCTGTGCAACACTGTTTGATGCATTTGTCACATGGGT CACGAAAA%;TA
AGAGGAATCATTAGCGGAGAGGCCAAACCGCTTTTACGTATCATACGCTGCCTAATATTATTGTAAAATTAATTﬁ%TCTATATCCGGCCGATCAGACAGTTGCTTCTCAGC

ACTAAACAACGCCTGTCTACGCTCGGGCTCCGAACTTGGACCACAACGTACCCCTAAGATTAGCAGGCAAATAGCAGACAGTTATGAATGAAGGATGGATACCCAGTTCAA

CTTCAACAAAATCCAGTTCAACGAAAGCATTCTGAAGTGTGGCAAATTGAAATGCGTGCACGGAGTGTTAGGCGATAAAGGTGAAGACCGGTTCA!@AATTATTCAGTTGG
TGGGTAATCGTTGCAAGGACTGCTCAGGAATACGGTCAGATTTGCGAAACCTAGGTCGACTTTTAATGACGTTCAGGCCGTGCAAAGTTACAGATCTCTCCGACATTGGCC

TGTTGGH;EAATAACGTACAGAGGAGAGTCGACGGACCACTGCAATTGACATCCTTCAAGGCGGATTCTTATAAAAAGAGCAAACGTTTCTGTCAGGGCTGCGGCAGCAT
TCAG%CGGACTCGACTGCGAGGAAGAACGATGAATAAATGGATCGATTTCACCGCCTGAGAGAAGAAATTAGAGTTTAATTACAGAAGCGTAAACAGCGTACAAGCAGACA
CAGCCTCGTGGGATAGAACTACAACGCTACTGTACCGTAGAATTGTGGCTCGCGTGGAGTCAGGACTTATGAAAACAGTCACTGCATCATAAAAC!@CACGCCGATCAGCC
GGACCGATTATTGCAACTCACAAAATCTTGGGCCAGCCGAAGGGAATCAGCTTCCACTTAGGAAA!
GTGCAGCGATAGTTGTAGGTTTATTGAACACGATGTCGGCAGCGGCTGGCGGACCGCCCTCCGGCGGCGTAAACAGCATTACTGGCCTGTCGTCAGCAACGACAGCACGCA
M S A A A G G?P P sSs G GV NS I T GUL S S A T T A R

TCAACTGCTCGTTGGACGGTCCATGGGAGCCAGCGCAAGTACCTGCACTCGTCGTAATGTCTATCATGTATGGCCTAGTCACCCTCTTCGCATTAGCCGGTAACGGACTTG
I N C¢C s L DG P WEPAOQV?PALVVM S§IMYGUL VT LV FATLA ATGNGL

TTTGTTACATAGTACTGGCATACCCACGTATGCGAACAGTTACGAATATGTTCATTGTGAATCTGGCCGTCGGCGACATTCTCATGGCCGTCTTCTGCATCCCCTTCTCGT
vc¢cy I vL AY P RMURTVTNMETIVNILA AV GGDTITLMAVTEFC CTIUZPF S

TCGTTTCGAATTTTATCACCGAGCACTGGGTGTTCGGCTATTTTATGTGTATAGCAGTTGGATACTGCCAAGCTATTTCGGTAATGGTGAGCGCGTATACGCTGATCGCGA
F v s N~ F I T E HW V F G Y F M CI AV G Y C Q A I S VMV S A Y T LI A
——
TATCGATGGATCGCTACCTGGCCATTATGTATCCTCTCAAGCCACGGCTAAACAGTTTGCAGGCCAGACTGATCATAGGCATCGTGTGGGCGGTGGCTCTTGTCACACCAC
I s M p R Y L A I MY P L K P RILN S L QAU RILTITIGTI VWAV AL VTP
——

TGCCATCAGCGTTAAGGCTAACGCTTAAGGACCATCCGGACTGTCCAGGCGAAGCTTTTCAATACTGTGCTGAAGATTGGAGTTCAGCGCCCGAACTGGAGCTTTACTACT
L P s A L RLT UL K DHUPODCU®PGUEW AU F QY CA AZEDWS S A PEL EUL Y ¥

CTTACGGGTTGTTAACATTGCAGTACCTTTTGCCACTTTTGGTGCTTATCGTGACGTACGCGCGAATCGCCATCACAGTTTGGGGCAAGGAGATTCCAGGCGAAGCAGAAC
s Y 6 L L. T L QYL L PLULVZLTIVTZYATRTIHATITUVWSGZ KT ETI?PSGTE A E

L 4
ATCAACGAGACTGTCGTATGGCTCAGTCGAAACGAAAGATGGTTAAAATGATGATCTGCGTAGTATCCGTATTCTCTTTGTGTTGGATGCCGCTAAACGTGTATATTCTCC
H Q R D CRMAQ S K RKMUVKMMTIS ECVV SV F S L CWMUZPTULNUV Y I L

TGATGATGATCGACCCTGTCACCGTCAGTAACACCCCGTATGTGGGGTATGCGTATTTTTTCTGCCATTGGCTTGCTATGAGCCACACTTGTTATAATCCAGTCATTTATT
L M M I D PV TV S NT P Y¥Y¥ V GG Y A Y F F CHWULAMSU HTCYNUPV I VY
——

GCTGGCTGAATGCAAACTTTCGTCAGGGTTTCACCAGGCTGTTCTGTAGCCGAGCTATGCGGGGTAGCCAACGGAAGAACACCTACACCTCTTATGTAAGCTGTAATCAGT
c w L N AN F R QGPF TRIL F CS RAMU RGS QU REKNT Y T S Y Vs C N Q
CACAGGTACAACAGCTTCATACCATTAATGACAACAATCTCGAGTCTGTGCTACATCGTTGTAACAGCGTTCCAGATATAGACCAGCAGCAGTTAAATAGTGCCAGTGAAG
s ¢ v 9L B TINDNNTILE S V L HRCNSsSs V P DI D Q Q QL N S A S E
TGCTCGGAAAAGAGCTCAACGGAGCTCCGCCAGCGATGCTCGAGAAACACTGAATTATAGATTAATATAACATGGGCGGGTGGACGAGCGGGCTACTAATTCTACATATAT
v L G K EL NG A P P A M L E K H *
GTTGGGCTGGTAGAAAAAAAAACACTATTCAACCGTTCTCAAGCCAAAATTAAAGCATATACTTTTTATTCTAAAATTATATTATTGAAATGAAAATGCCTTCTTTCGGCC
GATGATTTCGTGCCATGTTTCTGGCAACACCATAATCTGGATGAAGAATTATGGTTAGGCGATTTTTGCATCCCTCCATCTGAACCAAATTAGCATCATGGAACAGCAATA
TGGATTGACATTAGGGAAATTATGCAGAGATCCAAATCGATCTACTTATGCCAGGCGGCAGAAGCTCATAATGCACGATCTCTTTTTAATTACACCGAACGAGTGGCATCA
CCCTTTTTGGCGTCGCGCTAGGCTTTGCTATATAAATATTTTGTTTCTTTATTTGAATATTATTATTATTTTAAATGATTCAAATTTAAATGATCGACTGCTTTAGAGATG
AGTCGATTTTGTCGCATTTCTATAGAGCTGAGTTGAAATGCGATCGCGTAAATTCATGTAGCATTCAAACATCGAGCTCTCTTTATAGCTAGCTTTTTTAAAATGCTTTAA
AATAGTCTGGTGGTAAATGTTTTGTTTTTCGGCTATCTCTCTCATCGCTGTTCACGATTTTTCGTTTTTCTTGCTCAACTTTCGCATTAATATCATCAACTTTTTCTGTAG
TCTGTAAACCACCACGAAAACCATCTTTCAGATCGAAATTCCTTGAAGGAAAACGAGAGAACCATCTTCTTCTAGCAGCTTCTTCGAATAAAGTATTTTCACTAAGAACAG
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CCGTAGCTAGAACTTGTACCTTTATCGTAATAAACCTGTGAAATACAGCGAATTTTTGCAGGAATGTTTCTCATCTCCGAGAGGCTTTATCTCAAGTCTGAATGAGGGCTC
TCAAATGACACCAACGCCAATATGACGTAACTCGTATTACCTGAAGTCATCTAGCAAGAATAGTGATCAATACTTCAACTTTTTTGACAACCCAATTTATATACACATACT
TAACCAGTATACGACGACTGGTATTCTCCCTCTTAGAATCACCCATAGTGAAAATAATTATGTGTAGCTTATATTGGCCCGTACGGACGGTATAACTAATCTTTTTCTATA
AAAGTGTTGGCTAATGGATTGATGCACGACCGGAACAGCCGAAGCTATTTCTCTTTATAGTACAGTTTGTGTGGGCTTCATTGACCTGTTCGCAGCCGAATGAGACCATAC
TCTGGGTGTGTAGGGCACGATAATACCCATTAAACTGCTGTATCTTTGGTGCTTGCTGTAAGAAGCTATGAAACATTATTTCAGATTTTCCATGCTCTTTTTCAAAATTCT
TCCTTTTTGCGCGTTCAGGTTCTTCTTTCTTGCTCATACTTCATTTGATGCGCATAATACGTCGCATTTCCCTATCTTTGCGACTTAGGTCTGCTACTGTCCGTATTCTAT
GGGTGTGGTTGGTGAAATCGCCATTTGTATTATCATGCCAATCCAGAGTGAAGAACCTCGTTTAGTTCTTATCGTTCAAGACTGTCACCATTTTTCTTGCCATTTTCACAT
CATTGCTGTTCTGATTCTGCAAATTTTCGAATCATCATTTAAATATCTTCCTTTCGCGAGATCGTCCCAAGATAACATCTTAGAAAACATTAATAACTATGTGATCATCTA
CCAAATACCAGCAGACTTGCGACCGATGTGATCATTCACCAAAGATCAGCTACCAATCCGCATCCCGTATTGTTGATTGAGATAAAGCGGTTGTTCTTTTAAATTACTTTT
TGATGCTATAAGACGTTAGAAAGTACACTCTAGCATTTTGAATAAGCTACTAGCTGTCATAGTCTGCTCTTTTAAGCTCGACTGGCCTTGCGACGTATTTACTACCAGGCA
GTTTGTATATGCTCATGGTGGGTCCGAATTAATGGCTTCCTGTATGTGGCATGCACGTGCTATCCCTGAACCGCTAAGTTCCGCAGGAATAACCGCACGAACTGTAATGAA
CAAGCACAGCCCTGCCTGAATGACTAATGTACACCTCGTTAAATGTACTACCGTGACGATCATAAAGAATGCAATTGCGGCTGCCATTCGTTTAAATTCTGAACCAACTGG
ATCATTAAACGCCAGAGATTATGACTACAAAGGAAGCTAAAAAAGGGGCGTGAAATTTACATTAACTTACACATATTTTAATTGTGGATGAAAGGCGCCTTTTATACATTG
CGCCCACACGCACCCGGTAGGCCAGATTAAATTTCATTTAGGACAAGCTTACTGATACTCCCGTAATTATTATTCACCGAAGCCAAAAGGAAGATAATTGCAGGTTTGAGT
TTCCTAGCGTATTATACGCCTATCTTTAAAATAAGAGGTCAAGTTCACGGTTTCCGACCTTCAAGATTTTGAATATTGTGCGGCGGTAACCTTTAAGTTTTAACGTTTGAT
GGATTGGACACAGCATTGCGTATTGCTTAACATACGAATTAGGGATGAGAATGCAGTTAATCAAATGTGATGCAAATTTGTGTTTCCTATTACGTATTTATTATTTTATAT
AAATTTAAAATAATAAATACGTAACAAGCATATGGTTCCAATTTAGTAGTATTCATTGATCATTTATTTGAACGTAATGTGTGGAACTTATTTCTACTTGTGAATTCCTAA
CTGTGAGCATGTTTTTTTCGTTCACCACGGGCCAGCCACTCAAACACGGAACCGTTGTTGCTCAGAAAAATAAATAGACTGATAAAGTGGAAACAACACTTTTTGTTTCTG
CAGGTTAAGAAAAAAGCTCGGGTGACATTAGATACCAGTTAGATCATAGAGATAATAGCGAAGTTTTCTCAATAACATCATCCGCCATCCGTCTGCCGCGTGATAAACAAA
AAACGAACAAACATTCGTGACAACTAATAATACGCCCCAATGAAGACACGCCGTAAAAAAAGATGATACTGATTGGAACAGGATACAAAAAAAGCAGAAGAAGAAGACTAA
TAGTAGCTAAATTTTGATACGGAATTCGTGTTGACGACGTAAGGAAGTATATAAAGTAATAAATAAAAATAATAAGAATACATAAAAATAAATCATTTGTTGTACATATGT
ACATAAACCTATAGCGGGGGCTTCGTGTATCACGAAATTGCTATTTTGGCTAAGCAGAGGCTCAATGTTTTACTATAAAATTTTTCCATCAACAGCATGAAATCTTGAGCG
TTTCTCTAATTACATGTAAGATTAACAGCTACTGCACCCCATCGAATTAATGTATTGTCAGCTTCTATAAACGGAAGAGTTAGTTATTAACTCTTCCGTTCCTATAGGGCA
AACATTCTACCAAAGAAAGGAAAGCTAAACGTTTAAGCTGCATTATATTACGTCGTTTAATGAGAAATTTGAGTTAGTGAACTTATACTTTTCAAATTTTTTTCACAAGCT
TGTTTGATTTTCAGTCAAAATATGTACTATTCTTATAGATGGCCTTCTACCATTTAGATAGGAACTTATTTATTCTACTGTTGTTCAAATCTGAAGTATGGGAGCTTATAA
AGTGTCGAATAGCCAAAGAATTTGAATAATTTCTAATAAGAAGATGCGTGGATTTCGAAAAAATCTGGTGAATATGGTGAGTATCAGGAGGTGCTAACTGTTAAGTCCTGT
ATTTTTACTCCTTTGATTATAATCTAAGGCCGAAGGCTGTTTTACGAATAGAGTTGTACCTTTGTTCAGTAATCTTTGTTGCTTAATATGGGGTTGTCCGTCATCATCTTC
TCCAATTATTAAAGATGCACTTCAGCGAAAATCGACGAACCAAAACTCATGAAACTATATAGTTGATAACACCTGTGCTACATGATCAAATAGGCACCACTAGTTGCACCG
TTGCAGCTGTAAAAATATTTTAACGTAATGACCCGCCGGTTCGACATACTGGTATAACAGCCTGGAATTATTGTAAAAGATAAATAATTTTTCACCATGGTCACAATTTGA
TACAAGAACGGGTCACTGTTATAACAGGAGAGCAAATAGACGCCTGCTTAAAATGTATAGCACTCGTTTGTCATTTCTTTTTACTTTTTTTTAATTAGACAGAGATAAATA
AGTATAGTATTTTTA

B) Multiple sequence:

D. melanogaster MEHHNSHLLPGGSEKMYYIAHQQPMIRNEDDNYQEGYFIRPDIZASL IYINTHN ADDEGS
A. mellifera =  —————————————m—m——— WNNE TN@SLDG--—-—- €YK N -lgDD-—-—
I. scapularis = —————=————————————————————— MDSTNEHSA——————— PTATSINNWIRSOIFAS ————
T. urticae = = —mmmm e e
V. destructor NS p§CIMSSA————
V.jacobsoni NS Iy CISSA————
D. melanogaster NYGYGSTTTLSGLQFETYNITVMMNES@DDYDLLS DMWSSEYFKI - MIP I F
A. mellifera ——=———=———————— e ——————— INYFE-—SQSTIZSTNWEFRE 1§ ——INEVMS TNV
I. scapularis  ————=—————————————————- IWESAA®DL—————— PEP I=F G QAL——MYIMYIAE A
T. urticae = =  —————mm e MK -1gMLAE L——MYEMYSS CNI
V. destructor - ————————————————————— TIARIN@GS————— L WP AGMIZA T \YAYVISI T MY(ean
V.jacobsoni ~ = ———mmmmmmmmmmmm—— TIARIN@GS————— IBDEPWIND AGNAZA T \VAY VIS T M Y (€l

D. melanogaster RRTENET\VI@ERYY S TIINVISURYARNY RN SiHyx

A. mellifera ALTGNGLVCYI HSSPRM.TVTNFFIVNL‘

I. scapularis AMGGNGEVCYIVLAY] RMRTVTNMFIINL‘ GDILMARICIPEFEEVSNIN

T. urticae iGNV CH 1 Vlla YiRRVGEV TNE{F TVNLABED I LMARC I PEJEVSNE

V. destructor ALBAGNGLVCYIVLAYPRMRTVTNMFIVNLA

V.jacobsoni ALAGNGLVCYIVLAYPRMRTVTNMEIVNLA

D. melanogaster

A. mellifera PLKPRLEKFOAS

I. scapularis DRYWATIMYPLRP

T. urticae DRYIAIBYPLRP

V. destructor DRYBAIMYPLKPRLNSJLOA

V.jacobsoni DRYBAIMYPLKPRLINELOA
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D. melanogaster GEDIPMSPIHT--KCEK

A. mellifera KIEQPSTQ}K--—RCNQ

I. scapularis oWvpHE-8----- ANQT

T. urticae KVQPA-V[[VESGIT

V. destructor RLTWK DHED@----- PGEA

V.jacobsoni RLTIKDHHD@-———-— PGIHA

D. melanogaster

A. mellifera B T C L PNy L B DN
I. scapularis VERLCWgPINEY 111

T. urticae

V. destructor P GEAEER DORMAGSKRKMVKMMI[@V

V.jacobsoni P GEAEEIOR DORMAGSKRKMVKMM I[@V

D. melanogaster -EFAHDPIPN BarEimEECSNE 878 Vv sEg o GLEEW@CLRS
A. mellifera V(€S AN ENANITERS 17 1.~ S HE C YNPV I YCWMNARFRINGF INNEEHE DeUvERESN |3
I. scapularis -DN§ ‘EN FIEHWLAMS HIGY NPT Y CWMNARFRIBG FEN L INRREEE CLIRg
T. urticae ety S ST v A (8 £ YC v L AM S HINCIEN P T v CriMNR FRISG RS  RIZE iRl CReiny
V. destructor SINpwe v e v B i C H L AMSHEEC YNPV I Y CHlIN AN FREGFINAT FpEt et CERE
V.jacobsoni SH\hwe v e Y RN i C HWLAMSHEC YNPV I Y CWNANFREG RN bttt CERE
D. melanogaster DR-----—-—-- njiSGEMTHK Y HRHVGE AT FRITPKICIRNGESTSSQSNEFMIHLHE
A. mellifera RDY---------- YNARLDIP CTTYI§VRRKANEN: TA--P
I. scapularis = —=———-—=—-—=—-—-- [P GRIFRROMLRK/ EINE GA ARV | Y TTY VEVRAAGGES SITH—— -
T. urticae = =  ————————-—————-—————-— M GEIR T Kt
V. destructor e RKNTYTSYVSENOGo ool IRENEL </ s HINeN - v - - — - - — - ————— PDMIA-—-
V.jacobsoni NS RKNTYTSYVS@NORO QM TN o/ SR HINN - vV - - — - - — - ————— PD@D---
D. melanogaster QRSSKATSDIFAREPI[HREIATRAVAVISKNITDSPVRRSGSSGGTEANIRSTEF

A. mellifera ARSASFRIDSFRPMAQOMO QFEYL SHTEJOL-—--—-——-——-————— oo

I. scapularis = -—--—-- FUGNRGLKIQYNEIN T GDYE PSR}/ ———————————————————————————

T. urticae = = —--—--—- GNLGKAQAHLOE @SV E T P H— - - ————————————————————

V. destructor = -—--—-- ROLNFJAS NGEPPAIRIK ) ——————————— -~ - ———— -
V.jacobsoni = ———-—---- QLNFAS NGI\PPA WK - ——————————————————————

Figure 3.11 A) Gene structure for RYamide receptor sequence in V. destructor and V.
jacobsoni is shown. The 7 Transmembrane helixes are indicated by blue color highlighting
and underlining. B) Multiple sequence alignment of RYamide receptor from various
orthologous species across Phylum Arthropoda.
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CCHamide receptor

A) Gene structure:

V. destructor

ACGACCGTCCTCCCAGGTTGCTGACATAAATAGCCACCTATTTGGTAGCTTTCCGTATCATTTACGTTTTCGTTCAGCCTGAGCCATTCGTTCATTGGTGAGTTGCGCTCT
CCGGCTCTTTGTTTCCGGGTGATCTCCGCCGTAGCCCCAGTGGTATCACCCGGCGGAGGCAATCGTTCGCGCATCGCAGAATGCGCATGGATATGGACGAATTGTGGAACC

M R M D M D E L W N
TTACCTCGAGCGAACTTCTAGGAGATCTGCCATTCCTGGGCCAGTTATTGAGTGCAACCGGGAATGGCAGTGATACAATTCTGCCAGCAGACAACATTTCATTTACGCTCA
L T s S E L L G DL P F L GQ L L SATGNG S DTTI L P ADNTI S F T L

ACGAW;QGAGGAGTTAAGTTATATCCCACTGGGAAAGCATCTTGAGACGTACCTGGCGCCGCCTGTATTCACTCTAATCTTCGGCGTCGGACTCATCGGTAACGGAACCT
N D EE E L S Y I P L G K HUL ET Y L A P PV F T L I F GV G L I G N G T

TGATGCTGATCTTTCTCCGGAACAAAGCTATGCGAAGCGTACCAAACATCTATATCATGTCGCTATCCCTAGGAGATCTTTTCGTTATAACT!&CACTGTTCCATTCATCT
L M L T F L R NKAMW® RSV ?PNTI Y I M S L S L GD L F WV I T G T V P F I
————————
GCGCCATCTACGTACTGGACTCGTGGCCATTCGGCTTGTTTCTGTGCAAGCTGTCAGAGTTTATGAGAGATTTATCTATAGGCGTCACAGTGCTTACTCTGACGATGTTGT
¢ A I ¥y VL D S WP F GG L F L C KL S EF MU RUDUIL s I GV T VL T L T M L

CGATCGATCGTTACATCGCAATTGCTCTCCCACTTTATAAACGGAAAGGTGGCCGACACGATCGTCGAGTGACAATTGTCATCACGTGCCTTGTGTGGTTCATTGCTTCAT
s I bR Y I A I A L P L Y KR K G G R HD R RV I I V I T C L V W F I A S

TGATGGCCATACCTGGTGCTTATTTTTCCTATCTCGGGGAGGCACATCTTCCAGGTAGGCCACCCATTGTATACTGCCATCCGTTTCCACAACACATGCAACCCTGGTATC
L M A I P G A Y F 8§ Y L G E A HL P G R P P I VY CH P F P Q HM Q P W Y

CGCGTCTCATGGTGATGATGAAGTTCCTAGTTCAATACGTTATCCCGCTCATTGTAATCGCGACTTTTTACATTCTCATGTCGCGATCGCTGATCAAAACGGCAAAAAGTA
PR L MV MMIEKF L V O Y V I P L I VvV I A T F Y I L M S R S L I K T A K S

CACTCTGTGACCAAAAAAACGCGGCTGCCAAGAAACAGCAAAAGGCTCGAGTCAAJ@TAGCCAAAATATCACTGTGCTTCGTGCTAATATTTGCCGTGTGCTTTTTCCCGA
T L ¢ D Q K N A A A K K Q Q K ARV KV A K I S L CF VL I F A V C F F P

ATCATGTCGTCATGATTTGGCTCTACTTCCATCCGAATGCTCATCAGAACTACAACGATTTTTGGCATCTGTTTAAACTATTCGGGTTTGTGCTGACATTTGTGAACTCGT
N H V VM I W L Y F H PN AHQNYNDVF WHL F KL F GG F VL T F V N S

GCCTCAATCCAATTGCTCTCTATTTCGTGTCAGGCGTATTTCGTTCCTATTTCAAAGCGTACATTTGCTGCCAGCCACGTACTCGGACAGTGGTAAATAACTCGATGCTAT
¢c L N P I A L Y F VS GGV F R s Y F KAY I CCOQ?PRTIRTV V NN S ML

CCTACCGTCAATCATTGCACCCTTCTGTGCAGATCGATAGCACTTCCTTGAGGGCATCGCTAATCTCAAGACATTCCGGTCATGGCGTCTATGATCATCGAAAGAATTCAA
s Yy R Q s L.H P SV QI D s TS L RAS L I S RUHS G H G V Y D H R K N S
CACGCATTTGACAGAA

T R I ~*

CCTGGTAATCACCTTTGCCAGCTCTGGGAATTGAACCAGCGCGGCTGCACGCATCATATTCTTTTCATGGTAAACATAACGACGTAGTTTAAAAGACGCGTATTAGTCACG
CGTCTTTCTCGCTGTAACAGCAACCTATTACATGTCGCAAACATGCGGAGCTAACCACACTAGTTCCACATACAGTAAAAAAGAAAAAAACTATTTGTCCCCGTTCCCTCA
GATGCTGAAGTTTCAAATCAAGGTAATTTCTCAGTTTTTCGGTGATCTTTCATAAATTATCAGCTTTGTCATTTGAATTTAGTAATCCACTATGCTCAGCTACTTACCACT
ACTGGATAACTACAATATATGATCAAATTAAAGAAGTATTCGCAATGTTCAGTCAATATCACATAAATATATGTGGTCTTTGACTAGGGTCTCATTAGTGTTAGTAGGGTT
CCCCAGTTATTTTTATATAACCCCATAATGATTTTTAATGTCTAGTTTCAATATATTGTGCAGTTGAAAAATCTTGCGGAAATGTCCCGCACTTCCTGCAGATTTCAATCG
ACAGGAACAAAACTACATATATATATATATATATAAGCATCATATTAAAAAAATCACTCACAGATGATCTCGTTACTTACTATTCATTTATTATTCTTGTATTGTGATATC
GGTTCACTTGATAGTGAGCTTTCCCTGGACTCAAATTCGATGGGCTATTTTTAGAATCGTTCTTATTTTAGATGTCCTCTATCTTTTTCAATATGTTTCTATCTGTCTATG
TCATAATCATACGAATAAAAAGCGCCACTTAATAAGCATCTATCTGGAATAGCACACCGTATGTCACCAAAATAAAACCATTCATTACTTACTGCGTTTACTTCACAAACA
ATATTGCCCTGTAGGGCTTAGTGTCATCTCAAATAAAAAAAAATGCTTGTGAGCACTAGAATCTTGTTTAATAGAGAACACAAAAACCTATTTTCAAATGTTTAAAATGCT
TGATTCTCTTTTCTCGCTAAAACGAATCTGGGGGCCGTCTTTTGAAGCATAACACAGCAGATTGTCTTGATTCACCGCTGCGGTGAGAGCCTTCCCTGTACTCAATCACGG
AAAGCGGCCCGCATCTTCACGATTACTTCTTGTCTACACAGATAACAAAATGACTCTGAAAATAACTACAGTTTCAATAAGCTGAAGGCTTGATATTAAAAAGAAAAAAAA
ACTGTGTGTTATGTGACACATATTTGCTGTATTTGATTTGCTTGGAGCAACTTGGATGAAAACAAAGTCGCTTTTTTTAGCTACCTTTTGTCTCAACATCTCATAGAATTA
ATGCGTTATTGGTAATCGCCTTCGCTGAAGGCATGAGCGATATCACCGACACATGTTGCAATTGCAAGTCTATTGTACACCCGAAGCTTGTGCCTGATTCTGCGAATCGAG
GAAACACGTTACACGAAATGATGGCCATCATAAGAAAAACATCTAAAATTCGCCAAGTTTATCTATCTCCATAGTGATCTTGACTTAATTCGCACAAATCGTTTTGCTGTT
ATTAATAGTAGTTTTCATTTTATTGTAAGTAAATTTAACAAAAAAAAAAAGACAAGCTAGTTACTAGCATTAAATTTAATAATGCATTTCGATTCTATATATTTTTAAATG
ATTGTACATAATGGTCTGATACGCTGGTGTGGTAGAGATAATGGTCTGGCCGGGACATGACAGGCGTTTGCACGGAATTCAGCAAACTTCCTCGGACACTTTATATTTAAG
TTAGACTAGGACCCGTTTTGCACTTTTCAGAACGAGGTAGAATGTCAAATATATTATCAGCTACGGTACATATTACTAGAGCACCAGTGTTGACTGCATTACCCGACTCGA
AAAATCGTCGCGAATGCAACGTAATTTATATTCAATGTCAGTCTGTATAGCAGCTACAGCGTTTACGTATCCGAGAGAACTGAGTATGGTGTAACGCTTTGCAGGTCTGAT
CTGGACAAGCTCAGCGACATTTACGCTCACAGCCTTTCCATAAGGCAAGGACATCGCCCCATTTGTCTCAAATACAGCACCTGTTGTAGCAGCAGCAGAAAGATTCACATG
GAAAAAATAAGTAACTGTTCTGCGTAGACCTAGAGGCACACGATCGACATTGCGAGGATGCAGAAGGGACGATCGAATGACTCTTGGCAGCAAAGTAAATTTTTCTGACAG
AACCTCTGCATATAGCAGGCGATCGACGGGCCCACAATGACACACATATTTTTCGGGGCCAACAGGGAACATTATGGCAAAATACTCATTCTCAGCAGCAGAAGCAACAAC
TGGGTTATTGTCAATCGTTTGGATGCCTACCGTTTGGATAATTCATCGCGCTGAAGCTTTCTCAGACGCAACAAAGACATGTAGCAATGAAGTGGTCTCTAACGAATGTGG
ACATGGGCAAAATGGAACTCGAGCAGAACAAACAGGTACAAGAACACGTTCTTTTATGCACTGATGTTTATGCCGAATCGAGTGATGCCTACCCTTGCAAAGAGAACCCAC
TTTTTATTCAAACATAAAAATTAGAAAAGACTGCGAAGGGTGGTACATTCGATCCTACATACACATAATAACAAAAAAAAATAGCTTTCAAAGTCTACTATTAACATGACT
GGTGTACATACTAAGCATAAGTAAACGAAAAATGTGTGTCCACTTTAATAAAACCCGAGGTTTAACGGTTCGG

V. jacobsoni

ACGGTCTGCTTCTACAGGGCATGTTGTCTTGATGGTGTACGGGGGGTGAGTGACAAGGTCGCACTCAAAAGCTAACTTCCCTACCTCCCAGTGACCCCTAAAGAGCCATCC
GAAAAAATCAATCCAGGAGGGAGGGCCCTTCACTCGCAAGTGCGTGAAGACGCGCACCGTTCGAATCATAATGTACGGAGTCCAGCAGCAGTATTCCATATTGTTTCATGC
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1

TATGACTTCAGCGTTCGTCATTCGTCAATCGTCATTGCGAAGTAAAGGCTTACGAAGTTCTATCGTAGCGATGGTGAACTTAGGATi?CGTTTCTACATAAATAGGTGAAA

CAAACTCTAAGCGTGACTGGCACCGGAGGTACATAAACTAATAATTTTTCATAATGGTTCAATCGTCACGAAAATAATTTTCGACAGACCTAAAGCAACCTCGAATCGACC
AGGTCACAATGCTTCCCTTTTACTTTACTAATAATGAGCAAAGGGCCCGTACAAGGAGCAAAATGTATGCTCATTGTGATATTTAACATTATAGAGTTTACCTGCAATAAA
TCCATAGCATTGTTATGTTGTATAAGTTTAATATGTAACAGTTAAGTTTTACGTACAATATTCGTGGGCTGAAATTCGTGTGAGGTGCTCATTTAATCGACGTTTCCTAAC
GACGCTGCTTGATCAACTTAATCAGGTCCAATCTATTTGAAATATGAATTTGAACTATGGCAGCGAATGGTATGACCTACAATACGCTAAAGTTCTATGCAGGTATGTTGT
ACCCACAATCTTTCCGCGGTATCAGCTGACTAATAAATACTGTTAAAATATCCAGAGAACGTATCGCAAAAAAGGCGTTTTTCCTTACGTCCTGGAGGCACTGGGTCTATT
TTATCTGCTCACAGTAGCTATCTGGGACTGTTAAAATCACGAATGGTATGCTAGAGATAGATATGTAGACTTGCGTTTATACTGGCCGGGAGCCCACTTGTTAACGGAGTG
CTACAGTGGTTACTGCTCATATATTCCGTCATAGAAGAAAATGCGTAATAGGTAAGAAATAATAATAATAGCAATCATAGAACAACAATAATGAACGTAATTCCTCGAACG
ATCGCATACAACCCATGGCTAGTATGGATTTTTTCCTCCCAAACGAATATACCCAACCGTGATGATGACGACAAATCATTCGTACCGTTATCATGCTCCACGAAACACTGC
TGGTGGACCTCACGATGAGTTCCTACAGACACTATCATTGCAAATGAAATATGGATGTCATCAAGATCAGCTCATGAAATCACGACTGAACTGTACGCAAAGACAGTTAAC
TTATCTTTGAGCTTTTTAGGCGAACTTGCGGTGTCCATGCTACACGATCCCCGTTTGACATTCACATTCATTTATCGAATTTGCTCGAAATTTTGTTGTTATAAGCTACCT
TTATGGACTATTGTACATTTGTTTTTGTCGGTGCTATGAAATTGTACGGCTTTTGCAACCTGCCTATCAGAAAGAGTGGAGGGGTTAGTTAGTTTAACACATGATGAAATG
TTAACTCGATTTAGTGTCTAGCCAGTGGTTGGTATGGCGAAGTCAGAGGCCTACTTGAACAGCCATAACAAAAATAAGCCGCTTTTTCTACGCAATGAAGCTCGGCACAAA
CCTTTGTTGTTTCCGTTCATTAAATGTAAAGCTCCTAAGCCTTTTGTTTCAGTCAGGTGGGGTGGTCTAGTAGACAGTGCATGTGACATTGGGAAATCGGAATTTCAATAC
AGATTTGCTTTACATCTAAATGCTGATAAAAAAAAAGTGCTGTTCCTTCGTTTTTAAGTTGGCAAGCTTTAAACTGATTCTGTCACATGTATTTCCGATAGGGGTTGTTAA
TTTGAAGCTTTACAAAGTGTTAGATTTGCCAAATCCTAGGGAGATTTTCAAATACTCAGCAGTGAATAGCTCCGTTTATCAAAGTCATGCTGTCCTTTAACTAGTTGGATA
CCTTGAGAAACATTGCAACAACAACAACAACAACAACAACAACAACAACAAATGTGGCTTCAAAGAACTTCGCAACAAAGTATGTGTATTGTTACATGATCATTTCAACTT
TAGCAGCCATGCAACTCTTTTAAGCCTAAACAGTATATGCTTATTCCTAATTGGAATTAGCCATATAATACGAGTTTAATAGATGAATATGGTATACGCAAGTAAGGTGTA
ATTGTCCATTGAACAGCTCGTTATCGATCAGCGTAGAAGAAGGCTCAACTCGCCAGAAAAAAGCTCAAATTTGTTTGGGCCTCGAGTTTTTTTACTAGCTCTGACTAAAGA
GCGATATATTGCATGCTTGCATCCAGACGTGGATATCGTAACTAATGTACGTTGACCTCTTCCCGTTACAGACGACCGTCCTCCCAGGTTGCTGACATAAATAGCCACCTA
TTTGGTAGCTTCCCGTATCATTTACGTTTTCGTTCAGCCTGAGTCATTCGTTCATTGGTGAGTTGCGCTCTCCGGCTCTTTGTTTCCGGGTGATCTCCGCCGTAGCCCCAG
TGGTATCACCCGGCGGAGGCAATCGTTCGCGCATCGCAGAATGCGCATGGATATGGACGAATTGTGGAACCTTACCTCGAGCGAACTTCTAGGAGATCTGCCATTCCTGGG

M R M DM D E L W NL T S S E L L G D L P F L G

CCAGTTATTGAGTGCAACCGGGAATGGCAGTGATACAATTCTGCCAGCAGACAACATTTCATTTACGCTCAACGATGAAGAGGAGTTAAGTTATATCCCACTGGGAAAGCA
L. L s AT GNGS DT I L P A DNTI s F T L NDEE E L S Y I P L G K H
TCTTGAGACGTACCTGGCGCCGCCTGTATTCACTCTAATCTTCGGCGTCGGACTCATCGGTAACGGAACCTTGATGCTGATCTTTCTCCGGAACAAAGCTATGCGAAGCGT
L E T Y L A P PV F T L I F GV 6L I 6N G T L ML I F L RN KA AMMIZ R S V

ACCAAACATCTATATCATGTCGCTATCCCTAGGAGATCTTTTCGTTATAACTg&CACTGTTCCATTCATCTGCGCCATCTACGTACTGGACTCGTGGCCATTCGGCTTGTT
pPN~NTI Yy I M S L S L GD L FF V I T GG T Vv P F I C A I Y V L D S W P F G L F

TCTGTGCAAGCTGTCAGAGTTTATGAGAGATTTATCTATAGGCGTCACGGTGCTTACTCTGACGATGTTGTCGATCGATCGTTACATCGCAATTGCTCTCCCACTTTATAA
L ¢ K L s EF MR DL s I 6V T V L T L T M L S I DR Y I A I A L P L Y K

ACGGAAAGGTGGCCGACACGATCGTCGAGTGACAATTGTCATCACGTGCCTTGTGTGGTTCATTGCTTCATTGATGGCCATACCTGGTGCTTATTTTTCCTATCTCGGGGA
R K G G R HDU R R\M T I VI T CLV W F I A S L M AT P G A Y FE S Y L G E

GGCACATCTTCCAGGTAGGCCACCCATTGTATACTGCCATCCGTTTCCACAACACATGCAACCCTGGTATCCGCGTCTCATGGTGATGATGAAGTTCCTAGTTCAATACGT
A H L P G R P P I VY C H?P F P Q H M QP WY P R L MVMMIE K E L V O Y V
——————————
TATCCCGCTCATTGTAATCGCGACTTTTTACATTCTCATGTCGCGATCGCTGATCAAAACGGCAAAAAGTACACTCTGTGACCAAAAAAACGCGGCTGCCAAGAAACAGCA
I P L I VvV I A T F Y I L M S R S L I K T A K s T L C D Q K N A A A K K Q Q

AAAGGCTCGAGTCAAGGTAGCCAAAATATCACTGTGCTTCGTGCTAATATTTGCCGTGTGCTTTTTCCCGAATCATGTCGTCATGATTTGGCTCTACTTCCATCCGAATGC
K ARV K VA K I S L CF VL I F AV CF F PN HV VM I WL Y F HP N A

TCATCAGAACTACAACGATTTTTGGCATCTGTTTAAACTATTCGGGTTTGTGCTGACATTTGTGAACTCGTGCCTCAATCCAATTGCTCTCTATTTCGTGTCAGGCGTATT
H Q N Y N D F WH L F K L F 6 F VL T F V N S CL NP I AL Y F V S G V F

TCGTTCCTATTTCAAAGCGTACATTTGCTGCCAGCCACGTACTCGGACAGTGGTAAATAACTCGATGCTATCCTACCGTCAATCATTGCACCCTTCTGTGCAGATCGATAG
R s Yy F K A Y I ¢C CQ P R TR TV VNN S ML S Y R Q S L H P S V Q I D S

CACTTCCTTGAGGGCATCGCTAATCTCAAGACATTCCGGTCATGGCGTCTATGATCATCGAAAGAATTCAACACGCATTTGACAGAA
T S L R A S L I S R H S G H GV Y D HR K N S T R I *

GAGTCCAACCCCGAGTGGGCAAAGAGTCGTCCATTGGTCCAGGGCGCGAACTTTCTAAAAGTTAAATAACTTTGAATCATCTGCGGTGGAGGCAAAAGCCTGAATAATCTG
TTTCTACGAGTGTAATTTTGTGAGGCTGCGTGAAGATAAAGTTGTGGTATTTGTAAAAAAGTTTTGAAAATCAGTTATGAGAGGATTAATGAGTTAAGCTTGAATTTGACG
TACCGAGTACTGAGGCTGTACATATATAATCCACATCTTTATTGATACAAACATAACGCAGCTACAAAATGAAAATACGAGTGATTTATTTTGTAGAAGGTTGTACGTCCT
CTGAAAAGAATAGGTCATCCCAGTATGGGAAAACTCTGACGCAATGATGTCAGATGTGTGATAATAAAGGTGACCTTGATAAACAATTTTAGATAAATACTATAAAAATAT
TAAAAATTCATCTAAGATCATCAATTGCTCTTTATAGTTATCCCTTAATGATGTATATTCCCTATCTTATAGAGAAAAAAAAAAATAGGGTAGAGAGAAAAAGAAAGAGTT
AACGATGTGTCAAATTCAGCAGATATTAGAGGCATAAATAATCATCAGCTTACTGTACTAAGATTATTAAGCTGAGCCTTGTAATATATACGACTTGATAAAGCCTGCAGG
TCTGCAAAATATGATTATTGCAATGGTGAACGCGTTTACTTATTGACTTAACATGATGGCATCACAGCATTGACTACTTAATGAGGCTTAATGCTCAAACGTAACGACCTT
CGCTTACTCTTGTAATTTCCTCGGAACAACAGACATTCAGTGTTTATTCTATGGTTTACTTTTTTCGCCGCCATTGATCTCTTCGCATGCGTCTGCGTAGCACGCCCTTTG
TTCAACATCAGATTACATCGTAAGTAGGTAATTATGTAAAAAGGATCACAGTGCCTGATAAAACGCAAGTATCGATAGGTGAATCATGTCAGGAAGCCAATTATAGCAAGA
GCTTCACGATACGCACCATTTACAATCTGTCTAAGAACATTTATATGTCACCGTTTATCGTCTGTTAATTATTTGTTTATTACAATAGTGAGTGGTGTGATGCCACCATTT
CAACTCAATATGTCTACCTATATATGGACGTAAGTGTTTAACAACACATTTCGTTCTTCGTCTTCAACAGTTAAGCCTATCTCGTCCTAAATATGATCCTACTTTTGCTCC
ATCCCTCTTTATATACATATAGCAGGGTGAATTACTGTTAGTAGGAAGAATATGGCTATGTACATGAATTATATCCAAATCGTCACGAAAAATAATTGCACATACGATTTG
TATATTCAAGCGTAATATCGCTCCGATTAGATTGTTAATGGATGAGCTTTTGTTAGGCTAAATATAAATGAAAGCAGGTTAGATAGATAAAAAGACAAGAGTAAGAAGCTA
ATGTAGAAATTACATTGTCTTCTCCAGAGCACCGTAGGATCCTACTAAACACACTATTACATACTTGTACAACATATTAGCCATTGAGGACTTGGCACCACGATAGATCGG
CACACCATGTTCTAATAGTTACCTGGCCCAGACAATTGCAAAATAAATAAACTTGCATCTTCCGAT
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B) Multiple sequence alignment :

SSAnRD SSANEP SSOneD SSAEEP SSHEnEP SSAnRP

SSEHRP
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D. melanogaster F---@R-GA:|GARRKKRGOH-DTFCMH--RD--==—=——=————— TSLTSTA
A. mellifera C———CLﬁRS'R CRTETTDSSDRNSNRGINFNORRRVGRODTLNETS
I. scapularis F---@G-RHP-NVHARHN-S-—-——-——-—————- gg-----——-—-—-----
T. urticae CMFRCFOK-KAN-YPWFTND-[/-——————————- NG-S--——-———————-
V. destructor C-——[®0-I3a —INTIHY VNS - V- ——————————— Ig-------—-----
V. jacobsoni C———@o-Ig  -RTYVNNS - |—-——————————— gg----—-—-—--—-

Figure 3.12 A) Gene structure for CCHamide receptor sequence in V. destructor and V.
jacobsoni is shown. The 7 Transmembrane helixes are indicated by blue color highlighting
and underlining. B) Multiple sequence alignment of CCHamide receptor from various
orthologous species across Phylum Arthropoda.
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SIFamide receptor
A) V. destructor
Gene structure:

TGTTGCACGTTGATGGAGTATCAGCTCCGAGCGAGCTCGTCGATGTTGTAGAATGAACGGCACGCTAACATTGGTGGACCTGACGAACGTGAGCTCGGAAGACTCGCGGGL
M N G T L T L V D L T NV S S E D S R A
TTTGACAGTGTCCAAAACTGATCCTGGACTAGATTTAATTTATCGCTATGATGTGGATATCAGCGTACTGTTGGTCATTGGCTATTTATCGGTGTTCATTGTAGGTCTTGT
L T v s K T™OD P G L D L I Y R Y D VDI sSs VL L VI 66 Y L S V F I V G L V

GGGCAATTCCTGCGTGATTTGGGTGGTGGCTCGAACTCCGCGTATGCGAACAGTGACTAATTACTTAATCGTCAATCTCGCCTTTATTGATATCGTGGTTTTACTGGTTTG
6 N s ¢ VI WV VARTU®PZRMU®RTV TNJ YL I VN LAV F I DI V VL L V C

TGTACCGTCAAACCTTCTATCAAATCTCATACAACCATGGGTGCTTGGTGTCGCTATGTGCAAGTTGACGTCGTTCTTGCAAGCTGTCACAGTTTCAGCGTCGATACAGAC
v P S N L L s NL I Q PWVL GVAMTZCI KT TLT s F L QAV T V S A S I QT

GCTTGTCATTATATCTGTTGATCé&TGTGTTGCCATCTGCTCGACGTCGTTGTCACAGCAGATCATTGCGCAATATCGAGTTCGCAGCGTGATCACACTCATATGGACATT
L v I I s v DU RCVATICsSsS TS L s Q 0 I I A QY R VMR S VI T L I W T F

TTCATTACTGCTTATGAGTCCGATCGCCATTTACCAGGATCTAGTGCAAGCTACCCCAGATGTCCCCTGGCACAACTGCGTGGACAATTATCCAACACAé%AATTTCGAGT
s L. L. L M s p I A I ¥ Q0 D L V QAT ©PDV P WHNCV DNY P T Q K F R V

AGTGTTCAACACCGTAGCGTTATTTGCGTGTTGTTACGTCGTTCCACTTGTTGTTATTACAGGAACATACATCCTAATATTTGTTACTGTGTGGAAGCGCTCAATACCTGG
v F N T ¥V A L F A CC Y Vv Vv P L V Vv I T G T Y I L I FE Vv T v W K R S I P G

GGAGTGCCTCAACAAGACATATACAGCGCAGTACGGTGGCAACCGGACGATGGCTCAGCGCTCGAAGCTCAAgETGGTCAAGATGATGGTATGTGTTGTGTCGACATTTTT
E ¢C L N K T Y T A QY G GGNURTMAOQI R S KL K VV KMMWWC V V S T F F

TGTTTCCTGGGCTCCGCTCTACCTGGTTCATGGCTACATCCTTTTCTATGGTTATCCTGAAAATAATGAACAGATGGCCGCCTTTCTACAATTGGTGCTTCCGATCTCACA
v s w A P L Y L VH G Y I L F Y G Y P ENNUEOQMAA AU F L QL V L P I S 0
—
GTGGTTGGGGATGACTAACTCTTGTATCAACCCAATATTTTACGCGTATTTCAATCAAAGGTTTCGACATGGTTTTGCCGTTATCCTTGGACGGAGAGACCGTTCCCAAGG
w L 6 M TN S C I N P I F Y A Y F N QR F RHG F AUV I L G R R DR S Q G

TTTTCGAGATCAGCGGACCCGGCAGCATAAATGGACAATGCCAAACGCTTCGCATGCAGCCGTACCTGGCGACGATGATGAGTTGATTAATCCGGACCTTGTAGCGATACG

F R D Q R TR QHKW T M PN ASHA AW AV P G DD DE L I NP D L V A I R
AATTGAGACAAGCTTCTAAAACAATGGTAGAAGCTTACGGAACCCGCTTGGGCTAGGCGGGGTACGATTATAGCAGACGATAGTGGCGGCGACTCGTCATCTGCTCAT

I E T S F *
CACAACAATCATACGATGGTCGTGGCGCGACAGACACCTTTGGTGCGACATGGAGCCAACTATGGGCAACGTTGACTATGCGGAAATAACGAATTGGCGAAACAAACGGCG
ATCTACGATATTTTGAGTAATACTGCACTAAGTGGAACAGGTGCAGTTTACGCTGAGCATCTGCTCACCTAACGATAATCTAATGATGTCTTGATGAGCCAATCCAATTGC
TGTTTATTAATGAGTCTATAATATTATTGTTATATAACAGCACACCGCCGATAGATCTCGGTTGCGTAGTATGTCAGGTAAGCATAGAAGCAACGATTATGTTTTTGGGAA
ATGCGAATTATATGCGCTGGCCGCGATGATACTTCCTTTTTTGTCAGAGCATTGCGTCTTTCATTGTTCATTGAGTTGCATAGAGTGTTATATATGGTAAATGTAAAGCGG
AAGTACGACTTTCTGATTTGTTTAGGGGGCGATACAAATCGGACGTTATTGAACAAACGTGACAAAATTTCACTCATCTCTGAGTGGCACAGAAAGATTTACTAACCTAAT
GACCTGAAGGATCGGAGCACCGCAGACAGCATAATTTGACGTGTTGCAACTTCACAGAATGATTCTATTATCTAACGGTTAATGTAGCGCGGTCCTTGGGGGTCCGCTAGA
TTTCGTGCATCCTACATATTTTTGGAGACCGGCATCTTAGTTAAATAATACGTATGTTCTCGATAGAAACAATGTTTAGAACTGCATCGTAAAGGAACTTGTAAACCAATG
TTGGTAAAGGTAAATATGATCGGACCTGGTAATCCACCGAAACTTAACTACGGCGTGATACTTAGAGGTCGCTAGTATATGATTATCATGATGCATTAAAGTTAGAACTGG
CAATAATGCGTTTTCAAGATTATAGCTTATAACTTCTGCCATTGTTGGGTGCACATATCTGCAAAAGTTGTCTGTGTCACTTCGTGCATGCATCGGTTATTAGTAAAGTAC
TTTGGTATTGGAAGTAAGTGTTAACTGACATGTGAAAACTTTGTAAACTCATTCATTTTTCATAACAAGTTTATCTGAGTGATGAGAAGTAAGAAAAAAGGTATACATCTA
CAATGGATATTAGAAGTATTAATAAGGAAACATTACACAGGGTTCTGAAAAATGAAGCGCAAGCGCACTGAAGAAATTTCTAGTTAATGTACAATTAGTTAGAGGATTGTA
ATCATCACCACTAGGCGTAATTCGTGGTGCACAGCTTATAAATTAACTAAATGGGCATTTTGAGCTTTATGTTCGGTAGCGCCTTTAACTATGAGTTAACTAATGGACATC
TAGAAATGACAAGAATGTATTATAACTTCTGTTATTAAACTCCTCAAATACTCCTTGTATACATGTAAGTTTTAACTTCATCAAACGTCTGCGGAAAGCGTCAGATAAATC
TGGATACTTTTTTAATCTGAATTTCCTCTATGTATAATGGCCCAAATAGCAATCTCTATATTAGAGAGAGCCAAACCTTTCTAGAATTAATCCACACAGTTGTTATAGCTT
GGTAGGAGAGTCCTATTCGATTAACGGGCTAAAAGTATAGTTTTATTGGAAACCCTTGCGAAAGAAGCATCGTAGGTAAAATCATAAAAGCTTTCTGTCGTGCGAAATCCA
CGACCTACGAGGCTGCCACTTGCTCGCATACCCGTTTAGAATCCGAGGAGGTTTGTTATGCACAAGCTGAAAAATCTACTAAACAAAAATGACGATTTAAGAGACGATCCA
AAAAAATGTGCGAAAAAGGCATAAAAGAGCTTACCTGATTATGTTATGTTGATATTTAGATTTGGAGTTCAATTCCTCCGCGATTCGTAGAAACTAGAATGTTGTTCAGTT
AATGTCGACCTCAGACACATGCCTAATATCATCTAAATTTAACAGATGCCTTTTGATAATCTTGAGGTAAAGGACCCTTTGTTACTATGTTTTTTTAAGCATTGGTAAGTG
TCAAACGTTCGGCCTTCCAGAGAAAAAAATCGCTGAAGTTAATGCAGAAGTCAGTCAAATGAACAGCTGTTGATTCGTCCGCTTAATTCAATCTAGTTGCGAGATCGTGGA
CCAACGCTGTATCGCAGGAAAATCGCATGCTTTCCAAGAAAAATGGTTCGAAAAAGCCATTCACTTAACATCTCACTTTCTCATTACTTATATATATATATATATATATAT
ATATATACATTATTTTTCTAAGGACAAGGGATGTAGTATCCAGGGGTCAAAATTAAACAAGAGGTACGTGCCCAAACTAGACGCCAACGTGCTCCACCCGCTTATGGCCGT
AATCAAGATGTGTCTTTTTTGCTAATCTAAAAAAGCGATTATAAACAAAGCTTTTACGCGCGGTTTCAGTGAAGAACCAATACTATTATTAGGCTAGCTATGGCTGCATCG
AATGGGTCTGCTGGAATAATAAACGAAACTGTAGGCACTTCTCATTTAGAATGAAATATATGATTGTGTGAATTATTTGCGCGTCGACTGCTTTGCGTTTAGCTGATGCAT
CCTGTAGATTTGAATTGTTCTACATGAGTGTTCCTAAATGACGTACAGAAAAGTCAATCACTGCTGAACACTGCTGCGTCGTTCTTTGTGTGAGACAAGCGGGACTGACCT
GTAAATCCAATTTCTAAAATAGAGTATAGATCCCTGAAGAAGATTCTCTTTTTTTTTTAATTGACTATTGCTCATGGTGGTATTTAAGGTGCGTTTTAGGGTGTGCTGTTG
ATTACGAGTGTCCTTGAGATTATATTTAGCAGTATAAACTATAAGGAGCAATAAA

V. jacobsoni

Gene structure:
AGAACCATCACTTCACAACATTTTTGATAGGTTGGCTGTTCCGCTGACCAAAAGCAAACGTTTTGTGGTTAAATATATCTGAAACAAGTGAATCCTTTGTACATGCTCGAT
ATAGACCAGTGACTCCTGTGAAAAAAAAAGGATACTGAAACAGCAGTGTGAAAAGATGGAGGTCGACGGCCATACCATTAGCTGGAGAGGCAAAGCTGAAAGGAAAGATGT
GACCTGCACGATGAAACGCCAACCAAAGACCACCATTACTAGACAATATTTCATTTCGACTGTGTGAAAAATTCACTATATACGTTGTTCGTTGTTTCTATCCTTGCATTC
TAAGTGGCTGGGAAAGCGTGAGTAGTTATGATAACTTGTTATTCCATTGATAAGATATTTGTTTACTGTTGCACGTTGATGGAGTGTCAGCTCCGAGCGAGCTCGTCGATG
TTGTAGAATGAACGGCACGCTAACATTGGTGGACCTGACGAACGTGAGCTCGGAAGACTCGCGGGCTTTGACAGTGTCCAAAACTGATCCTGGACTAGATTTAATTTATCG
M N GG T L T L V DL TNV S S E D SR AUL TV S K T D P G L DL I Y R
CTATGATGTGGATATCAGCGTACTGTTGGTCATTGGCTATCTATCGGTGTTCATTGTAGGTCTTGTGGGCAATTCCTGCGTGATTTGGGTGGTGGCTCGAACTCCGCGTAT
Y D VvV D I s v. L v I 6 ¥ L § v F I Vv 6 L VvV 6 N S €C V I W V V A R T P R M
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GCGAACAGTGACTAATTACTTAATCGTCAATCTCGCCTTTATTGATATCGTGGTTTTACTGGTTTGTGTACCGTCAAACCTTCTATCAAATCTCATACAACCATGGGTGCT
R T v T N YEASTVARNIEI S DIV VGGG VBISINENE S N L I 0 P W v L

TGGTGTCGCTATGTGCAAGTTGACGTCGTTCTTGCAAGCTGTCACAGTTTCAGCGTCGATACAGACGCTTGTCATTATATCTGTTGATCngGTGTTGCCATCTGCTCGAC
GV AMECEKTLT s F EIONAIVINEVSEANSINONTILVININISIVE 0 R C V A I C 5 T

GTCGTTGTCACAGCAGATCATTGCGCAATATCGAGTTCGCAGCGTGATCACACTCATATGGACATTTTCATTACTGCTTATGAGTCCGATCGCCATTTACCAGGATCTAGT
s T.s o0 I I a0 v R IRISIVIENTNENENENTNENSIENINEEISIENIANTIYNG o LoV

GCAAGCTACCCCAGATGTCCCCTGGCACAACTGCGTGGACAATTATCCAACACA&QUHTTCGAGTAGTGTTCAACACCGTAGCGTTATTTGCGTGTTGTTACGTCGTTCC
Q A T P DV P W HNC V DN Y P T Q K F R V V F N T

ACTTGTTGTTATTACAGGAACATACATCCTAATATTTGTTACTGTGTGGAAGCGCTCAATACCTGGGGAGTGCCTCAACAAGACATATACAGCGCAGTACGGTGGCAACCG
v T vw K R S I P G E C L N K T Y T A Q Y G G N R

GACGATGGCTCAGCGCTCGAAGCTCAA!@TGGTCAAGATGATGGTATGTGTTGTGTCGACATTTTTTGTTTCCTGGGCTCCGCTCTACCTGGTTCATGGCTACATCCTTTT
T M A Q R S K L K V V K M M

CTATGGTTATCCTGAAAATAATGAACA!ATGGCCGCCTTTCTACAATTGGTGCTTCCGATCTCACAGTGGTTGGGGATGACTAACTCTTGTATCAACCCAATATTTTACGC
Yy G Yy pP ENNEOQMAAVFUL QL V L P

GTATTTCAATCAAAéﬁTTCGACATGGTTTTGCCGTTATCCTTGGACGGAGAGACCGTTCCCAAGGTTTTCGAGATCAGCGGACCCGGCAGCATAAATGGACAATGCCAAA
Q R F R H G F A V I L. G RURDU RS QG F RDOQUR TR QHZK W T M P N
—
CGCTTCGCATGCAGCCGTACCTGGCGACGATGATGAGTTGATTAATCCGGACCTTGTAGCGATACGAATTGAGACAAGCTTCTAAAACAATGGTAGAAGCTTACGGAACCC
A S HAAV P GDDDETLTIN®PDI LV ATIURTIET S F *
GCTTGGGCTAGGCGGGGTACGATTATAGCAGACGATAGTGGCGGCGACTCGTCATCTGCTCATCACAACAATCATACGATGGTCGTGGCGCGACAGACACCTTTGGTGCGA
CATGGAGCCAACTGTGGGCAACGTTGACTATGCCGAAATAACGAATTGGCGAAACAAACGGCGATCTACGATATTTTGAGTAATACTGCACTAAGTGGAACAGGTGCAGTT
TACGCTGAGCATCTGCTCACCTAACGATAATCTAATGATGTCTTGATGAGCCAATCCAATTGCTGTTTATTAATGAGTCTATAATATTATTGTTATATAACAGCACACCGC
CGATAGATCTCGGTTGCGTAGTATGTCAGGTAAGCATAGAAGCAACGATTATGTTTTTGGGAAATGCGAATTATATGCGCTGGCCGCGATGATACTTCTTTTTTTGTCAGA
GCATTGCGTCTTTCATTGTTCATTGAGTTGCATAGAGTGTTATATATGGTAAATGTAAAGCGGAAGTACGACTTTCTGATTTGTTTAGGGGGCGATACAAATCGGACGTTA
TTGAACAAACGTGACAAAATTTCACTCATCTCTGAGTGGCACAGAAAGATTTACTAACCTAATGACCTGAAGGATCGGAGCACCGCAGACAGCATAATTTGACGTGTTGCA
ACTTCACAGAATGATTCTATTATCTAACGGTTAATGTAGCGCGGTCCTTGGGGGTCCGCTAGATTTCGTGCATCCTACATATTTTTGGAGACCGGCATCTTAGTTAAATAA
TACGTATGTTCTCGATAGAAACAATGTTTAGAACTGCATCGTAAAGGAACTTGTAAACCAATGTTGGTAAAGGTAAATATGATCGGACCTGGTAATCCGCCGAAACTTAAC
TACGGCGTGATACTTAGAGGTCGCTAGTATATGATTATCATGATGCATTAAAGTTAGAACTGGCAATAATGCGTTTTCAAGATTATAGCTTATAACTTCTGCCATTGTTGG
GTGCACATATCTGCAAAAGTTGTCTGTGTCACTTCGTGCATGCATCGGTTAGTTATTAGAAGTATTAATAAGGAAACATTACACAGGGTTCTGAAAAATGAAGCGCACTGA
AGAAATTTCTAGTTAATGTACAATTAGTTAGAGGATTGTAATCATCACCACTAGGCGTAATTCGTGGTGCACAGCTTATAAATTAACTAAATGGGCATTTTGAGCTTTATG
TTCGGTAGCGCCTTTAACTATGAGTTAACTAATGGACATCTAGAAATGACAAGAATGTATTATAACTTCTGTTATTAAACTCCTCAAATACTCCTTGTATACATGTAAGTT
TTAACTTCATCAAACGTCTGCGGAAAGCGTCAGATAAATCTGGATACTTTTTTAATCTGAATTTCCTCTATGTATAATGGCCCAAATAGCAATCTCTATGTTAGAGAGAGC
CAAACCTTTCTAGAATTAATCCACACAGTTGTTATAGCTTGGTAGGAGAGTCCTATTCGATTAACGGGCTAAAAGTACAGTTTTATTGGAAACCCTTGCGAAAGAAGCATC
GTAGGTAAAATCATAAAAGCTTTCTGTCGTGCGAAATCCACGACCTACGAGGCTGCCACTTGCTCGCATACCCGTTTAGAATCCGAGGAGGTTTGTTATGCACAAGCTGAG
AAATCTACTAAACAAAAATGACGATTTAAGAGACGATCCAAAAAAATGTGCGAAAAAGGCATAAAAGAGCTTACCTGATTATGTTATGTTGATATTTAGATTTGGAGTTCA
ATTCCTCCGCGATTCGTAGAAACTAGAATGTTGTTCAGTTAATGTCGACCTCAGACACATGCCTAATATCATCTAAATTTAACAGATGCCTTTTGATAATCTTGAGGTAAA
GGACCCTTTGTTACTATGTTTTTTTAAGCATTGGTGAGTGTCAAACGTTCGGCCTTCCAGAGAAAAAAATCGCTGAAGTTAATGCAGAAGTCAGTCAAATGAACAGCTGTT
GATTCGTCCGCTTAATTCAATCTAGTTGCGAGATCGTGGACCAACGCTGTATCGCAGGAAAATCGCATGCTTTCCAAGAAAAATGGTTCGAAAAAGCCATTCACTTAACAT
CTCACTTTCTCATTACTTATATATATATATATATACATTATTTTTCTAAGGACAAGGGATGTAGTATCCAGGGGTCAAAATTAAACAAGAGGTACGTGCCCAAACTAGACG
CCAACGTGCTCCACCCGCTTATGGCCGTAATCAAGATGTGTCTTTTTTGCTAATCTAAAAAAGCGATTATAAACAAAGCTTTTACGCGCGGTTTCAGTGAAGAACCAATAC
TATTATTAGGCTAGCTATGGCTGCATCGAATGGGTCTGCTGGAATAATAAACGAAACTGTAGGCACTTCTCATTTAGAATGAAATATATGATTGTGTGAATTATTTGCGCG
TCGACTGCTTTGCGTTTAGCTGATGCATCCTGTAGATTTGAATTGTTCTACATGAGTGTTCCTAAATGACGTACAGAAAAGTCAATCACTGCTGAACACTGCTGCGTCGTT
CTTTGTGTGAGACAAGCAGGACTGACCTGTAAATCCAATTTCTAAAATAGAGTATAGATCCCTGAAGAAGATTCTCTTTTTTTTTTAATTGACTATTGCTCATGGTGGTAT
TTAAGGTGCGTTTTAGGGTGTGCTGTTGATTACGAGTGTCCTTGAGATTATATTTAGCAGTATAAACTATAAGGAGCAATAAACCTTCCTGTTTTGAAGACAC
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B) Multiple sequence alignment:

SSAn»P

SSAnEP

SSAn»P

SSEHEP SSAn»P

SSAEEP

SSOEeD

melanogaster MMAASGRIRKRKHKSHTSGDVPSTTTSVPMPIPTMAPGKMVAETMEEAAALAGDYNNETH
mellifera MLQP--—————— == —————— PSPLLEMASLRL--=-——=—————— PDSEEFD-
SCapularis  —m e
Urticae = @ =
AeSEIUCEOr = e e
Jacobsoni @ mmm e

melanogaster NEVDLONLLSEFNELNGTSGSGGTAVSSLGSSSAIKLNNSIITD! LIMGTVLTTATATVAPA

mellifera --VDPRR-—--=————— RSNNGN-—--—--- GPATTUSAVPPINTVSHI - ———————— QMRNE
scapularis  ———————————————————————————————— MURTRPPIRMLG: Si————————— LNADN
urticae = = @ o —mmm e
AdesStructor @ —————
FacobsoNnl = m e m e

melanogaster
mellifera
scapularis
urticae
destructor
jacobsoni

NGSLAGKSLATIADATSSTYYSNIL BIPATTSLISAAAATKSYN
PGS-RGPGMDEHEGASSA----LIMNASKGAAAAANLTAG--———

melanogaster
mellifera
scapularis
urticae
destructor
jacobsoni

melanogaster
mellifera
scapularis
urticae
destructor
jacobsoni

melanogaster
mellifera
scapularis
urticae
destructor AQY
jacobsoni IINOMR

melanogaster VSAYSQ —MEOIRVINEPGTDGN
mellifera  —----- iR PRDET
scapularis  —----- GIS W%DETSST
urticae = ———-- HSEM SIADELSE

destructor  ----- PTQ FRV
jacobsoni  ———-- PTQ FRV
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D. melanogaster E ——————— SKD RMQQ IF FES--0ISQ
A. mellifera = [H-——-——-- TKD RIQ@) TEps LE-———-rEQ
I. scapularis - SKHT IM Q TEps LDSP)N=GS
T. urticae EKGIKTGKNLNT@ﬂ LyuMe IF LeleV TININS
V. destructor IHC LN Y TAQYEGNRTIMAS) HEYMLEYEYIIHNNE
V. jacobsoni IMCLNIQNY TAQY EGNRTIUAW HEYMLEY[EY)IANNE
D. melanogaster S R YDNWV/AT
A. mellifera YET\/AM
I. scapularis TPIAQWLGASNSCINPILYAYFNQK S NEPS————
T. urticae I TPIAQWLGASNSCINPILYA.FHKK K] ESSHST
V. destructor QU NY T (@) /I P TRIOWLGINEINSCINPT)I@3YAY FN[@) GRINDRSQEFIRDOR————
V. jacobsoni QIR T (@) /I TRIOWLGINEINSCINPT)I@YAY FN[@) IRFGRINDRSQ EFIDOR————

Figure 3.13 A) Gene structure for SIFamide receptor sequence in V. destructor and V. jacobsoni is
shown. The 7 Transmembrane helixes are indicated by blue color highlighting and underlining. B)
Multiple sequence alignment of SIFamide receptor from various orthologous species across Phylum
Arthropoda.
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Neuropeptide F receptor
A) Gene structure:

V. destructor

TTGGCACGATGCTGGTGGAAATTTTAATTGAATAAAACGCAAAAAAAACGTTGGTGTTACTATTTTGTAGTGCGGTGCGACTGAATTAGAAAAAATGCGACGACGCCGTTA
TTCTGTTGTAGCCAAAGTTCCAAACACAGATATCGATTCCGAGACTGAAGACTGAAGTAAGCACTCGCAAGAAAATAATTCAACGCCAGTGAACTTAGAAGTTCTCAAGTA
ATTGTGGCTGTGCGTAACTAAAATAGTTTTATAGGTTTGGTAGTGGCAACTAGTTTAGATGGAGCTTAATTTGTGATATGTTGACCATGCGATTGCAGAGAACGAAGAAGG

CCATCACGTGAGCACCATGTGAGACAACGCGGACTTAAACTTTGTTAACTTAATCAGGCCGCAACTGAAAAT!&CGAACATGACAACCATGAAGCTCGTTGACGTCGTGAC
M ANM T TMZK L V D V V T

GTCGGTGACGCCGGCGACGGCAGCCTTCAATACAACAGAGAACCTGACTACAGAGGAAATCATGCAGCGACTTGAACAAATGATGGATATTCGAGCTATCGACGAAAATTG
s v T p A T A A F N T T ENL T T EE I M Q R L E QMM D I R A I D E N W

GCTTATCGGTTTATTGCTCGTCTACTCATTACTCATTATGACGGGTGCTCTTGGAAACGGACTAGTATGTTTAGCCGTCGCCCGTAAGCCAGCGATGCGGACTGCACGGAA
L1 G L VAN S G AN G GG VMCIENANY A R K F A M R T A R N

TATTTACATTATCAACTTGGCGATCAGCGACCTCATTTTGTGCTTATTTACTATGCCATTTTCGCTTGTTGAAATCGTCCTGAAATTTTGGCCACTCGGATTAGTTACCTG
I ERET N A S DI S NG E N EENS BN VIE 1 v L k £ W F L G L V T C
Y 1 I N L AT SDLILCLFTMPEFSLVE

CAAACTCGTCGCTGGCCTCGAAGCAACCTCGATTTTTGTATCAACGATCTCAATAATGGCTATTGCAATTGACCGCTACAAAGTGATCCTCTACCCGACGCGGGAGACGTT
K UL VAAN GG BN A TS ST VNS SIS M AMEAENE R Y K vV I L Y P T R E T F
L v A GLEATSIFVSTISIMALRTID

CAATCCACTTAGTGGCTTTTTTATGGTAGCCACCATATGGATGATTGCCCTGCTTCTTGCGACCCCACTGTTCATCTATAAAACGGTGTTTACTCATGAGGTGCCGCAGAA
NP L GANGHNEEN AT AL N A B EENENY K T v F T H E V P O K

GTTTTTATTATTGCAGGTTGGCCTTCAAGCAAAAGTCGATTATTGCGTCGAGCATTGGCCGCACAATAAAGGACGGTTGTTTTTTTATTCGCTATTTACTATGGTTCTACA
F L L L Q V 6L QA K VDY CV EHWUPHNI KGIRLF F Y s L
———
GTACATGCTACCCATCGGCATTGTATCTGCGGCTTACGCTTCGATCTGTCGAAAATTACGGGACCGGATGATGGCCAGAGGGGGCTGTCAAGCTCAACTCGAAGAAAAGTT
K L R D RMMA ARG GG GTCOQAOQULE E K L
e ——
GCTTCGCGAACGGCAACGAGTTCAACGAACGAACAAACTACTAGTCGCCATTACCGTCGTCTTCATTCTAAGTTGGCTACCACTCAATATTCTCAACACTTGGTTCGACTA
L R ER QR V0 R TN KIENEVIANENTENTNES TP T BT r oo v
e ——
TTTTGAGACACAGGATAGCAAACTCGACGTGCAATTTCGGGTCATGTTTGCCTTCTGTCACATGTGTGGAATGAGCTCGGCCTGTACTAACCCATTTCTATATGGCTGGCT
F ET QD s K L D v o FIRINIMIENEIENCIENMICHNCIMISISNANCHTINIENENENY ¢ v L
T ——
AAACGACAACTTTCGCAAGGAATTCCAAGAGATTCTCTCCGGGTGCTTCCCACAGTTCGTTGCAAGATTTACCTCTCGCCAGGATACGATCAACGAGTCTCGACTACCTTC
N D N F R KEF Q E I L S G CVF P QF V AR F TS R QDT TINZE S R L P S
GATGCATCCCGCTGTTAGAACAATTGCTGGAAACGAAATGATACAGCTTCGTGCTTATGAAAGTCCTCCGTCATAGATATACATTAATAATCTARATGTTGTTTAAATTAA
M H P AV R T TIAGNUEMTIOQQTLIRAYE S P P s *
AGGGGAGTGAGAAGAAAGCAGGCACAGTAGTACGTTAGATTTCCTACCAATTCCATTTCTACTATTGCTATGAAGAGGTATAGAAAAAAAAAAAAAAAAAAAAAAAAGTGT
TCGTTTAACTACTAATGGCAG

V. jacobsoni

TCAAGCTAGGCTGGTCATTACGGTAGGAAAAGGTCTGAAACCAGCGGGCTTGGCACGATGCTGGTGGAAATTTTAATTGAATAAAACGCAAAARAAAACGTTGGTGTTACTA

TTTTGTAGTGCGGTGCGACTGAATTAGAAAAAATGCGACGACGCCGTTATTCTGTTGTAGCCAAAGTTCCAAACACAGATATCGATTCCGAGACTGAAGACTGAAAGAACG
AAGAAGGCCATCACGTGAGCACCATGTGAGACAACGCGGACTTAAACTTTGTTAACTTAATCAGGCCGCAACTGAAAATGGCGAACATGACAACCATGAAGCTCGTTGACG
M A N M T T M K L V D
TCGTGACGTCGGTGACGCCGGCGACGGCAGCCTTCAATACAACAGAGAACCTGACTACTGAGGAAATCATGCAGCGACTTGAACAAATGATGGATATTCGAGCTATCGATG
v v T S Vv T P AT AAPFF NT T ENL T T EE I M Q R L E Q M M D I R A I D
AAAATTGGCTTATCGGTTTATTGCTCGTCTACTCATTACTCATTATGACGGGTGCTCTTGGAAACGGACTAGTATGTTTAGCCGTCGCCCGTAAGCCAGCGATGCGGACTG
EN oW LI G DS T G AN G CIN GG VCILNANY A R K P A M R T
S —
CACGGAATATTTACATTATCAACTTGGCGATCAGCGACCTCATTTTGTGCTTATTTACTATGCCATTTTCGCTTGTTGAAATCGTCCTGAAATTTTGGCCGCTCGGATTAG
A RN DTN NS DT G E B ESIENY E 1 vV L K F W P L G L
I Yy I T NL 8T $DDTLCLFTMPEPFSTY
TTACCTGCAAACTCGTCGCTGGCCTCGAAGCAACCTCGATTTTTGTATCAACGATCTCAATAATGGCTATTGCAATTGACCGCTACAAAGTGATCCTCTACCCGACGCGGG
v T C KONEIVANANGHNGINE AT ST E VIS T TS INTANEANT D R Y K vV I L Y P T R
I
AGACGTTCAATCCACTTAGTGGCTTTTTTATGGTAGCCACCATATGGATGATTGCCCTGCTTCTTGCGACCCCACTGTTCATCTATAAAACGGTGTTTACTCATGAGGTGC
BT P N P ENSHGNENIERE AT ST GG LA TBMEE Y K T V P T B £V

CGCAGAAGTTTTTATTATTGCAGGTTGGCCTTCAAGCAAAAGTCGATTATTGCGTCGAGCATTGGCCGCACAATAAAGGAO&ﬁTTTTTTATTCGCTATTTACTATGGTTC
P O K F L L.L Q V G L Q A KV DY CV EHW P HNK G R F F Y S
————————
TACAGTACATGCTACCCATCGGCATTGTATCTGCGGCTTACGCTTCGATCTGTCGAAAATTACGGGACCGGATGATGGCCAGAGGGGGCTGTCAAGCTCAACTCGAAGAAA
R K L R D RMMAIRGS G C QA Q L E E

AGTTGCTTCGCGAACGGCAACGAGTTCAACGAACGAACAAACTACTAGTCGCCATTACCGTCGTCTTCATTCTAAGTTGGCTACCACTCAATATTCTCAACACTTGGTTCG
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K L LR ER QR V QR TN KILIL WV AI TV V F I L S W L P L NI L N T W F

ACTATTTTGAGACACAGGATAGCAAACTCGACGTGCAATTTCgbGTCATGTTTGCCTTCTGTCACATGTGTGGAATGAGCTCGGCCTGTACTAACCCATTTCTATATGGCT
D vy r E T D s K L DV Q F RVMFAUFCHMZ CGMSSATCTN P F L Y G

GGCTAAACGACAACTTTCGCAAGGAATTCCAAGAGATTCTCTCCGGGTGCTTCCCACAGTTCGTTGCAAGATTTACCTCTCGCCAGGATACGATCAACGAGTCTCGACTAC
W L N DN F R K E F Q E I L 8 G C F P Q F VA R F T S R Q D T I N E S R L
CTTCGATGCATCCCGCTGTTAGAACAATTGCTGGAAACGAAATGATACAGCTTCGTGGTTATGAAAGTCCTCCGTCATAGATATACATTAATAATCTAAATGTTGTTTAAA
P S M H P AV R TTIAGNUEMTI QLR G Y E S P P S *
TTAAAGAGGAGTGAGAAGAAAGCAGGCACAGTAGTACGTTAGATTTCCTACCAATTCCATTTCTACTATTGCTATGAAGAGGTATAGAAAAAAAAAAAAAAAAAAAARAAA
AAAAAGTGTTTGTTTAACTACTAATGGCAGTAGACAACAATACCGCTAATGCCAGGTAATGTTCGGCATACATCTGTACGTGTATACCATTTCAATAAATGAAATGCACAC
ATTTTCCGGCCGGGATCGTAGAGTTTACGGACTCGCGAGTCAGGTACAACAGCTGTAGGCCTTTACAATCTGGTTTTAAATCACCTTAGATTCAATAGGGCGAGAAAAGAT
TGATTTCGGTATCGGCATACCAGGTAGCAAGCAAGAAGGGAGGGCTTTTCGTGAAGATTTGTTGGTTAATTGTTTGAAAGATGCTAAAAGTAACACAATATCATATCGTTT
TTCGAAGATAGCGAACCAGATTTGAAAAGTAGTCAGGGCTAGTGAAATTTCTACGACTGCTAGCTGCGTTTATCGTACAGATCTTTCTACGAAAAGACAAAAGTAAAACCA
GCAAATAGCATGTAAAGTGAACAGCCTATACTCGCATATAAATGCTGCTTCACCTAATATCATTGTAACCATTCTCTCAAGGACATATATAATATGACCTTTTTACAAGGT
CGTGAAATTTGTTCCTTGTAAAAAATCATACGAGAACAATTTATCATCTCAACTAGATGAGTGTAATTCAGTTGGTAATTGAGACTGTGCAAGCTGGCTCTGTAGGAACAG
TTTTAGTTATTTTCAAGATACCCGCTTCTATCTGTTTTTGATTGAATCTTGTATGTGCGCACGTGTGTGTATTGCAAGGCAAAACACAACGGTCAGCGTCTTCATTTGACC
TCTTGCTAGGTATGTATGTATGTATGTATGTGCATGTGTCAAAAATTATGTAGAGGGAAGTAGCGATTCGTCAGTGTTAGCATATCCGGTGCGTTGTCGTCACTTACCTTC
GGCTCAAGTACCACCAGTTTTACATAGCACACTTGTGTGTGTAGTTTAGGTATCTTGCAGTTTCTCTATGATTCTGATAGTGCCGATGTAAATATAAGAATTCGAAATAGT
GTTTGTTAGAGAGACAATCCTGTCCTATTCGAAAGGTGCTTATCAGCTGGAAGTATACCACTATACAGGTATAGGCATAACTATTTAGTGGCGATTGAATAGTAACATTTA
TTATACCTAGGTAGATGTACAATAACTGAAACATTTTTCCCTGATGAAAATGCCACCACCAGATATTAGTTAAACGAACCTAAAAACACACATTTTAAGCAGCTAGCTTAG
GTTTCTAGAAGCCTACTTCGGCTCTCTTCCATTACACCCTGACCCTCCCGCCGCTATTTCAGGTCCATGGATTCGTTTTCCAAGCAGCAGTAATATGGACACAGGGCCATG
TGGCCGTAGGACCCCGTACAGTTAGCCCTGTGCTGGTGCGGACCGTGGCCAAATAATGAACCAATTATGACCGCAATATAGCAGAATACGTTTTGTTTTATCCGAGCACGT
TTTCATATAGCTTAATCTATGTAACTGATAGGTAAAACCGATGATTTAAATAACATTAAAAAACAACGTTTGTGTAGATTTATGACGACACATGTTTGATTGATAGTACGT
AATTGTGTATTGCAATTCTTGTGATGACAATTCAATTATTATTACTAATGTTGAATATGGCATACGAAAAAATCGAGTGATCGCATAGCTGTGATTATTTAGTACGCCCGA
ACTCACTCGCTACGGAAAAAATTCAGTCAGCGCCGTTTTACAAACAGAAATCTTATTATATACCTATAGAGATGTTTCGGACGGTCCATGTACGGTTCTGTAATACTATTA
ATTGGACAGCATTAAATCTCGTGTAAGCTCTTGAATAAAAATGTGTTCATGTTACACAGCAGTGGCGAAAACAC

B) Multiple sequence alignment:

melanogaster MIISMNQTEPAQLADGEHLSGYASSSNSVRYLDDRHPLDYLD GTMHA N TAINESDLN
urticae
destructor
jacobsoni

AINEERS

melanogaster
urticae
destructor
jacobsoni

NINEEIS

melanogaster
urticae
destructor
jacobsoni

NINBERS

melanogaster
urticae

destructor YPTRETFNPLSGFFMMATIWMIALLLATPLFIYKTVFTHEVPQKFLL
jacobsoni YPTRETFNPLSGFFMMATIWMIALLLATPLFIYKTVFTHEVPQKFLL

SS35

melanogaster
urticae

destructor EHWPHNKGRFFYS
jacobsoni EHWPHNKGRFFYS

NINBERS

melanogaster
urticae

destructor GCQAQLIEKLLRERQRVORTNKLL
jacobsoni GCQAQLIEKLLRERQRVORTNKLL

NINBERS
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SSRF SSR3F

NINBERS

melanogaster
urticae
destructor
jacobsoni

melanogaster
urticae
destructor
jacobsoni

melanogaster
urticae
destructor
jacobsoni

AMCHMMGMS SACENPILYGWLNDNFRKEFQENLS
2GMS SACENPIL Y GLNDNFREE FE High

®SDTNMRLNGHTTGCNVQAAA

RETSRODTINESRLPSMHPAVRTIAG
RETSRODTINESRLPSMHPAVRTIAG

HNPJYPSEVTKLMER

PlS Sl--QODIFER
LI
L.

Figure 3.14 A) Gene structure for NPF receptor sequence in V. destructor and V. jacobsoni
is shown. The 7 Transmembrane helixes are indicated by blue color highlighting and
underlining. B) Multiple sequence alignment of NPF receptor from various orthologous
species across Phylum Arthropoda
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Allatostatin A receptor

A) Gene structure

V. destructor

GACGAGCTTAGAGGCTCTCGTGGCGTACGAAGACATCGCCACAACGGTGGCCGGGGGGAGCCTCTGCGGCGATCTCTGCAATATGTCGAAAGTCGAAGCTAGCAATTCAC

S K V E A S N §
CTGCGGAAGCCAGTCCGGTGTTCGTTGAGGTCGTCGTCCCCTGGCTATTCGGCCTGATCTGCGTTGTCGGTCTGGTAGGCAACGCCCTTGTCGTTGTCGTGGTCGCGTGT

PAEAS PV F YV E YV Vv (SN ANEI v v A C

AACCCGCAAATGCGCTCCACAACAAATATGCTTATTATCAATCTCGCAATTGCCGACCTGCTCTTTATTGTTTTCTGCGTGCCTTTCACTGCAATCGACTACAGCATCGG

NP oo M R s ENEINIMIETINIINTTTATTTATDIENTIENIIVIEICIVIENE T A T D Y 5 I G

CTATTGGCCATTCGGCGACGTGTGGTGCCGCACGGTGCAGTACTTCATCAACGTGTGTGCGTTGGCGAGCATTTATACGCTGGTCCTTATGTCAGTCGACCGATATCTGG

YW opoF oG D EMNCHRETEVEONECNANCNANSIETEE 1 s v D R Y L

CCGTTGTTCATCCGATCACATCAATGCAGCTTCGAGTTGAACACAATTCGCTGATTGCGTGCGCCCTGCTCTGGGTGATCATCGTTATCGCCTGCATACCAGTCGCGTTTA

AV oV E P ITSMOL R NS AN A -

TTCACGGTACAAATCCGGCAGGGGTAAACACCAGAGAGGTATTCTGCACATACGACTTTGACAGATACAACCATAACGTGTACCAGATAGTATTTTCGTTGACGTCCTTTT

NV YQTVESLTSE

TCGCTCCGTTGGTCGTTATCTTCGTACTCTACATGCTGATGCTCAATCGGCTATGGTTACGGGCGAGAAGTTCGGCGGARAAGCGTTCGAAGTCGACGGAGGGTAACACGAC

ENANENCNVAININENENS 4 L M L N R L W L R AR S S AE S V R S REKIREVIEER

TGGTCGTTGTGGTCGTATTAACGTTCGCCGTCTGCTGGGCGCCCATTCAGGTAATACTTTTCCTAAAGAGCATGCAAATGATCGACGTTGCATCGGACATGACGCTGCTCG

E T ANCIANEIENG v I L F L K S 4 0 N I D v A SEDNNMINENEND

TTTTACAAGTTTGCGCCCAAATCCTTGCTTATACCAACTCATGCTTAAACCCTATTCTTTACGCGTTTCTGTCAGAAAACTTCCGAAAGGCGTTCCGGAAGCTGATTCTTT

VIOV CAROQILAYTNSCH

GCGGGGCGCGAGAGGCGCCCCTCGGTCAGCTCGGTGGCCACCAGCACAGTGTGAACACCCATACGCACAATCATCACCCGCGCGAGAGCACCGTTGTTACAACGGCTAACC
c G A REAPULGOQULGGHOQHS VN THTHNUHUH?PRE S TV V T T A N
GTCACAAAAAGGGCAGCGGGACAACGACCCTCACCGCTCGCAACGGACAGCTTATTAGCGACATCTTGTTGTCCCAGCCGTGTGCCGTCTCCGAGCCATTGCTTCAATCTC
R H K K G s T T T L T AWRWNSGOQULTI s DI L L S Q P CAV S E P L L Q S
CATCTCAGCGAGAAAGCCAGCTACCACAGCCTTCAGTTGAGGCAATGGCTTCTGATGACGGCGGAATTGGGTGTGGAAGCGCAAGCACCACTACGGCAATAACGAATATGA
P s 0 R E S QL P QP SV EAMASDDGSGTIGOCSGSASsSs T T TATI T N M
CAACAACGACATTCGTTGCTGGCACAGACGGCAGCCCGATAGCTGCTGGCGTAGGAGCCGCARAATGTTGGTGTGGTGCAGGCGTTTCGGGCACGCGTCGCGCCAAAAGGAG
T T T T F V A G T D G S P I A A GV G A ANV GV V QA F R ARV A P K G
AAATTATCACTGTCATTTGTCACAGGCCGCAAGACGAACTCGTCTAG

E I I T Vv I C H R P Q D E L V *
ATTCGTGTGGAAGAATGAAGAAAGCACTGACTAAACATAAACGAAGATTCTACGACTATCGTTAGAAATTCAACCTAATACTGTAATGATAGCCGTTTGTGCTTCCTTATC
CTCGCGATGGCTTGCTCTTTCACGTGACTGTGAATAAGATAAACACACTTCAAAAATGGAACATATCAAACAAACACAGAAAAACTACAGACGATAAATAAAAGTTATCCG
TGTTTAACGTCGCATCTTGTACGCCTCTAAAGAAAACGAAATGCATTTAAATCGCTTGAGTCAAACTGTCGTGTTTAGGAAAACCGGAAAGATTGGGATCAACACATATAT
ATACTTGTAATGCCTTTGGTGCTGTTATTATGCGAATACAACAGTGATCATTTATATAGATTAGTTATAGAAATCGTTTAATCTATTCGACATGATGTCATATGGATGATC
GCCGTAAGCAGCAGCTGTTTTGTCAGAACGACGTTGGCGACTAAAGAAACATACCACTATTGGCAACCGAAGCCCATCTAGAAACGGAAACCTTGACTGGCTCCCTAGTAG
TTTCGTCATACCAATAAAAAATCGCAAATAAGCATGCGTTTCGAGTGGTGGATCCGGTATTGCCGTTAGCATTGCTTCACATGGTTGGCCACCAGCACGAAACAAAGTAAG
TCCTTGCCCGGTCGAAGGTCGAAAAAACACTATACGTACGCCATTTTCAAAGGACACTTCGAAAGAGATTACGGCTGACTTACAGAACGTTTATGTGCATATAGAACTTTT
AGTGAACATGCATGATGTCTAGAAACGGCCCACGAAAGACACTCACCAGTACTAAGGTGCCGTCCTTGAAGCATGGCACATGGGATCATTCTATCACACTACATATAATGT
CGGATTGAATATATAGTATATTAAGTTGTACATATTCAAGTATACGCATGTAAATATTTACCAGTACGTACACAGGTATACCTTCTACGAGCTGTCAGTCAGCTTCAGAAG
GAATCAAATAGTGTACCTCGTATGAACGCATGTATGTCATCTACGGGACAAGAAGTTAAGTTCGGGAAACTTCTCTTTGTTGAAGTTCAAAGTTTCTCTCAATGCTTCTGC
TAGCGATAGACGTGAATTGCATCTCTTTCTCACAGATAGGCATATATAGCACAATGGTAAGAAGTGTCGTAATTGAAATGGGGCAGGAATGACTATGCTCTTCACCCCCTG
CCGCTCTCATTTAGACGAAATCAGAAACCCGAATTGTCCCCTATGGACCTCAACGTTGTTTTGAAAAGTTCCTAGCTGTAATAAACTTTCAACGAGATTTCTAATGTGCAA
CACGTGTATGGCAACATCATAATAACGGTAATGATTATTGCTATAACAGTATATAAATAATGTGTTTAGTTTTAATTGTCAAAATTACTATTGTAACATGTATAACACTGC
GGAACTATAACATAGCGAACAACAGGCTACAATAATTTATTGCTATCATGTACATATACAGCTGCATAGCACTGATTCCAGACCTCACGTGATGTACACTCTAAACTAATG
TATTAATGCGGTTGTTATATTATCATACCAATAATTACATTGACATAAAAACAACAATTATAAAAAACGTAATTTTTCATTTGTGATTTTATTTACTTATTACTTAATTCT
GTGTCATATATTTGTTTGACTTATATGTTTTGCGTTGATTTTGTGAACATAGGTATTGCGTTATGGAACGTAA

V. jacobsoni

AATTTTGCCGTAGCTAGCTGACTTTATTCAAAGGACTTGATGTTCCGTTGGTCGCCGTCGCTTTATCTTTGAAGCCTGCGGATCACCGACATGATGCACACATAGCATCAT
TATGAATATGGCATTCCAGTGAACACAGTCGTAGCATAGTAGCACAGGTCAAATATTTTTAGCCCATTCAGACAAAAAACTGGGCTCGGATAGATTATAAGGGAATCTGCT
TTCAATCTGTTCAACAGTATAACGAGGCACAAGGAACGCTGCTGGTTGAATAAGGGTACCAACTAAAGTGCACAGCTGGATGACGCGGCACAGTCGGCTTCGGGCAAACCA
TGAAGCGAACCTCTGCTATAGTGGAATATCTGACTAGTTAACGGATGGCGGGAATTAATATATATATATATATTTCCCTTGAAATATTAGAATATTTTGTTAAAAAAGCGC
GCCAAAATATTCTGTCTTGTAGTTCATTGGGCGATATGGGCAGCCATGGTGGCTTCGAACATGCAGTTCCTCATGACCCCTGTGCACATGTTTTCTCGTCTGTGTTGTTCT
GTTTTGCTTTGTTCTATACGGATCTCATTGCCTAAAAAGCAGCCGCTCCTCGTGCTATGTTTTTTGAACAAGCCTCTGATACGTATTCTGTAATCGAATGTCAATAGGAGC
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CTATATTCACTATGTGTGATATGTGAAAGCTGTACACAGCTACGGACAACCTAGAGTTTCTAATCGATCTATTTGAAGCATGGATTGTTTAAAAAGGATTGCCAGAGTATA

GCCACATACGAGATATTTGAAAGAAGATCCTAACAGCACCATGAGGATAGCCATGAGGTGTAGGGGCTGAGTCTGGCTTATACGAGGACCGGCTCAAGGCTGGCCCAGGAG
ATCCGCTACTAGTGGCTTGGCCATAGGCTGCGGACCACAGCCGCGGCAGTGGCGCACGGTTAAAGGCGAATCTGCAAAAAGCGGTAAATGATTCAAGTGGAAAATGCTGTA
GTGGAAGCCCCGCGCAGCTGAAGCACAGCCTGAGCCCTCTTTGTATTGGGGAAAATGACGAGCTTAGAGGCTCTCGTGGCGTACGAAGACATCGCCACAACGGTGGCCGGG

l M T S L E A L V A Y E D I A T T V A G

GGGAGCCTCTGCGGCGATCTCTGCAATATGTCGAAAGTCGAAGCTAGCAATTCACCTGCGGAAGCCAGTCCGGTGTTCGTTGAGGTCGTCGTCCCCTGGCTATTCGGCCTG
G s L ¢ GG DL CNMS KV EASNS PAEAS PV F V EMV V P W L F G L

ATCTGCGTTGTCGGTCTGGTAGGCAACGCCCTTGTCGTTGTCGTGGTCGCGTGTAACCCGCAAATGCGCTCCACAACAAATATGCTTATTATCAATCTCGCAATTGCCGAC
I ¢ v v 6 L VGG NAL VVVVVACNWPOMU® RS T TNMTILTI I N L A I A D

CTGCTCTTTATTGTTTTCTGCGTGCCTTTCACTGCAATCGACTACAGCATCGGCTATTGGCCATTCGGCGACGTGTGGTGCCGCACGGTGCAGTACTTCATCAACGTGTGT
L L F I VF €CV P F TATI DY S I G Y WP F G DV W CR R T V Q Y F I N V C

GCGTTGGCGAGCATTTATACGCTGGTCCTTATGTCAGTCGACCGATATCTGGCCGTTGTTCATCCGATCACATCAATGCAGCTTCGAGTTGAACACAATTCGCTGATTGCG
A L A S I Y T L V L M § V DR Y L A V V H?P I T S M Q L R V E HN S L I A

TGCGCCCTGCTCTGGGTGATCATCGTTATCGCCTGCATACCAGTCGCGTTTATTCACGGTACAAATCCGGCAGGGGTAAACACCAGAGAGGTATTCTGCACATACGACTTT
¢c A L L w Vv I I VvVvIACTI®PVAUFTIHSGTNU®PAS GV VNTIREV F CT Y D E

GACAGATACAACCATAACGTGTACCAGATAGTATTTTCGTTGACGTCCTTTTTCGCTCCGTTGGTCGTTATCTTCGTACTCTACATGCTGATGCTCAATCGGCTATGGTTA
b R Y NHNV Y QI V F s L T S F F A PL VvVIF VL Y MILMTULNIRIL WL

CGGGCGAGAAGTTCGGCGGAAAGCGTTCGAAGTCGACGGAGGGTAACACGACTGGTCGTTGTGGTCGTATTAACGTTCGCCGTCTGCTGGGCGCCCATTCAGGTAATACTT
R A R S s A E S VR S RRURWVTRIL VV VWV VL T F AV CWAUPTI Q V I L

TTCCTAAAGAGCATGCAAATGATCGACGTTGCATCGGACATGACGCTGCTCGTTTTACAAGTTTGCGCCCAAATCCTTGCTTATACCAACTCATGCTTAAACCCTATTCTT
F L K §$ M 0 M I DV ASDMTLL VL QVCAOQOTITLAYTNSCULNUP I L

TACGCGTTTCTGTCAGAAAACTTCCGAAAGGCGTTCCGGAAGCTGATTCTTTGCGGGGCGCGAGAGGCGCCCCTCGGTCAGCTCGGTGGCCACCAGCACAGTGTGAACACC
Yy A F L S ENF RKAUFF R KL I L C GA REAU®PILGOQILG G HQ H S V N T
CATACGCACAATCATCACCCGCGCGAGAGCACCGTTGTTACAACGGCTAACCGTCACAAAAAGGGCAGCGGGACAACGACCCTCACCGCTCGCAACGGACAGCTTATTAGC
H T H N H H P R E S T V Vv T TANIRUHIK K G S GG T T T L T A R N G Q L I S
GACATCTTGTTGTCCCAGCCGTGTGCCGTCTCCGAGCCATTGCTTCAATCTCCATCTCAGCGAGAAAGCCAGCTACCACAGCCTTCAGTTGAGGCAATGGCTTCTGATGAC
p 1 L L S QQ p C AV S EPL L QS P S QR E S QL P QP s V EAMA A S D D
GGCGGAATTGGGTGTGGAAGCGCAAGCACCACTACGGCAATAACGAATATGACAACAACGACATTCGTTGCTGGCACAGACGGCAGCCCGATAGCTGCTGGCGTAGGAGCC
G 6 1 66 ¢ 66 s A s TT T A I TNMT T T T F V A G T DG S P I A A G V G A
GCAAATGTTGGTGTGGTGCAGGCGTTTCGGGCACGCGTCGCGCCAAAAGGAGAAATTATCACTGTCATTTGTCACAGGCCGCAAGACGAACTCGTCTAGATTCGTGTGGAA

ANV GV V QA F R ARV AP KGE I I TV I CHURUPQDEL V *
GAATGAAGAAAGCACTGACTAAACATAAACGAAGATTCTACGACTATCGTTAGAAATTCAACCTAATACTGTAATGATAGCCGTTTGTGCTTCCTTATCCTCGCGATGGCT
TGCTCTTTCACGTGACTGTGAATAAGATAAACACACTTCAAAAATGGAACATATCAAACAAACACAGAAAAACTACAGACGATAAATAAAAGTTATCCGTGTTTAACGTCG
CATCTTGTACGCCTCTAAAGAAAACGAAATGCATTTAAATCGCTTGAGTCAAACTGTCGTGTTTAGGAAAACCGGAAAGATTGGGATCAACACATATATATACTTGTAATG
CCTTTGGTGCTGTTATTATGCGAATACAACAGTGATCATTTATATAGATTAGTTATAGAAATCGTTTAATCTATTCGACATGATGTCATATGGATGATTGCCGTAAGCAGC
AGCTGTTTTGTCAGAACGACGTTGGCGACTAAAGAAACATACCACTATTGGCAACCGAAGCCCATCTAGAAACGGAAACCTTGACTGGCTCCCTAGTAGTTTCGTCATACC
AATAAAAAATCGCAAATAAGCATGTGTTTCGAGTGGTGGATCCGGTATTGCCGTTAGCATTGCTTCACATGGTTGGCCACCAGCACGAAACAAAGTAAGTCCTTGCCCGGT
CGAAGGTCGAAAAAACACTATACGTACGCCATTTTCAAAGGACACTTCGAAAGAGATTACGGCTGACTTACAGAACGTTTATGTGCATATAGAACCCTTAGTGAACATGCA
TGA

B) Multiple sequence alignment:

V. jacobsoni TSLEAIVA---YED[IA--—-TiIVA@-——————————————————————— ————— G-EILC
V. destructor SK-———-——-"————- - —
D. melanogaster GHQSIFANL--LAT NNYAFT
A. mellifera LQE--MEIT--SER MNNNE---—
I. scapularis ALSSSSLT---TSANDSDAGG AAES ————————————————— FLSSER TH-IIL
T. urticae DPPGINNUESQLRTIEYSPSPSESHLPESPLSDSSEEPLYLDHLS|/DPSL -T-EFC
V. jacobsoni GDLCNM----- Bk y-------—--—--—------ spaRAsevElE AR

V. destructor = -—————————-——--- EE g ————————————————— SPAIES PVEWENAAAZ !

D. melanogaster SEHTDHSDHNANDSMEYD-—-—-—--—-—-—————-————- AESVR

A. mellifera —-—--—-—--- TLRYNEEFDYT-----—-——————————— FDRIFQVRK]

I. scapularis SRFCNG—-—-—-—-- TPCK TSGAPFLNHEEDYAEYYASNTE BN A VAV

T. urticae GSLISSLDPNVEO YDE ————————————————— CSEANARE | AYRE - \Va
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SRR SO HANPUSE SO SE

HHNDOSI

jacobsoni
destructor
melanogaster
mellifera
scapularis
urticae

jacobsoni
destructor
melanogaster
mellifera
scapularis
urticae

jacobsoni
destructor
melanogaster
mellifera
scapularis
urticae

jacobsoni
destructor
melanogaster
mellifera
scapularis
urticae

jacobsoni
destructor
melanogaster
mellifera
scapularis
urticae

VVACNPOMRSTTN
VVACNPQOMRSTTN

VVIENEOMRS T TN
VVARNPRMRSTTN

€Y 11 PEGDVICR
€Y1 PFGDVICR
LIINLAVEDELF
LIINLAVADLLF

TNPAGV--N'R-EV DF--
TNPAGV--IJIR-EV DF--
AL SEISVRIYQOYHGN--AGTAGV|aSTEE

AF] EFQDMDGSSEENLTAGRIL-—--POQ
ML S ViiV----DDT-FA LA-HMGMS
LI}sI0HYDLD--SET-SHL@HIN-—-—-PAE

RRVTREVVVVVL ce IfvILVLK
RVTRLVVVVENFARCWEP IOVILVEKSEHS
FAVCHWEPHO

SDMTL NPILYAFLSENFRKAFRK|
SDMTL NPILYAFLSENFRKAFRK|
SjH-1S NPILYAFLSENFRKAFRK

S-AT NPILYAFLSEBEFRKAFRK
MNPLR NPPLYAFLSENFRK[JFRK
EK—FKEE NPILYAFLSENFRKAFRK|
I

Figure 3.15 . A) Gene structure for Ast A receptor sequence in V. destructor and V.
jacobsoni is shown. The 7 Transmembrane helixes are indicated by blue color highlighting
and underlining. B) Multiple sequence alignment of All A receptor from various
orthologous species across Phylum Arthropoda.
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Allatostatin C receptor

A) Gene structure

V. destructor

CCGACCAGACGGCAGCATCCGACTAGCAGGATTCATCTCCCGGACCTACCGGAAGAGTATAAGGCCAGCGTGCGTATAAATGTGTGAAGGTGCATCAATGGCGAACCTGTA
AATCTTCGAATCGTAACAGACGGACCTGCAAAGCTCTTACAACCCGAACATTTCTAGGATACGTGAAAATTGGAAAGACGTCCGCTTGCCCTTGTACTATCGATAATTTTA
ATAAAGTGGTTACAATGATGATGCCTGGAGTTTTTGGTTCTAGAAGGTTGCCGGCATAATCTGTCAAGTGTACAGTTTATCATTTGCGACGCGCACTAACAAGCTTTGAGT
ATAGCAACCTAACGTTACTTTCCTTATCTGTTTTACCCTGCCTGATGTTTTTCAGCTGTCAATAGCGGCCGCTGTAAAAATTTCGCGCGTTTCCCGCAGTTTGAATAATTA
TTAACGCTGTACATTTTGGAATATTACTGCTGCGATCGTGGAGTGCGGAGTCCTGTCTTTCAAGCGAAACCCCGTCAGATGGAGCGATTCGTCAAATTTGACACCCTAGAC
CGACCACCCTACGAGCCAAACATAAGCGAGAAGTGACTTAATGTCAGTGCTCAGTGTCGCTTTCGTATTTAAACGTTTGAACTACTATCCTTACTTGGCTGGCTCAGACGG
CATCGACAACACATCGATGTTCAATACGTTCTCGTGTCCATGCGTGAACTGATTTCTTTTGACTCATGATGTTGCAGTGACTGCGCCTATTTCTCCAATCTTTTCGTGCCA
AAGGTACCTGGCCGTCGATATAGGTGATAGGACCGTCCTGTCAACTGGATCACGGGTGCCCACTACCGATACTATAATAACTTAGTCGCCTTCCAATTGCAACAAGTATAT
TACGACTGGAACTACATCACGGACACGCCCTGTCAGCCGTTCTTGGTCGCTGTCTGTTCGCATCCTCACTGATACGCTACTAGATATCGGCGGCTAAGCGAAGATAAGGGC
GATCTAGCTATTTGCACGCAGGCGCAAGAGCTTTAAGAGGAAATAATTATTGACAAGGCCGCACTAAAAAATAAGCTTGGTCTGTTTCGGCGTTTTTTGTCGTTGACCGAG
GATGTCACACGGATGCACGGGCGTGGGTGATGTTCCGCGATGATCGACAAGTCAGCAACGTAGTGTTTATAATACGAGCGAGTGTACACTCCGCGCGTCTGCGACTCCTGG
CACCGTTCACCCGCTGATGGTGAGTGATGACAGCGGCATTGAGCTCTTCGTAGCCGAAGCCCACAGCCCGGTTGCCTTTGAAGGGAACTGCAATGGCGACAATAGCGACGA
TTAACTTCGTAACCGAGTGAAGCCACAGAATTCCTACGAAACAGCGTGTGTCACTTTGGCTGACTTCGATTCGGTGGCCCACGCGCGGACTCAAGTTGCTGTCGGTAATAA
TAGTCGCCTCATGCCCCTGGTAGCAATTCGCTGATTAACTCTATTCGCGTCCACCCCAGCCCGGCTTAGAAGAAAACGAGCGGATGAGTCCGTCGTTGTCTAGTAATATTT
GATCTGACTAGCGAAAGTGACTTGATCGGTCCCTGTAGGCGTGCACGGTGGCAGAAGAGCGGGAAAACCTGGATCTGCCTCGTTGTTATTGCTGTCAGCGTACGTAGAAGA
CAGCAGAACAAGTCAACGGAGGAAAACTCTGTGTTGTCTATATGGCCAAAGGCATCACCTCGTAACTAGCTCTACAATTAAACCGTCTGTTACATTAGTTTGCTCCGGAAA
AGAAAGAACGAGAAACAACGAGGCAAGGGCTGAAATTGTCCTATTATTCAGTGATTCTTCCAGTATTTTTCGCTATCGCATCAACACGAGCGGAGCGTGAGGTCAACAACA
GAAGATGTTAAACAAAACGCCAGCAAAATAGCAAGGTCTGTTAATGTGGCCCAAGCACTTCTTTCAATTTGGCTCTTGTCATCATTCGTCTTCAAAAACGCAGCCCATCAT
GTTGCTACCGGTCTCAACCTTGTGAAAACAGCGGTTCAAATTGCCATGGGTGAATTAATTCACGGTGACCCGCTGATATCATTTCATGGCAGAAACAGACAGTCACGCCAT
GACAAGTAACCGTTAAGGCGTCAGCTAGTTCAATTATTCGAAATAACCGTTAACCAATTAACCATAGCTATTGCAGTTGTCCACATCAGAGGCTGGGCCATCGTAGAGCAC
CACTATGTCCTATATTCCACTGGTTATAACTGATTAAGGGATCAATATATTGTTTATATGATATGAAGATCAGCAAGCGGTGCTAAGGAAATACAACACAGTGTCTAAGGC
TATAAGATGTGGCTTATAATTGGACACATATTCACAGCTGCTCACATCTAATTATATATATATATATATATATATATATACTACACGATAAATCTGGCTAAACAAACATGG
AGCAATATGCATAGTCTGCCAACGAGCTCTTAACTCCAGTAACAGTAGTAGCTATACAAGGAATTACTTGTATCGCCCTGATTAAAACACGTAGCAGATAACATACGACAT
AACGTTAAGACGGTTAAACGTGGAGGCGACTTCACGCAGCGACTGTGTCATAATTTGTCGTCAAATCAACATTTGCAGTAGTAGTAATCGTATGAGGAGCATCAGATCAGT
AGCGACAGCTACAAAATCGACATCGTTACTGAAATCATCATCACTCAGAACGGCCTCAGCTATCAGTATATTTGTTTGCGTGTGTGTATTTTTGTGTTTGGTAACCATCGT
TCAAGAACGTCTGTTGAGGTATTTACCTTGTAGTCGGCCAGTTTTGCTCCGCGGTCTTCTGGTGGCTGGACCCCGCGGCTCGTTGATGTCGTTTTAGCACAAATCAAGTAC
GCGCATCCAGACGTCAGACTGCGGTACCGACCCGTTGTAAGCGCCGGTTAATTTAGCCGTCTGCGGGTAACTGTCGCTTTGCTTACCCTCTTGAATTCTTGTTTTCTCGAC
TATTTAGACGACATTTAGCGCACCGCCTACACAGCCGTCCCAACGTCGGGCGTGATGGAGGCGCTAACGGCACTGCAGAATGTGTCAGTCGATAGTGTCATCCGACTGGCG
M E A L TAUL Q NV s Vv DS V I R L A
AACGACGAACACGTCTATTTACAAGATCTGTTAAGCAACTGCACGAATGGTAAATTCAATATGTCAGAACCCCTCAATCTACGGATACTGGCCGAAGACCCACAAATGGCA
N D EH VY L Q0 DL L S NCTNGZXK FNM S E P L N LRI L A E D P Q M A
CAGGTTCTCTCTAACTGTTCGCTCATGGAGTTCAGCAACACGGAGGCGCCACTGGCGATGGTGCGAATCACTACGATCCTATACTTAATCATCTGCCTTGTCGGATTGTGT
g vL S N CS L MEPF S NTEAUPILAMVYV R I TTIL Y L I I €C L V G L C

GGTAACTCGCTTGTGATCTACGTAGTGTTCCGATTCTCGAAAATGCAAACCGTGACTAATATGTACATCTTCAATTTGGCGCTTGCCGACGTGATGTTTCTGTTCGGACTG
G N S L VI ¥ VV F R EE S KM QT VT NMJ§Y¥ I F N L AL A DV M F L F G L

1st Intron
CCGTTCCTCATTACGACAATGACCACTCGAGACTGGATATTTGGCCAAGCCATGTGCAAGATTTACATGACGACAACATCAATCAACCAGTTCACATCGTCACTTCTGCTT
P ¥ L I T T M T T R D W I F G ¢ A M C K I ¥y M T T T s I N Q F T s S L L L

ACGGTGATGTCTGCGGATCGTTATATAGCCGTTTGTCATCCGATTTCATCGCCGAGGTATCGGACGCCATTCATCGCTAAATTCGTTTGTCTCACTGCGTGGACGGTGTCT
T v M S A D R Y I A V C H P I s s P R Y R T P ¥F I A K F W C L T A W T V S
2nd Intron
GCCCTACTCATGGTCCCCGTGTATCTTTACGCTACTGCATTCGACATACCTAAAGAAAGCACCGATGGCTCGGTATCGTCGCGGAAAGTTTGCAACATATACTGGATGGAC
A L L M VP V Y L Y A T A FF D I P K E s T D G S V S S R K V C N I Y W M D

ACCCCTTCTTTAACGGGTCAGACGGCGTTTACCTTGTATTCGTTTTTTCTCGGATTCGCTATCCCGCTGGTTCTCATACTTGTCTTCTATTTTCTCGTAATCTTCAAACTC
T P S L T G Q T A F T L ¥ §$ F F L 6 F A I P L VL I L V F Y F L V I F KL

3rd intron
AGCAAGGTGGGCCCGAAGACGAAATCGAAAAATAAGAAGCGCTCTCATCGAAAAGTAACCTACCTAGTCCTGACCGTGATCACGTGTTACATCTTCTGCTGGCTTCCATAT
S K v G P K T K S KN K KR S HURI KWV T Y L VL TV I T C Y I F C W L P Y

4th intron ‘
TGGGTTGGGCAAATCATCATCATACTACGACCACCATCTTCGAATGTACAGCGGTCACAATTTCAGGTGGCCGTGTTTCTCTTAAGTGGCTGTCTTGCTTACGCCAACTCG
w v 6 0 1 1 1 I L R P P S S NV Q R S Q F 0 VAV F L L S G C L A Y A N S

5th intron ‘
GCCATCAACCCAGTACTCTATGCCTTTCTCAGCGATAACTTTAAGAAGAGTTTTACCAAAGCGTTCACCTGTGCGAGCAAAAAAGATGTGAATGCACAACTCCACGTGGAG
A I N P V L Y A F L S DN F K K S F T K A F T C A S K K D V N A Q L H V E

AACTCCGTGTTCCCAGGCGGTCGCACCCGCGGAGGATCGACGCGTGGTCCCAATGGGGCCTCGGGAACCAATGGAACACGAAATGGCGGTGCCCTACCAGGAGCTTTACCT
N S VF P G GRTRG G S TRGPNGASGTNGTIRNG G ATLP G AL P
6th Intron
AATGGGAGCAATCAGCTCGGAGCCGGTCTGCTCACAGTACACAAACATCTTGGGATCAGTCTCACCACAGGGCCTGACATTGACTTATCAACCAATTGCACACGAAGCGAC
N G S N QL G A G L L TV HKHUL G I s L TTGU®P DI DIL S T N C T R S D
CACTGCGGCCAAATTGGGGAACCTGGAAACGGTGAAGAGGAAAGGACTCCGTTARAGTTACCTACGGCGAGGGTTTAGACCGGGTGTCTAGGCTGTTACCATGTGTTCACT
H C G 9 I G E P G NG EEEUR T PIL KL P T A R V *
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CCTCGTCATGGCTATCACAGCTAGTTATGTATCTACCTATAGAAATCATAAATTAGTATTGTTTATATCGACAATTTGTCTCACGAAGGACCGCCCGTATAAAATTACGTC
CCGCTGGTGAAGGACTTGCGTACCTAAAAAACAGTTATTTAATGGCTTTAGTGATGTTAACGGAAAAGGTTGATTATTACAGAAGGAGACAGGGTGTCTTAAAGCGAAACA
AATCTGCAATGCTAGATAGTTCTAGCATGAACTGCAGGAAAAAAGAAGTTCCGTTAGTGTCCGGACTTCTTCCGGCATCTATATACATACTAAAGATGTACAGATGTAAAG
CGATATAGTTAACGTTACTCATGGTC

V. jacobsoni

AGTGATACTATGATAGGATCAACACTGTATAGTGCCACGACTGTGAGGCAAAGGCCAAAGAAAGCTTGAAAGGGCCGACACTACGGCGACTGAGGGGTCCAAACGCCAAGA
GTCGAGGCAGTAGGCCGAGCAACCAGCCAAAACTCTAGCTGGTGTCAAGGAGAACAATTTCTTTCCAGCTCCTTTGACACGCGTAACCTGATTACCCAGTGAAATAGTGCA
AGAGAAAAAAACCAACGGAAGTATAATCTAAACACCGGGATTGTAGAGGACAGCGAGGTAACCTAATGCATTTTTCTTTATAAAGACACCAGGAAAAAGTCAAGAGAGGCT
GAAAGGAATCAACACTGCGTTGACGACTATCGACTTGGGCGTTACCCTATTCTAGGCGCCGGTTCGCGGCCGTTGGCCCTGCTGCTCTCGTTGTCGTTCGGCCTGTCTGGT
GAGAGCTCTAGTGGCGAGAGTGCGCCCTAGCAGAGAGGCCATGCGGGAAAGGGTAGAGGCCACGAGGTCCGACCAGACGGCAGCATCCGACTAGCAGGATTCATCTCCCGG
ACCTACCGGAAGAGTATAAGGCCAGCGTGCGTATAAATGTGTGAAGGTGCATCAATGGCGAACCTGTAAATCTTCGAATCGTAACAGACGGACCTGCAAAGCTCTTACAAC
CCGAACATTTCTAGGATACGTGAAAATTGGAAAGACGTCCGCTTGCCCTTGTACTATCGATAATTTTAATAAAGTGGTTACAATGATGATGCCTGGAGTTTTTGGTTCTAG
AAGGTTGCCGGCATAATCTGTCAAGTGTACAGTTTATCATTTGCGACGCGCACTAACAAGCTTTGAGTATAGCAACCTAACGTTACTTTCCTTATCTGTTTTACCCTGCCT
GATATTTTTCAGCTGTCAATAGCGGCCGCTGTAAAAATTTCGCGCGTTTCCCGCAGTTTGAATAATTATTAACGCTGTACATTTTGGAATATTACTGCTGCGATCGTGGAG
TGCGGAGTCCTGTCTTTCAAGCGAAACCCCGTCAGATGGAGCGATTCGTCAAATTTGACACCCTAGACCGACCACCCTACGAGCCAAACATAAGCGAGAAGTGACTTAATG
TCAGTGCTCAGTGTCGCTTTCGTATTTAAACGTTTGAACTACTGTCCTTACTTGGCTGGCTCAGACGGCATCGACAACACATCGATGTTCAATACGTTCTCGTGTCCATGC
GTGAACTGATTTCTTTTGACTCATGATGTTGCAGTGACTGCGCCTATTTCTCCAATCTTTTCGTGCCAAAGGTACCTGGCCGTCGATATAGGTGATAGGACCGTCCTGTCA
ACTGGATCACGGGTGCCCACCACCGATACTATAATAACTTAGTCGCCTTCCAATTGCAACAAGTATATTACGACTGGAACTACATCACGGACACGCCCTGTCAGCCGTTCT
TGGTCGCTGTCTGTTCGCATCCTCACTGATACGCTACTAGATATCGGCGGCTAAGCGAAGATAAGGGCGATCTAGCTATTTGCACGCAGGCGCAAGAGCTTTAAGAGGAAA
TAATTATTGACAAGGCCGCACTAAAAAATAAGCTTGGTCTGTTTCGGCGTTTTTTGTCGTTGACCGAGGATGTCACACGGATGCACGGGCGTGGGTGATGTTCCGCGATGA
TCGACAAGTCAGCAACGTAGTGTTTATAATACGAGCGAGTGTACACTCCGCGCGTCTGCGACTCCTGGCACCGTTCACCCGCTGATGGTGAGTGATGACAGCGGCATTGAG
CTCTTCGTAGCCGAAGCCCACAGCCCGGTTGCCTTTGAAGGGAACTGCAATGGCGACAATAGCGACGATTAACTTCGTAACCGAGTGAAGCCACAGAATTCCTACGAAACA
GCGTGTGTCACTTTGGCTGACTTCGATTCGGTGGCCCACGCGCGGACTCAAGTTGCTGTCGGTAATAATAGTCGCCTCATGCCCCTGGTAGCAATTCGCTGATTAACTCTA
TTCGCGTCCACCCCAGCCCGGCTTAGAAGAAAACGAGCGGATGAGTCCGTCGTTGTCTAGTAATATTTGATCTGACTAGCGAAAGTGACTTGATCGGTCCCTGTAGGCGTG
CACGGTGGCAGAAGAGCGGGAAAACCTGGATCTGCCTCGTTGTTATTGCTGTCAGCGTACGTAGAAGACAGCAGAACAAGTCAACGGAAGAAAACTCTGTGTTGTCTATAT
GGCCAAAGGCATCACCTCGTAACTAGCTCTACAATTAAACCGTCTGTTACATTAGTTTGCTCCGGAAAAGAAAAAACGAGAAACAACGAGGCAAGGGCTGAAATTGTCCTA
TTATTCAGTGATTCTTCCAGTATTTTTCGCTATCGCATCAACACGAGCGGAGCGTGAGGTCAACAACAGAAGATGTTAGACTAAACGCCAGCAAAATAGCAAGGTCTGTTA
ATGTGGCCCAAGCACTTCTTTCAATTTGGCTCTTGTCATCATTCGTCTTCAAAAACGCAGCCCATCATGTTGCTACCGGTCTCAACCTTGTGAAAACAGCGGTTCAAATTG
CCATGGGTGAATTAATTCACGGTGACCCGCTGATATCATTTCATGGCAGAAACAGACAGTCACGCCATGACAAGTAACCGTTAAGGCGTCAGCTAGTTCAATTATTCGAAA
TAACCGTTAACCAATTAACCATAGCTATTGCAGTTGTCCACATCAGGGGCTGGGCCATCGTAGAGCACCACTATGTCCTATATTCCACTGGTTATAACTGATTAAGGGATC
AATATATTGTTTATATGATATGAAGATCAGCAAGCGGTGCTAAGGAAATACAACACAGTGTCTAAGGCTATAAGATGTGGCTTATAATTGGACACATATTCACAGCTGCTC
ACATCTAATTATATATATATATATATATATATATATACTACACGATAAATCTGGCTAAACAAACATGGAGCAATATGCATAGTCTGCCAACGAGCTCTTAACTCCAGTAGC
AGTAGTAGCTATACAAGGAATTACTTGTATCGCCCTGATTAAAACACGCAGCAGATAACATACGACATAACGTTAAGACGGTTAAACGTGGAGGCGACTTCACGCAGCGAC
TGTGTCATAATTTGTCGTCAAATCAACATTTGCAGTAGTAGTAATCGTATGAGGAGCATCAGATCAGTAGCGACAGCTACAAAATCGACATCGTTACTGAAATCATCATCA
CTCAGAACGGCCTCAGCTATCAGTATATTTGTTTGCGTGTGTGTATTTTTGTGTTTGGTAACCATCGTTCAAGAACGTCTATTGAGGTATTTACCTTGTAGTCGGCCAGTT
TTGCTCCGCGGTCTTCTGGTGGCTGGACCCCGCGGCTCGTTGATGTCGTTTTAGCACAAATCAAGTACGCGCATCCAGACGTCAGACTGCGGTACCGACCCGTTGTAAGCG
CCGGTTAATTTAGCCGTCTGCGGGTAACTGTCGCTTTGCTTACCCTCTTGAATTCTTGTTTTCTCGACTATTTAGACGACATTTAGCGCACCGCCTACACAGCCGTCCCAA
CGTCGGGCGTGATGGAGGCGCTAACGGCACTGCAGAATGTGTCAGTCGATAGTGTCATCCGACTGGCGAACGACGAACACGTCTATTTACAAGATCTGTTAAGCAACTGCA

M E AL TAL QN V S V D S VI R L A NDEH VY L Q D L L S N C
CGAATGGTAAATTCAATATGTCAGAACCCCTCAATCTACGGATACTGGCCGAAGACCCACAAATGGCACAGGTTCTCTCTAACTGTTCGCTCATGGAGTTCAGCAACACGG
T NG K F N M S E P L N L R I L A ED P QMM AOQ VL S NC S L MEF S N T
AGGCGCCACTGGCGATGGTGCGAATCACTACGATCCTATACTTAATCATCTGCCTTGTCGGATTGTGTGGTAACTCGCTTGTGATCTATGTAGTGTTCCGATTCTCGAAAA
E A P L A MV RTI T T I L ¥ L I I €C L V G L C GG N s L V I Y V V F R F S K
TGCAAACCGTGACTAATATGTACATCTTCAATTTGGCGCTTGCCGACGTGATGTTTCTGTTCGGACTGCCGTTCCTCATTACGACAATGACCACTCGAGACTGGATATTTG
M ¢ T v T™NMY I F N L A L A DVMU F¥F¥F L F G L P F L I T T MTTIR D W I F

GCCAAGCCATGTGCAAGATTTACATGACGACAACATCAATCAACCAGTTCACATCGTCACTTCTGCTTACGGTGATGTCTGCGGATCGTTATATAGCCGTTTGTCATCCGA
G QA MCIEKTIYyMTT TSI NQPF T S S L L L TV M S ADI RY I A V CH P
TTTCATCGCCGAGGTATCGGACGCCATTCATCGCTAAATTCGTTTGTCTCACTGCGTGGACGGTGTCTGCCCTACTCATGGTCCCCGTGTATCTTTACGCTACTGCATTCG
I s s p R Y R T P F I A K F VM C L T AW TV S A L L MV P V Y L Y A T A F

ACATACCTAAAGAAAGCACCGATGGCTCGGTATCGTCGCGGAAAGTTTGCAACATATACTGGATGGACACCCCTTCTTTAACGGGTCAGACGGCGTTTACCTTGTATTCGT
p I p K E S TD G S Vs S RKVCcCNTI Y WMTDT P S L T G Q T AUF T L ¥ S

TTTTTCTCGGATTCGCTATCCCGCTGGTTCTCATACTTGTCTTCTATTTTCTCGTAATCTTCAAACTCAGCAAGGTGGGCCCGAAGACGAAATCGAAAAATAAGAAGCGCT
F F L G F A I P L VL I L V F Y F L VI F KL s KV G P K T K S K N K K R
CTCATCGAAAAGTAACCTACCTAGTCCTGACCGTGATCACGTGTTACATCTTCTGCTGGCTTCCATATTGGGTTGGGCAAATCATCATCATACTACGACCACCATCTTCGA
S H R KM T Y L VL T VI T CY I F Cw L P Y WV G Q I T I I L R P P S S

ATGTACAGCGGTCACAATTTCAGGTGGCCGTGTTTCTCTTAAGTGGCTGTCTTGCTTACGCCAACTCGGCCATCAACCCAGTACTCTATGCCTTTCTCAGCGATAACTTTA
NV Q R S Q F Q VA V F L L S G C L A Y AN SATINP VL Y AF L S D N F

AGAAGAGTTTTACCAAAGCGTTCACCTGTGCGAGCAAAAAAGATGTGAATGCACAACTCCACGTGGAGAACTCCGTGTTCCCGGGCGGTCGCACCCGCGGAGGATCGACGL
K K s F T K A F T CA S K KD VNAOQLHV EN SV F P G G R TR G G S T

GTGGTCCCAATGGGGCCTCGGGAACCAATGGAACACGAAATGGCGGTGCCCTACCAGGAGCTTTACCTAATGGGAGCAATCAGCTCGGAGCCGGTCTGCTCACAGTACACA
R G P NGA S G TNGTIRNGGAIL P GAULPNGSNOQILGA G L L T V H

AACATCTTGGGATCAGTCTCACCACAGGGCCTGACATTGACTTATCAACCAATTGCACACGAAGCGACCACTGCGGCCAAGTTGGGGAACCTGGAAACGGTGAAGAGGA
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K H L 6 I s L. T TGP D I DL S TNC TR S DHOCGQ V G E P G N G E E E
AAGGACTCCGTTAAAGTTACCTACGGCGAGGGTTTAGACCGGGTGTCTAGGCTG
R T P L K L P T A R V *

TTACCATGTGTTCACTGCGCCAGGACCTCGTCATGGCTATCACAGCTAGTTATGTATCTACCTATAGAAATCATAAATTAGTATTGTTTATATCGACAATTTGTCTCACGA
AGGACCGCCCGTATAAAATTACGTCCCGCTGGTGAAGGACTTGCGTACCTAAAAAACAGTTATTTAATGGCTTTAGTGATGTTAACGGAAAAGGTTGATTATTACAGAAGG
AGACAGGGTGTCTTAAAGCGAAACAAATCTGCAATGCTAGATAGTTCTAGCATGAACTGCAGGAAAAAAGAAGTTCCGTTAGTGTCCGGACTTCTTCCGGCATCTATATAC
ATACTAAAGATGTACAGATGTAAAGCGATATAGTTAACGTTACTCATGGTCATGGTTTGTCCACGAGACCCAGAACAGAACGAGGGCCGCGACGCGTTCGTTGAAAAAGGT
GAATGCTGAAAGATCATTCTCGTAAAGACGATAAGCACACGGCAAAAGATGCATCTTTGAGATGAAGTTAGAAAGCACACAAAAGAGGATAGAATATACTAGTTTTCTTGT
TAACGAAAATGGTTTGACAACGTAGCGGTCGTCATAGTTTGCTATAGTCAACGGGTGGGCCGTTATTGGCACCGTCTATTACCTGTGACCTAAGACACAATGAAAGTGATT
TTTTTGCTATAACTTATCAAGAGATAATTAAATTGACGTTAGATCAACTGGGCACATTTGTGTTTAGGGACGTTAGGTTAGGTTAGGTTCACATGTCTACCTTTACACATA
GTTAATTGGCAATTATAATATAATTAGGTATTTTACTTAATGAAGCGTATAGAACCGATTAGAAACGGCGTTA

B) Multiple sequence alignment:

V. jacobsoni EALTALQNVSY S IRLEAN DI - ———————————————————————————— YLQD---
V. destructor EALTALONVSM B IRLANDSYV ————————————————————— ——— ——— — — YLQD---
D. melanogaster MEF@WLMVD--- LQF———VKG ——————————————————————————————————————
A. mellifera NITITST-—--lTERY————————————=—————— e e
I. scapularis PL-————————~ CGQEEEHRAHFPALFCPKPPRVRGATENGAAAHRCAGTPVRRRRLEP
T. castaneum MYEGGD —————————————————————————————————————————————————————
V. jacobsoni = —mmmmmmmmmmm e LLSNNC K-———————=
V. destructor  ——————————— LLSINC K-—————————
D. melanogaster —--———————————-———-—-— MTAD-—--——=—=—————=————————— SE W—————————
A. mellifera  —————————— -
I. scapularis RTRSPGGGSESGPPVREPSADHDQHDDAAGHRGSVGPAGSVAPSRRPAS@PRTEPRLEPA
T. castaneum  —————— """ mm e
V. jacobsoni ———INMSIHPIANL - ———— P—— SN---T

V. destructor -—- NMSEP ————— P—— SIN-—-T

D. melanogaster —---FINTNRES YTTE NHI W SGSSTI —PEES YGTDLPT QH---C

A. mellifera  -—-———————- GTS[IDYS——————————————— HEDSTIQ -—--C

I. scapularis  AGRTSAG-SHGC----- Rup@1pg--sc ERA E @coraNASGA

T. castaneum = ——-—-—---- MYRRDISRC-———-—————————- - - NEsEY---LTVDEGVG]P-Gil-
V. jacobsoni  —————————mmmmmmmmm— A

V. destructor —-———————————————————————- A

D. melanogaster —-—————————————————————— SFAD AVCEIGLEAGNELVIYVVLREFSKMQT
A. mellifera  ————=——=—==="="="="—"—"—"—-—————— PISIEVNQ IVCE I NELVIYVVLRESKMQT
I. scapularis VLLSPTNCSKPDNGDQPFFTSHPEF EEF K LVIYVVLRFSKMQT
T. castaneum  ——————————————————————— SMT O

V. jacobsoni VTNMY IFNLALADW I i |
V. destructor VTNMYIFNLALADWY F 1

D. melanogaster VTNIYILNL ADE® FiRL
A. mellifera VTNMY I FIRE M
I. scapularis VTNMY IFNLALADE 1 |
T. castaneum FIRC
V. jacobsoni SADRYIAVCHPISSPRYRTPFIAKFVELTAWTVSALLMVPVYLYATARNDE P KENSHND GRS
V. destructor SADRYIAVCHPISSPRYRTPFIAKFVE@LTAWTVSALLMVPVYLYATAR ESTDSVS
D. melanogaster QED-—-—-[&€---
A. mellifera SEK————G———
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I. scapularis SADRYMAVCHPISSPRYRTPFIAKFVELTAWTVSALLMVPVYMY AlSI N ettt
T. castaneum SADRYIAVCHPISS PRIRT pill T BBV L A v T8l S Tl . oSN~ Tjopyss PREEE GEEs
V. jacobsoni

V. destructor

D. melanogaster

A. mellifera

I. scapularis

T. castaneum

V. jacobsoni K I KSKINKKRSHRKVTYLVLTVIT@®Y

V. destructor K T KSKINKKRSHRKVTYLVLTVIT@®Y

D. melanogaster [NPGIREISNA: RAEINAEN-IRARUAL - T

A. mellifera KK SKEKKRSHRKVTINLVLTVITVY S
I. scapularis

T. castaneum

V. jacobsoni

V. destructor

D. melanogaster LLEGNL YRNSA

A. mellifera LLIAGILSYRINSA

I. scapularis LLSOMLSYRNSA

T. castaneum L CLSYBINSA

Figure 3.16 A) Gene structure for Ast C receptor sequence in V. destructor and V. jacobsoni
is shown. The 7 Transmembrane helixes are indicated by blue color highlighting and
underlining. B) Multiple sequence alignment of All C receptor from various orthologous
species across Phylum Arthropoda.
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CAPA receptor

A) Gene structure:

V. destructor

GTCACCAATAGTCACCCTATCACCGGTCCGTTCATTATCGTAACATTTTAGTCTGTGTGTATTTGCTTGCCCGTATACACATATCTGCGCTAAGCTTTATCGTTCGTAACT
AACTACAGTTGATTTAGGATTAAGCAACTATTGAGGGTTAACTAATGCGCCAACGAACGTAGTCTACGGGGAAAACTTTCTGCTGTCGCCGAAACGGAATTTTTTCGTTTT
GTTGCACGGTCGCGCAGTACCATTGGTAGTTGCAAATGGCTGCCGAGTCTTTGCGATATCCGCATCATTTTCACTTGCGCAGACAACATCACGACTGCTCGGTGATGGCTA
ATGAATAAGCGACCAGCGAACTCGAAAAGGGCTTACCCTTCTCTCAGATAGCGAGAGGGCTTTGGTTTGCCCTCGCCACTTGAAGATCACCACGCCGTTAAAACCAACATG
TGAAAAGCTGGCTTAGGGTAAGAACTCTTTGTATAAAAACGAATAGTTCGAATGGAGTGTCTGACCGTTAGGGAATGGAAACATTGTGTTGAGAGGATGAAAGAGGAACAT
GAAGTACAACGGCACCAATACGAAGTCAGTGCCGACGGACACAAACGAGCCGAATGGCAAAATAGTGTTTTTCAGCTGGATAAGGGAACAGAAGCTCTGGCCCAAAAACGC
TTTGCTTAGTTTATAATGATGGTCTTGAGCTAATCAATCGAAGAAAGTTTATATTTGAGGCCCGCTCTAACTTATTGATCGTGTTTGTGCAGAAAGAAGCCCGGACGTATA
ATGTGGAAAAGTAATTCAACAAATAACAGTGACTGTAAAAATGCTGATCATTGTTAACCGTTTTAAAAGTGATAAAAACATAATCTAACTTCGAATAACTTCGCTAATTTA
CGAGGTGAACGCGAAGTTTACATTAACTCCTTGAACCAGCATCGTTATTGATTGACTTGGTTAAGAAAATGGGACGACAATCAGAAGATTCCTAGTTATGCAAGAGAATAA
CTTTGAAATATTTCGTTGCATCGAGGTTTCCTCCGCGTAGCTTCAAAGTGTTTCGCTATTTATATATTGATGTGACTGTAACAGTCGGACGACCGCGTCAAGTTTATCCCA
TTATGCTCACAGCCATGTACAACTGGCAAGCAATAGTCGCTAGAACATCAGCTATACTGATCGTGGCAATACTGGTTTAAAATATCGCAGTCCAAAACTTCTTGACGTTTC

GCCATTTTGGACAACGGCGATATCATTATGACGGGCGTTAACACAAGTGGCGTTGATCCGTCTTGGCAGCTTCGTCCTAACTTCACATTTTCAGACCCGTGCAATAGCCAA
M T G VN T S GV D P S W QL R P N F T F S D P C N S Q

CAAGTGGACCAGTATCTAGCCATGACTCTCGGCCCTCGTCAAGTGGCGTGGAGTAAACTTCTTCCGATGACCGTCATCTATTCGCTGATCTTTGTCAGCGGCCTGGTAGGA
Q vb QY L A MTULGPRQV AW SsS KL L P M

AACCTTTCGACGTGCATTGTGATAGTACAGAATCCACATATGCACACAGCCACCAATTACTACCTCTTCAACCTAGCCGTCTCCGATCTGCTCACGCTCGTTTTCGGTCTT

O N P oH N ETATNY Y DNSINICENVSEDNCETCENGI
LPNLAVSDLLTLVEGL

CCGAATGATCTGGTGACCTACTGGCGTCAATATCCGTACGCGTTTGGCTCAACGTTCTGCTCAGTTCGCAATCTTGTCGCCGAGATGACAAGTAACACTTCGGTCTTGACC

AR oL
—

ATAGTGGCCTTCACTCTCGAAAGGTACCTGGCCATTTGTCATCCACTGTATAAGCACAAAATGTCGAATCAACTACCACGGGTATTGAAAATCCTTACCATTGTCTGGCTT

CH P LYK GHKMS N O ESNREVECEKNCEA
I —

ATTGCATTCGTGTCTGCGTTGCCATTTGCTGCCCGTAGTGGACTTCGATATGAGTTTGTAAATGACATCCAACTAGATGACTCGGCATTTTGTATCGTGCAGGGATCCGAC
AR S G L R Y E F VN DI QL D D S A F C I V Q G S D

AGCGTGAACATAGCGCTTTTTGTCGGCTCCACCGTGACCTTCTTCATTTTGCCAATGATCTTTATTATAATATTGTATATGAGAATAGGTTTTAAGTTACGGCGATCCACT

T W

TCGTACAAAAGCGCGTATCAAGCAAGTCTTAAAGAGTCGTTATCTTCGGGAGAAACAATGAAACCTGGAACAACTACGAGTGAACCTGTAAGGAAATTTTCGCTCATTAAT
s ' Y K s A Y Q A S L K E S L S S G ETMI K P G T T T S E P V R K F S L I N

GGCACTCGACAACAACAACATCATCTGTCAAGTTCGCGAAAAATTATTAAACTTCTCGTGTGTGTTGTAATAATATTTTTCATCTGTTACGCTCCTTACCACGGACAACGA

GTROOOEHETLSSSSREKIIKLLDYCY v IS s seon:

CTGATGTACGCTTATGGGACTCATATCGGATGGACACATAGGTTACGAGCGCTCAATGAAGAACTCTTTTATATCGCTGGATGCCTCTACTTTGTGAACTGTACCATAAAT

H I G W THURTULIRATLNETETLTFYIAGTCTL Y F VN C T IN

CCGATTCTATATAACGTCATCTCCAAGAAGTACCGCGCCGCTTTTAAGCATACGTTGTGCCGTTGTTGTGGGCTACGCGCTACTTCCACCTATTCCCAAGGAGATCATCGC
T L ¢ R CCG L R AT s T Y S Q G D H R

CCCTCGTACTCTTCGCTCGGGATGTCCAATCAACAGCGGGCATTGGAGCGTAAACGCTACTCTGAAGGCAACCTGGTATCTGTCGGCTCGATGAAGTTCGATTTGGCCCTG
P s Yy s s L G M SN OQ QR ALEIRI KU RY S EGNILV s V G S M K F DL A L
CCAGTGCCTCTAACGCATTCGGGCTCGGTAATGGTTGGCGACCCGATGGCCAGGGTACACGCAGTAGACGCTGGCCCGTTAGTCAGCCGCGCGAGTCTCATCCAGAAAACA
p v PpPL TH S G S VMV GDPMAIRV HAV DA AGU®PILV S RAS L I Q KT
AACCACATAGCTACATGTTTGCCGAACGATTCATCAATGGTCCCTCACGTACCGATTCACCATACGACAACATGCAATCCTTGTACTACGACGAGAACTTCACCGGTTGCC
N H I A T C L P N D S S MV P HV P I HH T T TCNU®PCT T TR T S P V A

CTTAGGAGTCTCTTGAGACGTAATCGCTCGGTGTCAATGCGATCTACAGTGACGTTTCTGGACACACCGTCAATCAAAGGCTGTATTCGTGATCCAAGCATCTGGTGCATA
L R S L L RURNIRS VS MR s TV TF L D TP S I K GCC I R D P S I W C I
GAAGAAGTCGGTTGCGATGGCCGAAGTCAAGAGGTCGGCTGAGCTGTAGACCAGTTTACTCGCTACTTCACTGGAATTTGCACGATGGCGCGGCAGTCGGAGATCTCTCTT

EE V G C D G R S Q E V G *
TTCACGCTGTCTAAAATCCGCCGAGCTCCAGCGGGCCTTGCCGGATAATGGGGCAGGCACACCTGAGGGAAGTAAAAAAAAGAACCAGTCAAGGAACGGGACACAGCGGAC
ATGTGTTCGATGGTTGGTCGATGGGTACATGGCTATCGCAAGCGTGTAATTGAGCGGAAGGAGGAAAAAGCTATTTTGAAGTAATTTTTCAAATGAATCCTTTATCCCAAA
GGAAATCCCAGAACCTCGCCCTCACAAAACAAGCTTGCCCAGGTCTTTTTAACCGCAGAAATGGAAGTGCTGTTTGTTAAGGTTTTCGAACATCTCAGCGTATCAGAATGA
AATATCCCGAAAGACGTTCCGTGCAGTGGCATGCTGTCATGCAGTTATGTAACACTATCTATGTTCTAAGCTCTTCAGCTTCGACCGAAAATTGGCAGAATGACAAGCCCA
CTGATCAACGTGGCTTGAAACTTCTGAACGTGCACTTCTACCAAATAAACAACTGAAAGAGAAAGACGAGTTCGATATTTATCTTAACGAATCAACTGAAGTGAATAGTCG
AAACTGTGATGTTGAGGATCTCGCGAGCTCTTATATATATATATATATATAGATATGCGAAATGAGCGATCAATATCTTCAGGTGTGATTTGATAAAAATTGAATTTATTA
TGTACATTTGTCGATGTATGATATCGCAATGGAGCCATTTTTCTTACCGCTGATAGTACGCCACATTTCTCAAGTCGATGTTCTTGTCGTAAGACGCTCGTCTTGTGCTTA
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AATCGAAACTTAGAAGCACATACACAACAAGCTTCCATGTGGCGAACAAACATTCTATCGTTCCGGAATTATCTGCTCGACTCGAAAATTGACTGGGCGATATACAGCCTA
ATACTATAAATATTTTAAATAATAAAGAAAGTTAGTGAATTTATTGCCATTCTAATTAAGTAAAATCAAATATAAACTGGGCAAAATATACAGAACCGGAAAGTAGTATAG
AGCAAGAGATATCGAACAGCAAAAAAAAAACGTGATAAATTCCTATAGAAATGGATATATACACCGAATGAATGTACATATATGTA

V. jacobsoni

CCGCAACTAGAAAGCGGCTGTTCAGAACTTGAAGGATACAGAAAATTTCATGTTGGCTTTGAAGCAGCTGAGTGCTACCAAATGACGTATTTTAACCAGGAACAACTTCGA

ATGGGACATGAGCTTCTTTAGTTAACTGAACCGTGTCTGCCGTCAGAAAGAAGCCCGGACGTATAATGTGGAAAAGTAATTCAACAAATAACAGTGACTGTAAAAATGCTG
ATCATTGTTAACCGTTTTAAAAGTGATAAAAACATAATCTAACTTCGAATAACTTCGCTAATTTACGAGGTGAACGCGAAGTTTACATTAACTCCTTGAACCAGCATCGTT
ATTGATTGACTTGGTTAAGAAAATGGGACGACAATCAGAAGATTCCTAGTTATGCAAGAGAATAACTTCGAAATATTTCGTTGCATCGAGGTTTCCTCCGCGTAGCTTCAA
AGTGTTTCGCTATTTATATATTGATGTGACTGTAACAGTCGGACGACCGCGTCAAGTTTATCCCATTATGCTCACAGCCATGTACAACTGGCAAGCAATAGTCGCTAGAAC
ATCAGCTATACTGATCGTGGCAATACTGGTTTAAAATATCGCAGTCC

AAAACTTCTTGACGTTTCGCCATTTTGGACAACGGCGATATCATTATGACGGGCGTTAACACAAGTGGCGTTGATCCGTCTTGGCAGCTTCGTCCTAACTTCACATTTTCA
M T GV N T S GV D P S W Q L R P N F T F S

GACCCGTGCAATAGCCAACAAGTGGACCAGTATCTAGCCATGACTCTCGGCCCTCGTCAAGTGGCGTGGAGTAAACTTCTTCCGATGACCGTCATCTATTCGCTGATCTTT

D P CDNSOQOQUVDOQYTULAMTTULG?PURZ QVAWSZ KTULL P MEWV I ¥ S L IE
———

GTCAGCGGCCTGGTAGGAAACCTTTCGACGTGCATTGTGATAGTACAGAATCCACATATGCACACAGCCACCAATTACTACCTCTTCAACCTAGCCGTCTCCGATCTGCTC

TSIV NENSIECIEEY o v P & M B T A T N v v DSNNIGESIDNENE
I

ACGCTCGTTTTCGGTCTTCCGAATGATCTGGTGACCTACTGGCGTCAATATCCGTACGCGTTTGGCTCAACGTTCTGCTCAGTTCGCAATCTTGTCGCCGAGATGACAAGT

EOENCENENNDNENEY ¢« R O Y P Y A F G S T F C S vV RN LV SESHMEENS
N —

AACACTTCGGTCTTGACCATAGTGGCCTTCACTCTCGAAAGGTACCTGGCCATTTGTCATCCACTGTATAAGCACAAAATGTCGAATCAACTACCACGGGTATTGAAAATC

R R W e, < ¢ e x ¢ oAys s v o DN
I — I

CTTACCATTGTCTGGCTTATTGCATTCGTGTCTGCGTTGCCATTTGCTGCCCGTAGTGGACTTCGATATGAGTTTGTAAATGACATCCAACTAGATGACTCGGCATTTTGT

BN ANENVSIANEMEMENE A R S G L R Y E F VN D I QLDDSAFEC
LT 1 VWLIAFYVSALEFES.

ATCGTGCAGGGATCCGACAGCGTGAACATAGCGCTTTTTGTCGGCTCCACCGTGACCTTCTTCATTTTGCCAATGATCTTTATTATAATATTGTATATGAGAATAGGTTTT

I v.o 6 s b s v N INANEIEIVICESIIIVETIENENTNEIPIMITIENTNEIENENY 1 R T G F

AAGTTACGGCGATCCACTTCGTACAAAAGCGCGTATCAAGCAAGTCTTAAAGAGTCGTTATCTTCGGGAGAAACAATGAAACCTGGAACAACTACGAGTGAACCTGTAAGG
K L R R S TS Y K S A Y Q A sS L K E S L s S GG E TMI K P G T T T S E P V R

1

AAATTTTCGCTCATTAATGGCACTCGACAACAACAACATCATCTGTCAAGTTCGCGAAAAATTATTAAACTTCTCGTGTGTGTTGTAATAATATTTTTCATCTGTTACGCT

K F s L I N G TR Q Q Q H H L S s s R K I I KULILV CV Vv I EIFE I Y4

CCTTACCACGGACAACGACTGATGTACGCTTATGGGACTCATATCGGATGGACACATAGGTTACGAGCGCTCAATGAAGAACTCTTTTATATCGCTGGATGCCTCTACTTT

BNEENCHONRNENMEANENGE £ I G W T B R L R AL NEGELFYIAGLC LYF

GTGAACTGTACCATAAATCCGATTCTATATAACGTCATCTCCAAGAAGTACCGCGCCGCTTTTAAGCATACGTTGTGCCGTTGTTGTGGGCTACGCGCTACTTCCACCTAT

Yy N c T I NPT LYNVISKEKYRABMEKLEH

TCCCAAGGAGATCATCGCCTCTCGTACTCTTCGCTCGGGATGTCCAATCAACAGCGGGCATTGGAGCGTAAACGCTACTCTGAAGGCAACCTGGTATCTGTCGGCTCGATG
s ¢ G bHRL S Y s S L GM SN Q QR AL EWIRI KW RY S E GNTILV S V G S M
AAGTTCGATTTGGCCCTGCCAGTGCCTCTAACGCATTCGGGCTCGGTAATGGTTGGCGACCCGATGGCCAGGGTACACGCAGTAGACGCTGGCCCGTTAGTCAGCCGCGCG
K P DL AL PV PL THS G S VMV D PMAWRV HAV DAGUP L V S R A
AGTCTCATCCAGAAAACAAACCACATAGCTACATGTTTGCCGAACGATTCATCAATGGTCCCTCACGTACCGATTCACCATACGACAACATGCAATCCTTGTACTACGACG
s L 1 9 K T N H I A T CL P ND S s MV P H V P I HH T T T CN P C T T T

AGAACTTCACCGGTTGCCCTTAGGAGTCTCTTGAGACGTAATCGCTCGGTGTCAATGCGATCTACAGTGACGTTTCTGGACACACCGTCAATCAAAGGCTGTATTCGTGAT
R T s p V AL R S L L RIRNI RSV S MR s TV TVF L DT P S I K G C I R D
CCAAGCATCTGGTGCATAGAAGAAGTCGGTTGCGATGGCCGAAGTCAAGAGGTCGGCTGAGCTGTAGACCAGTTTACTCGCTACTTCACTGGAATTTGCACGATGGCGCGG

p s 1 w C I E E V G C D G R S Q E V G *
CAGTCAGAGATCTCTCTTTTCACGCTGTCTAAAATCCGCCGAGCTCCAGCGGGCCTTGCCGGATAATGGGGCAGGCACACCTGAGGGAAGTAAAAAAAAGAACCAGTCAAG
GAACGGGACACAGCGGACATGTGTTCGATGGTTGGTCGATGGGTACATGGCTATCGCAAGCGTGTAATTGAGCGGAAGGAGGAAAAAGCTATTTTGAAGTAATTTTTCAAA
TGAATCCTTTATCCCAAAGGAAATCCCAGAACCTCGCCCTCACAAAACAAGCTTGCCCAGGTCTTTTTAACCGCAGAAATGGAAGTGCTGTTTGTTAAGGTTTTCGAACAT
CTCAGCGTATCAGAATGAAATATCCCGAAAGACGTTCCGTGCAGTGGCATGCTGTCATGCAGTTATGTAACACTATCTATGTTCTAAGCTGTTCAGCTTCGACCGAAAATT
GGCAGAATGACAAGCCCACTGATCAACGTGGCTTGAAACTTCTGAACGTGCACTTCTACCAAATAAATAACTGAAAGAGAAAGACGAGTTCGATATTTATCTTAACGAATC
AACTGAAGTGAATAGTCGAAACTGTGATGTTGAGGATCTCGCGAGCTCTTATATATATATATATATAGATATGCGAAATGAGCGATCAATATCTTCAGGTGTGATTTGATA
AAAATTGAATTTATTATGTACATTTGTCGATGTATGATATCGCAATGGAGCCATTTTTCTTACCGCTGATAGTACGCCACATTTCTCAAGTCGATGTTCTTGTCGTAAGAC
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GCTCGTCTTGTGCTTAACTCGAAACTTAGAAGCACATACACAACAAGCTTCCATGTGGCGAACAAACATTCTATCGTTCCGGAATTATCTGCTCGACTCGAAAATTGACTG
GGCGACATACAGCCTAATACTATAAATATTTTAAATAATAAAGAAAGTTAGTGAATTTATTGCCATTCTAATTAAGTAAAATCAAATATAAACTGGGCAAAATATACAGAA
CCGGAAAGGAGTATAGAGCAAGAGATATCGAACAGCAAAAAAARAACGTGATAAATTCCTATAGAAATGGATATATACACCGAATGAATGTACATATGTATGGCAAGACGAC
AAATAAAAACAATATAAACAAAGGTA

B) Multiple Sequence Alignment

destructor GVNT G DP s PCN _________________ DO
Jjacobsoni GVNT G DP s pCN _________________ DO
scapularis  ————=———————-- MEDLSAAAAA SIiDD A ---------------- THRE
melanogaster MNSSEDPTEREINAR TNTEDTL AT S| SPDPSHGFGEEDYACGTENCSPKE
mellifera = ——--——---—------ MNVSE YGN SDEL-———==—==—=—————————

MO NSE

destructor
jacobsoni
scapularis
melanogaster
mellifera

PONSE

destructor
jacobsoni

scapularis \ER YA TF{H P e
melanogaster ER.LAICHPLHLYA
mellifera

> O NS S

destructor
jacobsoni
scapularis
melanogaster
mellifera

PONSE

-LKENMP
destructor NERA] ISYINS A Y@ASTLKESLSSGETMKPGTT
jacobsoni Nps ISYINS A Y@ASTKESLSSGETMKPGTT
scapularis SIEP
melanogaster E 'SRENQEL V@QG ________________
mellifera OSDLAENVE———————————————————

Gl
TislEe

VI/MVNPSOW
KNV-—

NN

destructor TSEPVRKFESL NGTRQQQHH SSS
jacobsoni TSEPVRKFSL NGTRQQQHH SSS
scapularis  —-———————————- €PGEAR H———E
melanogaster —----—————---- TNNRETRNSQOMR
mellifera  --—--—-- GY[HEETK@V S - -}

> YOS

jacobsoni THIN RIE\A FKEEIT LCRCOGIVNNERYS(6/G
scapularis GUgT CEv@AcCLyY VAT NPT LYREMSK v RialA F I I LS
melanogaster —-DNYLD AL BT AGERY vVECTENP THYEVMSREY RYA FRITI T C o €
mellifera B A A G O T,y VIS T TN P T LYNVMSIK Y RINA FKIE T C R (" S

destructor T R NANENHINAONGCET RATSTY[S QE
Gi
T

POSSS
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Figure 3.17 A) Gene structure for CAPA receptor sequence in V. destructor and V.
jacobsoni is shown. The 7 Transmembrane helixes are indicated by blue color highlighting
and underlining. B) Multiple sequence alignment of CAPA receptor from various
orthologous species across Phylum Arthropoda.
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Myosuppressin receptor

A) Gene structure

V. destructor

AAATAACCTGTTGGTTATAAGAAGACAAAAAAAGCCGAGCTAATATCTAAGATGCCTTCCGAAAAGTAACATCTATATTGTCTCATTATTTTCTGGTTCAACTGACCCTAT
CACATATATCGCGTCAAGTAACGAGAGAAGTAGCGGACCATAAAGTACTGAAAATTGAAGGTTCAAAAACATCGCTCAATGTGGTTACGTAGCCACCAGTCAGGAGCAGAA
ATATAAAATAACATAGGGAAATACCATATAGTACGAAAATAACTTTTTTCAAGTCAATTACCCAATGTTTTTTGAAAAACCGAGATGATCTAATTAGTCATTGCGAGTGAA
AATTCTACGTAGCTGATACATACTTTTCGCATCCTAACACATTAAGTGGACTTGCTTATGCAGTAATTTCCGTGGATTGCCTTTTACAGTTCTATTCAAGATCACTAAAAA
AACATCTCGTGAAACATAGTGGTGAAAAACAGATGAAACTGGTCTGTAGCTGCTTTTGCGCGTCTGCTGTGTCGTCGGCTGCTGCGGGTGATTGGATACGTTTGTGTGTGT

ACGGGTGCGCCGGTTCGTGAATATCAGATATTATTTATCAAATAAGAATTAAGGTGTATGTCTTAATGAAAAATCAATCAATGAGTGGCCAGCGTATGAATATGTAAGTAA

ATTCCAGATTTGTGTGTTCAGACAATTTTGGACTTGAGATCATGACGAAGTTCACAGTATCGTATCGGAACAGTGTGCTTCTACTCAAGCAGCCTTTCAAGCTTTCAACGG
ACAGTCTGCTTTCCGACACCGAAGAGAACACGTTTACAGGCTCTCTACGTTCAGTGCCATTTATCTGAAACGTACTCAAGCAAGCCTTTGTTACAGCGTTGCGCTTTTGGA
AAAGGATTTTAGTCTAACACTCTTCAGGTTCTACCCAAGCGACGTAAACTTAAGAAATTTTTGAATTTTCGAATGACAGTGTTCCGCAAGGAGTTGATCGCTAGTAGACGG
AATCATTTAGTTTAACACACTACAGAACGTATTTTATGGACAACAAGAAAATTAAAGTCGTGTCATGGAGAGACCGTAATAAAAAATGTAAACGTGCTACGTCCCTTAAAA
GCATCTGACATCACGACAAAATGTACGTCGGGGTAGATGTAAGTAATGCTCAGCAAAAGTACATATTTCAAGGCCTCCGCGTGCAGATGCGTATGTAACCGTAAGTAAAGG
ACCGCCCAAAATATAGCAGGTGCGCCGCTACCTATTAGGTTTTTATTGTGGGCTATCATAGCAGACTTACCAACAGAAGGCCACACTGTTGTCGTGCTCCTGGTCCATGGT
GGTGTCCCACGCTCATCACTTAGTGCGGCCTCCTCCGCCACGCAGTCTCTTGTATGGAAAACGCTACTTATGCCAACAATGTCGCATGGTCAAATCGTAATGATAACTTGA

M E N A T Y A NNV A W S N R N D N L
GTTCAGCGACTGGTTCGAGCGGTGGTCGCGGAGGCAGTGGCGAGGCAGTCGGAAGGGCAGATGTGGACGGCGGCCTCGGTGGCTTGCAGGGGGTCCTGGACCCCATGGCCT
s s AT G S s G GG R GG G S GGEAV GGRADVDGGUL GGG L Q G V L D P M A

ACAATTTTGAAAGCGACGAATTCAGTAGCTTTAACAACACGTCGTCCACTATTTCTCCCTCAGCTTCAGGAGAACGCATCGTATCTGACGACTGGTCCGCTTGGTATATAC
Yy N F E S D EF S S F NNT s sSs T I S P S A S G E R I V S DD W S A W Y I
ATAACGTGCATGGCTGGCTGTCATTGGCCGTATGTGTGTTCGGCATCTTGGCCAACATCCTCAACGTTGTGGTACTATCGCGAAAAAACATGATATCGCCTACAAATGCGA
H N VW H G W L S L AV CV F 6 I L A NTI L NV V V L S RKNWMTI S P T N A

TTTTAATTGGGTTAGCTGTGGCCGACATGCTTGTCATGTGCTTCTACCTGCCGTACGCAATACTCGAGTTCGTGCAGCAGAAGGACAATGACTGCATCTTGGACGATGTTC
I LI 6 L AV A DMLV MCVF YL P Y AILEVFV Q Q KDNDTCTIUL DDV

CGGTGGCATGCCGCTCGTATGCCGCCATTGTGTACACGTTAGTTTGTTCCAACGCCACCGTCGTTTTTCACACTGTCTCAACGTGGCTGACTGTGGCACTGGCCGTATGGC
PV A CR S Y A AI VYT L V C S NATV V F HT VS T WL TV A L AV W

GATGGATGGCCGTAACATTTCCTGGTCAGACGCGTAATGTGTGTTCGATGCATCGTGCGCAAATCACCATCGGTAGCACGTACGTGGGCACAGCCATCGCTTGTATACCCA
R WMAV T F P G Q T RNV C s M HRAQTI T I GS T Y V GT ATI A C I P

ACTATATAACATTCACGGTTCATGAAGTAATCGCTAAGAGCCGCATTGATGGCCAGCCGGTCGTATCATATAAAGTAGACTTCACTGTAGTTAGCCATTTTGAGTCTATTC
N vy I T F T v H E Vv I A K s R I D G Q P V V s Y K V D F T V V S H F E s I
e —

GAAAATTTAATTTCTGGATGTACAGCGTGCTCATGAAACTGGTACCTTGCGTGGCGCTCACCATGCTGTCGATGGCGCTGGTGCGTGCCCTTTGTGAAGCCGATGAACGGC
R K F N F WM Y s VL M K L VP CV AL T ML SMALVRATLTCEA ADE R

GTCGTCGGCTTAAGGCCCGACCTAACAGTCAGGCGGGCGCTGCCAGTGGCGCCAGGTCAATGGAACCTCCCTCTGCCAATCAGCGCTCCTCAGACCGTACAACGCGCATGC
R R R L K AR PN S QAGAASGA AR S ME PP S ANOQIR S S DR T T R M

—
TACTCGCAGTGCTGTTACTCTTCCTCATCACAGAGTTTCCCGCCGGAATTCTGTCGCTGCTGTCCGGTATTTTAGGAGACTCGTTTTTCGAGAGATACTATCTGCGTGTTG
L LA VL L L F L I TEVF PAGTIL S L L S G I L G D S F F ER Y Y L R V

GCGACATCCTTGACATCTTGGCGCTCTTCAACAGCTCCGTAAACTTCATTCTTTACTGTTCTATGAGTCGGCAATTTCGTAAAACGTTCGCGCTACTTTTCACACCACGCT
66 b I L DI LALVFN S S VNTFIILY CSMSRQUF R KT FAULTLTF T P R

GGCTGCAGCACTGGGCCCCAGTTATGGCCACAGAGGCCAACGCGACCATAGCTACGACCTGCGTATAGCTCAAGTTGAAGCAGGGCGGGCCCCGCGCCTCCGCCAGCGLGL
W L Q H WA PV MATEA AN ATTIATT C V *
AACAAATCAAAGTCGAAACAAAAATCTATAAAGAACAAAGGCTAAATAAATGACAGACATCTTTGCCTAGCAGACATTGCTTGATCCTTCCTGCTCCCAATAATCGAAATT
TGATAAAACAGCCACTACTTACTCATTTGAATCGTAAACATATGTATAGTAAACAGTTTTATGCCTCCATATTAATACGAAAAGCGTGTCCGCAATTCGTTTTGGTAATAT
CATAGCGGTTCGTTTTCATTTTATATGATGATATTTAGTGATATAAATACAATGAATACGTACGCTCGA

V. jacobsoni:

AGCCTGCGCTTATACAAGGTCACTAAGAAAAACCGTCTGCTTGAAGGAACCTTTCGTTAATTATACAAGGGACTGTTCACCGCAGGATCGGATCACTAGAGCTGCACAACA
ACCAGCAATCTTATGTTTTTTAAACCTTTTTTATGGATATAAAAGGTGGTTTTGAAAGCTGTTTACAAAATCGGAATCATACGCAATCAATAGAAATTTAAGAGGAACTCT
TAGGGAGGTAATCCCTGTATATGACAAATTTTTTTATACCGATCCTGATTGATCGTTACCAAACCAGAGTGAAAAAATGTACTATGCAGCGGATGAAGCAACGTTCAGAAT
ACAATAAGATAAATTATAACACCCGCGACACATCGTCCCATGGTAGCAAGACAAACCCTGTGAAARAGATGACCAAAACAGACAAATTAATTGTTTGCAGATAGTCCCTAA
ATGAATTCGATCATATGGCTGTCTATAGTACGTGTTACTATTCTCATTAGGTGATGCTGGTTGTCATCAAAAAAAAAACATATATGATATCAAGAAAAACAGATACGTTAA
CAATACTTGTATTGAATGATCCTCTAAAAATTAAAAAAATATCGTTTATTTAATCAAGTAATGGAAGATGCTAACGCTACGCATTTCTCCACAGTTTTGAAATATCTGGAC
TACCGCCTCATAACATACCTATTATCCTGATAAGAAGTAAAGACGCTTTTAGCTATTTCCAAGGATTTGTATTTCATCGCGATCAACTAATGCGCTTTCAGTTTCGTGTAA
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AATCTCTAAAATGTTACTTTAGCTGGTCGTAAATTGATCGCAGTAACTTAATCCCGATTTTTAATGCTTGACAACATCGCCGCAGTAGAATCTACAAGGCCGGCAAGGAAT
TATTTCAGCTATTGTATCATCAAATATATATATCTGTGGAATTTGTGTTTCGTGAACAAGTGTGCTCAACGCGTCTTTAATACGAAATAGGTGCAGGGCGAACCTTACGAG
TAGCCCAGTCATTAAAAGTTTGTCTTTCTGTTTGTCGGACTCAAATCAAGCTTTTCAAGCGATCGGATTGGACTAACTTTTCCAGGTCACTAGAGGCTTATTTTAAGCGAT
CTGCACCCCGCGGCATTTACAAACATCTGGGCGATCACCAACATCGTCTACGCTGATATATCATCACTTGCGTGAAAAAGTGTGCTTAACTTGTGCTACGTGGCAAACTGT
ATGGTTGAAGCAGCTATTAGGAAAAGCTCGTCGCTAGTTGACGACACCTTTATTATAGCCGGGTACAAAGAGTTATATTCGACCTACCTCGCGAGGCTTGTTACTGCTACC

CATCAATGGCCACAGARATTTTCAGAGCGATAAATGGCGTCCCATGAGAACARAATACACCCGATTCGTGTCCAGCCTTGARAACAACCAGCCACGAACTTGTATCGTATCG
GAACAGTGTGCTTCTACTCAAGCAGCCTTTCAAGCTTTCAACGGACAGTCTGCTTTCCGACACCGAAGAGAACACGTTTACAGGCTCTCTACGTTCAGTGCCATTTATCTG
AAACGTACTCAAGCAAGCCTTTGTTACAGCGTTGCGCTTTTGGAAAAGGATTTTAGTCTAACACTCTTCAGGTTCTACCCAAGCGACGTAAACTTAAGAAATTTTTGAATT
TTCGAATGACAGTGTTCCGCAAGGAGTTGATCGCTAGTAGACGGAATCATTTAGT TTAACACACTACAGAACGTATTTTATGGACAACAAGAAAAT TAAAGTCGTGTCATG
GAGAGACCGTAATAAAAAATGTAAACGTGCTACGTCCCTTAAAAGCATCTGACATCACGACAAAATGTACGTCGGGGTAGATGTAAGTAATGCTCAGCARAAAGTACATATT
TCAAGGCCTCCGCGTGCAGATGCGTATGTAACCGTAAGTAAAGGACCGCCCARAATATAGCAGGTGCACCGCTACCTATTAGGTTTTTATTGTGGGCTATCATAGCAGACT
TACCAACAGAAGGCCACACTGTTGTCGTGCTCCTGGTCCATGGTGGTGTCCCACGCTCATCACTTAGTGCGGCCTCCTCCGCCACGCAGTCTCTTGTATGGAAAACGCTAC
] M E N A T
TTATGCCAACAATGTCGCATGGTCAAATCGTAATGATAACTTGAGT TCAGCGGCTGGTTCGAGCGGTGGTCGCGGAGGCAGTGGCGAGGCAGTCGGAAGGGCAGATGTGGA
Y A NNV AW S NI RNUDN NTIL S SAAGS S S G GURGG S GEA AUV GZRATDV D
CGGCGGCCTCGGTGGCTTGCAGGGGGTCCTGGACCCCATGGCCTACAAT TTTGAAAGCGACGAATTCAGTAGCTTTAACAACACGTCGTCCACTATTTCTCCCTCAGCTTC
G G L G G6L QG VL DUPMAYNTFESDTETFS SSFNNTS S T I S P S A S

AGGAGAACGCATCGTATCTGACGACTGGTCCGCTTGGTATATACATAACGTGCATGGCTGGCTGTCATTGGCCGTATGTGTGTTCGGCATCTTGGCCAACATCCTCAACGT
G E R I VS DDW s A WY I HNWMHG WL S L A V CV F G I L A NI L N V

TGTGGTACTATCGCGAAAAAACATGATATCGCCTACAAATGCGATTTTAATTGGGTTAGCTGTGGCCGACATGCTTGTCATGTGCTTCTACCTGCCGTACGCAATACTCGA
vv<L.SsS R KNMTISsS P TN NATI L I GL AV ADWMTLVMCZ F Y L P Y A I L E

GTTCGTGCAGCAGAAGGACAATGACTGCATCTTGGACGATGTTCCGGTGGCATGCCGCTCGTATGCCGCCATTGTGTACACGTTAGTTTGTTCCAACGCCACCGTCGTTTT
F V9 9 K D NDCTI L DDV PV ACIRSYAATI VYT L V C S N ATV V F

TCACACTGTCTCAACGTGGCTGACTGTGGCACTGGCCGTATGGCGATGGATGGCCGTAACATTTCCTGGTCAGACGCGTAATGTGTGTTCGATGCATCGTGCGCARAATCAC
H T Vv S T w L T vV A L AV WR WMAV T F P G Q T RNV C S M HR A Q I T

CATCGGTAGCACGTACGTGGGCACAGCCATCGCTTGTATACCCAACTATATAACATTCACGGTTCATGAAGTAATCGCTAAGAGCCGCATTGATGGCCAGCCGGTCGTATC
I 6 s T Yy Vv G T A I A CTI PNY I T F T V HEV I AZKSURTIDGIOQ?P V V 8

ATATAAAGTAGACTTCACTGTAGTTAGCCATTTTGAGTCTATTCGAAAATTTAATTTCTGGATGTACAGCGTGCTCATGAAACTGGTACCTTGCGTGGCGCTCACCATGCT
Yy K v D F T VV S HF E S I R K FNFWMY S VL M KL VP CV A L T M L

GTCGATGGCGCTGGTGCGTGCCCTTTGTGAAGCCGATGAACGGCGTCGTCGGCTTAAGGCCCGACCTAACAGTCAGGCGGGCGCTGCCAGTGGCGCCAGGTCAATGGAACC
s M AL VvV R AL ¢ E A DZEWU RUZRIRIRILI KA ARUZPNSQAGA AR AS GAUR S ME P

TCCCTCTGCCAATCAGCGCTCCTCAGACCGTACAACGCGCATGCTACTCGCAGTGCTGTTACTCTTCCTCATCACAGAGTTTCCCGCCGGAATTCTGTCGCTGCTGTCCGG
P S A NQOQU R S S DU R T T RMILLAV L L L F L I T EF P A G I L S L L S G

TATTTTAGGAGACTCGTTTTTCGAGAGATACTATCTGCGTGTTGGCGACATCCTTGACATCTTGGCGCTCTTCAACAGCTCCGTAAACTTCATTCTTTACTGTTCTATGAG
i1 . 6 bs F F ERY Y L RV 66D I L DI L AL F N S S VN F I L Y C S M S

TCGGCAATTTCGTAAAACGTTCGCGCTACTTTTCACACCACGCTGGCTGCAGCACTGGGCCCCAGTTATGGCCACAGAGGCCAACGCGACCATAGCTACGACCTGCGTATA
R 9 F R K T FAUL L F T PRWL Q HWAUPVMA AT EA AN ATTIATTC V *
GCTCAAGTTGAAGCAGGGCGGGCCCCGCGCCTCCGCCAGCGCGCAACAAATCAAAGTCGAAACAAAAATCTATAAAGAACAAAGGCTAAATAAATGACAGACATCTTTGCC

TAGCAGACATTGCTTGATCCTTCCTGCTCCCAATAATCGAAATTTGATAAAACAGCCACTACTTACTCATTTGAATCGTAAACATATGTATAGTAAACAGTTTTATGCCTC
CATATTAATACGAAAAGCGTGTCCGCAATTCGTTTTGGTAATATCA

B) Multiple sequence alignment:

V. destructor NMAYNFESDES S|ZN - Nass| T RS Gl 51D DINISY2l Y IRHINMH GW L S TIVWVCME G T
V. jacobsoni NMAYNFESDES S|ZN - Nass| T RS Gl S1D DSyl Y IRHINMH GW L. S T,
D. melanogaster —--—-——-—-——-——-——-———-——-—-— MVEENMSQOIZHY CIE€T GiR— —|BIIAH TNMKY — Fisl€ FSLIVCIEGT
A. mellifera =  ——=—=——=——=——=-—-- MADENTRSEyYVeD I --sslgy sl MSE-isel] SR yeasge s
I. scapularis = ———— - - mm o m o
T. urticae

—  —— —  —
V. destructor QQEDNDCILDD AHVACK-
V. jacobsoni QQIDNDCILDD PVACE—
D. melanogaster LSVR-=—=——— IZRE QL
A. mellifera YR -———————— SRRETF
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~

scapularis
urticae

]

destructor
jacobsoni
melanogaster
mellifera
scapularis
urticae

AP USE

destructor
jacobsoni
melanogaster
mellifera
scapularis
urticae

SN USE

destructor
jacobsoni
melanogaster
mellifera
scapularis
urticae

HHMNDOSI

destructor
jacobsoni
melanogaster
mellifera
scapularis
urticae

ERAE SIS

destructor
jacobsoni
melanogaster
mellifera
scapularis
urticae

HANPUSE

destructor
jacobsoni
melanogaster
mellifera
scapularis
urticae

HHNDOS<I

SPTNEILTGLAVADMLVIENNYHP Y NleuNsr EEE et STRED
SPTNAILTGLAVADMLVMEMY M PER T (NNl EEr et PTHLY

LNIIVLTREN
LNIIVLTREN
[

NLAVIR RINIC SMBIR AT T T[€S)h
NLAVIR RINYC SMBIRAG T T T[€S)h
WLAVIR By g n
1A VIR ERIO v T FAML T
WLAVIR 1217C S MR ARGFA
LINYUST . S ETRER T E RS
I
GRS - N§ = 2K SRIDEOPE----- SYKVDE [ S EIEIEE iy
GTHSIASHRE - NN JRNVSIEN | AK SR T DEOPW————- SYKVDE [ S HIaEIEE 16y
VIV VSN VTANATE S TIBANEK T IAERN VTR YHEATALR RO - FRNATRL
FePiLEiRe- M WTEFR O L RSNEMT---NTTLMFRL I ETAENHDI -l E
T Clel 2N AGSLER--——--——--- 125 YKV D FSINBRRIANE)Ng 1 ¢
IRYAZ T3 C T PRl Y SPERTIG--—--—-———- E/ JLKNDKF

YSVLMKLVPCVALT
YSVLMKLVPCVALT

RALGEANRRRRLEERIZNN] A—————— ASGARSNMIY
RALGEANRRRRLEERIZN N A-—————— ASGARSNMIY

YSVLEKLEPCIRALT IBAC|- AANDMQOP-——-—- IVNESVT
YS KLEPCEYLT K FEK----—-- KKSCIRA- -
I}y SVLMKLVPCVALTELSLELERWYLME ARARKR R TIRINEEISIENIS R ikttt SEDES-———

PS-—--- EWORIES DR TTRMLLAVLLLFLBTEF PEGI LELLS[€1 LGDEE FliRh
PS--——- (O REIS DR TTRMLLAVLLLFLETEF PG LELLSET LGDSF FlaiRN
eI R IR(Ol DR T TRMLLAVLLLFL LOC]
——————— 0RO DR T TIMLLAVLLLFL| KAC]

————————————— DRTTRMLLAVLLLET]

NFILYCSMSROFRKTEFALLF ittt TPRWLE
NEFILYCSMSROFRKTFALLE ikttt TPRWL@

AN
RE A\ N
LIg SOHPEE

NFILYCSMSROFRETFALLFEEtEts QPRI RJIGG
NFILYCEMSROFRKTFL Fet e CKEIN T SK ) E/GKE TCHloN
NFHILYCSMSROFRKIAFANL FREEEEeE N1 AKEFE TTEONY SHY -

§COIGDNEE@DI LASRENV K SIHVEAYR

Figure 3.18 A) Gene structure for Myosuppressin receptor sequence in V. destructor and V.
jacobsoni is shown. The 7 Transmembrane helixes are indicated by blue color highlighting
and underlining. B) Multiple sequence alignment of myosuppressin receptor from various
orthologous species across Phylum Arthropoda.
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Allatostatin B receptor

A) Gene structure

V. destructor

CTACAGTGTTAGACGGTGACGACAATGTCGATGGCTACGACGACCCTATAGCCCCTCGCACGTTGGAGAACGGGTCTGCTAGGCAGGATAGGTGAAGAGACCAAAAATAGT
TTCCCCACTGAGTGGCTACTCCAGCCAGGCGACGTTTTGCAGTCGAACCTACAAGGCAACCCACTAACCAAAGGTTCGCGGAAGGTAACACAGCTCACTAGACGAGAAGAC
GAAAAGAGCGAGAACGCATGCGAATGGGCGATGGAAAGAAGTGGCAAGCCTGTAAAAGTCCCTTAAAGTGGGTTTAAACAGCCAGTTCGGTAGCATCTTTTGTGCCCTTCA

GCTCGGTTCGTCATTACGACCTTATCCAACGGACCAAAATGGCCGATCTTAAGCCCGCTGAGGTCGACATGTGCAAATTGCATTTCGAAATCTACGACACATTTGCTGAAG
M A DL K P A E V DMCK L HF E I Y DT F A E
GCAAGATGGACGCCGCCGACCTTGGCTCACTGATGCGCTCGCTAGACCTGCGCCCTACCGAGGCCATGATCGAAAAGGCCGGTGGATCGAAAAACCGCGGTGAGAAGAAAA
G K M DAADILGSLMURSL DL R©PTEA AMMTIUEIZ KA ASGS G S KNI R G E K K
TGACCGTCGAAGAGGTCATGCCCATCTACTCACAGCTCAAAAAGGAGAAGGATATGGGAACCCTTAACGACTTTATTGAGGGCCTGAAGGTTTACGACAAACTTGAAAACG
M T VvV EE VM P I Y S QL K KEKDMSGTULND FIEGUL K VY DK L E N
GTACCCTTATGGCTGCTGAGCTGACCCACGTGCTCCTCTCCCTCGGTGAAACGATGACGGATCGTGAAGTCGATGAAATCATGGCTGCCTGCTCCGGACCTCAGGACGAGG
G T L MAAZELTHVL L SL GE TMTD REVDETIMAATCGCSG P Q D E
ATGGTTTCAT CAAATACGAG@CTTCGC CAAGACCCTCTTGGCCGGTCCTTACCCTGAGAAGAAGTGAGC G(tAACTGTGAACTATAGTGAC GTGTATGATTACGACGTCA
D G F I K Y EHFAKTL L AG P Y P EI K KX AURTV N Y S DV Y D Y D V
AGGTAGGCGACGACAAGTGCGTCGTGTGTTCGGGTCGGAGTTGTAATAACTCTTTGTTCGTGAGTGTTTCGGAGCAAAAAAGTACGTGGCCGTCCGCCACGATGCACTCCG
K v DD KCVV CS GRS CNNSILFV SV S E QK s T WP S A T M H S
AAGAGATAATGGCCCTTGGGGATATTTCAGCTGTAAACTCGACGAATTCAATCGATGGAAACGCGAGTGATACGGGGCCTAATTACATTCTTGTGCACCCAGGCGTCAACG
E E I M AL G DI SAV NS TNS I DGNASDTGPNY I L V HP G V N
GGCCTCCACTAGTTTACGCGATGCCATTGTATGGCTACGCTATGCCTCCGTTGATGATTCTGACAATTGTTGCCAACACGTTTGTCGCAGTCGTACTGTCACAGCGTCATA

¢ e P L v Y AN BN A TEENY v L S o R A

TGATCACGCCGACCAATATTGTTCTGTTAGCGATGGCCGTATGCGACATGTTAGCTCTTACCTTTCCCGCGCCTTGGTTTTTCTATCTGTACACGATGGGCAATTACCACT

I

TAGCTCTTGGTCCATCCTCCTTATGTATTGCTTACCAAACCATGTGCGAAGTGCTTCCTAATGCGTTTCGCACAACTTCTATTTGGTTAACAGTGTTACTCGCGGTACAAC

LALGES S SSLCIAYOQTHMECEVLENAF RSNy
N e

GATACATTTACATCTGTCACCCCACAACGGCTCGAACCTTGTGCACAGTTCCGAACGTGTCGAAGACGATTGCGCTTATTACAGCTCTGGCCTTTGGCCATATGATACCAA

BENENE 1 c B e T T AR T L C DEVISINIVESIEIII AT AN S AE NG 1 ©
N

AGTTTTTTGATGAGATCTTCTACGACGTCGTACTACCGATGGACGGCAAGGCGACAACGGTGTGTGCTCGGAAGATGGCACGTTGGTTAATTCTCTTCACCCCAGATGTCT
K ¥ F D E I F Y DV VL P MD G KATTV CAI R KMAIRWIL I L F T P D V

TCTACAACGTGTACTATACGTTCAAGATGGTATTCGTCAACCTGGTTCCCTGTATCGTGTTGGTTGCCCTTAATATTCTATTGTTCCGTGCCCTTCGCCGAGCCAAGGAAA

FYoN VoY YT F KEEIVEEIVNIEEVEENCN AN ENEENENE R R A K E

ACAAGAAGAAGCTACAGGAGAAAAACAAACAGGCAAGCAAACGAAGTCGTGATTCTCAAAGCACAACACTGATGCTAATTGTCGTCGTCACCGTGTTCCTTGCTACCGAAA

N K K KT ¢ E XK NZKOQASKRSRDS o s INEIEMIENEVIVEVETIVENTIANTNE

TCCCTTTGACAAGCGTTCTATTCGTGCATGCGTTACATAACAATGCGGTGATCTCTGTGGACTACGGCGTCTTGAATACTGTGGTAACCTTTGTTAACTTCTCATTAATGA

ENPNENTNSIVIE £ v B A L H N N AV I S v D ENCHNEEN e S

TGAGTTACCCCCTCAACTTCGCCATCTATTGCGGGATGAGCAAACAGTTCCGGAACACTTTTCGGGAGCTCTTCATCACGGGCTGGTTGCGTGGATCCGGGGAGCTTAGTA

M's'y P L NEA2~I YCGMSZ XKOQTFU RNTT FI RTETLTFTITGTW®WIULUZRGS G E L S

AAGCCCAGTTGATGAACACGCTCGAAACAACCATATAGATCAAGCCTTGCGATTTTCCCGTTCCAAGCAAAAGAAAAAAC

K A Q L M N T L E T T I *
GATGTCTTCAGGCCAAAAGCTGTTCATATGGGTTTCATTCGCAGTCTATCCTAGCCTTGTAACACGAATATTACTTAACTAAGGTAAAATGCGAGAGGCAGGTAGATGTGT
GCCTTAATTATGGATCTAGCCAAGTGAAATTGCCATCTAGGGGGTAGCTTCCTCGTTTCGAGACGGCTGACTCAATGCACTGGGGGGAGTTTAATGCGACTCCAACCATCC
ATGATCGACAACTGACCGTTACCCGCAAAGCCAAAATCGAAAGTTCCTTAGCTCGATAAGAAGTTGGACATATACTAATGAATTACGCCAATAATGAAATACAATCTGTCC
TATTAAAAATATCATCTTATATAATTTCGTATGAGATACGTTTTCGATTAATCATTGAGCTGAAGCCTGCGGCTGAATTTCATCATAACAGATAACACTCCAATCGTTCCC
TTGCATACATATGTAAATACACACATATACTAATTATAAAATTATCTACATAACAACTTTAATATAATTGCTATTAGTATTGCTTCAGTAATGTTTACATCTTAACATATT
GCTAATTGAGGATGACAGGGATGCCGTAGCAATGTCAAGTTAAAAAAAGGCTCGAGTGAAAAAAGTATTGAATACTTCGGTCACGGAAAAACGTGCGTCGGCCAGAGTAAT
TAAGTGCTTTATTAATAGTCGGAGAGTATTAGTGCTAGTTTAACCCTTAATTAACGTTTTCCAACGATTGTAACACAAAGAACGCGCGTAAATTACTACTAAATCAAAATT
GATTGCCAGTGCTGATCTGAGCGACCGCGGGACGAGTACCATATGGTCGATCAGTAGCATGGAACTCTAGCCATTGGGATACGTATGCCTGGTAGCACGAACTTAACACAC
GGGCCATGCGTGATAGAAATGTAACTAAGTGACGCCGTTCTGCATAAACGTTCTATCTTTAGTTCGAGTTTCGAAATTGTCCTATGGACAAAGACGAGTCTTCTGTTAGGT
GATTTCAGGATTACTTCATAAATAATAGTTAATTGACGCGACCAATAAGTGTATAAAGGGTATACCTTAAATATGATGTATTTTTGCACTTTGTCTGTGCCAATTTACTTA
AAATCGAAATAATGCCGCTAAGAGAAAGCTGGTCACAATGAGAGAGAGCGACCGACCGGTCCTATTGTATTTTATAGGGCATTGTACTGTATAACCATTAGATCGACAAAG
GACAATATGGGAAAGAAAGCACTATTATATTATGGCAGTCCTGACATCACGTCACTGTTGCTCTAGCACTGAACACACATGATGTTATATTTTTTCAGTTTTATATATATA
TATATACGTTCGAATAGCATAATCCTCTCACTTGTGCTACTTTAGGACACTCTTTATTAAGGACAACTCCGATTTTTCCCTATCAGTTGCAGGAAATGATTTCACTGACCA
ACATCGTAAGAAACGTCAAAAGGTCAGTACCCACTGGACCTGGGAATACTTGATTTCACTTTTTTATCAGCTTGCCACTATAATTATTAGTAAACAATGTGTAAGTAGARAA
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GAGTTACACTTTGGCTAATGAAATTCTGGTTTCTGTGATCTGTGCCAAAAATACTTATTTTTTTTTTCTATCTATTTCAAAGAACTAAAACGTTATCGCTGTTATCTGAAG
GTATGTGATGTGAAATCAGATATCACAACGGTGCAGCCTCTATACTCCCATAAGGAAAATGGGGACCGTTATTGGTTAGTAACGCGCGTAGATGCGGCATGATTAGTGTTT
TCTTCAGAAATTATGTGAGGACAATAACTGTGCTCTTCCTTGTTCTGTGGGCCTGTAAAGTAGCTCCTGGCGATTTCCTAAATTAAATAAACAAAGTACGGATTATGTTTG
TTGTTGCAAGACGATATGCTGAGTCTTAGCTGATCAACATTCATTCCGTAACTGTCAGGCTTTAGGACGTTGTTTGCAACATGCTTACGGATTTGCAAAAAAATGCTATCG
TTTACCCGTGCTTTGTTATGAAATTTTTGATGAAGCGGTGCTGTACGGTCACGGCACGATCTAAGTAGTTCGGTATGGACATAATTAGGCGATACGCTCTCAAATATTTGT
GGAAATCAATCGTCGTTTTTCTTTCCTAGCCCCCTAATCCGACCGGCGAAACAATGTAAATCGTCTAGCCGACCTGCGAAGGGTACGTCCAACGACACTTCACCCGCTGGT
ATTGGTAAATACCGCTTCCCTCTTCATGCGCTGCCCTGTTAACCGCTGTGAGCCGCAAAGGTTAGATACTGTTGGATTACGTGACAGGTAGATTTCCTGCAAGTCTTCATG
ATACGTTATCGTATTACGATGCATACAGTTGAAAGTAACAGCGTGAAAATACTGATATGAAATTAGTTCTGTGGACTAGAAGGCTCTTGTTTTGGTCATGCCATACTACAA
ATGCAAATTACATTAGACCAATATAAACTAAAATAGAAAAAAGGGAATCACCAACTATCAAAATAAACAGTAATATTTTTTAAAAACAACCCCGCTGTTTTGTCTCTAATT
TACATATGCCGATCATCGTTTCACCTTCTCGTCTTGTTTCAGACTCGATGTATCGCACGGATGCCGCTAGAAAAATGTTTTAGACTAAACAGAAGAATACAGAAACTTACT
TTTTGCATAGAAACTTGCTCTGGCTAAATATCAGCCCGCTCTTCAAACTGAAGACACACCGTCAAACCCTTATTTTCGGAGAAGTTGCTTTATTGTTTCCAATCGCTGCAT
TATACCGTAATACCAATAGCAGGCCGAAGGCTCGCTCGTTGTGACATCTAAATTATTGGCTGCTACTAATTGGGCCTTTAAAGCACAGGTAGTGCTGGTTGCGCCCGTACC
TGAAACAGATGTAAGCAAGTGATTTTAACAGATATCACTTGTGAAGAACACAAATATCATTTAGGCTTGCTTTTTTCGCGCCTTATCGCARAGAAGAGATTTTTTCTGTTC
TATTCGAAAAAATATTTTCGATAAATAACTAAATTCTGGAGTGGATTAAGTGCCGTGTATATA

V. jacobsoni

GCTAAATGCTAGTAGTTCCGGCACCTCGAAACATAATATAGCCGCCGATATCCAGTGGGGACCCAGACCCGGGTCATCACTTGCCAACACACTTGTGGACAGCGCATTTTC
CGTTGGGGACCTGTTTTTTGGATGAGCGCAGCAAAGTGTAGGAGAGACACGGCAAGGTTCGAACCCTGAAAGGAAATGCTTGCAAATATCGAAGGAATGGCAGTAATTTAA
GCAGAACGTGGACACGGCATACTGATTTCACGCCGGTTTAGACGTTCGGTCTGATGCGGCTTACCAGTTGAATTAAATTAGCAGCGTTTCTTTGTCCTACACGTCCCGATT
AAGGCACGCGTGGATTGATGCTTGGAGGAGAGGGTCTAGTTTAGAATAGTTTTCAGAATTTCTGAACCGAGTCAATGAACTGTGAACTATAGTGACGTGTATGATTACGAC
GTCAAGGTAGGCGACGACAAGTGCGTCGTGTGTTCGGGTCGGAGTTGTAATAACTCTTTGTTCGTGAGTGTTTCGGAGCAAAAAAGTACGTGGCCGTCCGCCACGATGCAC

M H

TCCGAAGAGATAATGGCCCTTGGGGATATTTCAGCTGTAAACTCGACGAATTCAATCGATGGAAACGCGAGTGATACGGGGCCTAATTACATTCTTGTGCACCCAGGCGTC

s E E I M AL G DI s AV NS TNS I D GNASDTG P NY I L V HZP G V
AACGGGCCTCCACTAGTTTACGCGATGCCATTGTATGGCTACGCTATGCCTCCGTTGATGATTCTGACAATTGTTGCCAACACGTTTGTCGCAGTCGTACTGTCACAGCGT
N G P P L VYAMPL Y G Y A M P P L M I L T I VANTF V A V V L S QR

CATATGATCACGCCGACCAATATTGTTCTGTTAGCGATGGCCGTATGCGACATGTTAGCTCTTACCTTTCCCGCGCCTTGGTTTTTCTATCTGTACACGATGGGCAATTAC
H M I T P TN I VL L A MAV CDMLALTF P AP W F F Y L Y T MG N Y

CACTTAGCTCTTGGTCCATCCTCCTTATGTATTGCTTACCAAACCATGTGCGAAGTGCTTCCTAATGCGTTTCGCACAACTTCTATTTGGTTAACAGTGTTACTCGCGGTA
H L A L G P S s L C I A Y Q TMT CEVL PNAZPFRTT S I WL T V L L AV

CAACGATACATTTACATCTGTCACCCCACAACGGCTCGAACCTTGTGCACAGTTCCGAACGTGTCGAAGACGATTGCGCTTATTACAGCTCTGGCCTTTGGCCATATGATA
R Y 1T Yy I ¢ H P T TAU R T L C TV PNV s KT I AL I TATL A F G H M I

CCAAAGTTTTTTGATGAGATCTTCTACGACGTCGTACTACCGATGGACGGCAAGGCGACAACGGTGTGTGCTCGGAAGATGGCACGTTGGTTAATTCTCTTCACCCCAGAT
P K F F D E I F Yy bpv v L P M D GZKXK AT T V CAIRIKMA AW RWUL I L F T P D
————————
GTCTTCTACAACGTGTACTATACGTTCAAGATGGTATTCGTCAACCTGGTTCCCTGTATCGTGTTGGTTGCCCTTAATATTCTATTGTTCCGTGCCCTTCGCCGAGCCAAG
v F Y NV Y Y T F KMV F V N L M P €C I VL VA L NI L L F R A L R R A K

GAAAACAAGAAGAAGCTACAGGAGAAAAACAAACAGGCAAGCAAACGAAGTCGTGATTCTCAAAGCACAACACTGATGCTAATTGTCGTCGTCACCGTGTTCCTTGCTACC
E N K K K L Q E X NKQQAS KR S RD s s TT™T1L ML I VV VWV T V F L A T

GAAATCCCTTTGACAAGCGTTCTATTCGTGCATGCGTTACATAACAATGCGGTGATCTCTGTGGACTACGGCGTCTTGAATACTGTGGTAACCTTTGTTAACTTCTCATT
E I P L T S VvV L F VvV H A L H N N AV I s Vv DY GV L N T V V I F V N F S L

AATGATGAGTTACCCCCTCAACTTCGCCATCTATTGCGGGATGAGCAAACAGTTCCGGAACACTTTTCGGGAGCTCTTCATCACGGGCTGGTTGCGTGGATCCGGGGAGCT
M M s Y P L N F A I ¥ €C 6 M S K QF RNTU FRETLUFTITGWL R G S G E L

TAGTAAAGCCCAGTTGATGAACACGCTCGAAACAACCATATAGATCAAGCCTTGCGATTTCCCCGTTCCAAGCAAAAGAAAAAACGATGTCTTCAGGCCAAAAGCTGTTCA
S K A Q L M N T L E T T I *

TATGGGTTTCATTCGCAGTCTATCCTAGCCTTGTAACACGAATATTACTTAACTAAGTTGCAGGAAATGATTTCACTGACCAACATCGTAAGAAACGTCAAAAGGTCAGTA
CCCACTGGACCTGGGAATACTTGATTTCACTTTTTTATCAGCTTGCCACTATAATTATTAGTAAACAATGTAGTAGAAAGAGTTACACTTTGGCTAATGAAATTCTGGTTT
CTGTGATCTGTGCCAAAAATACTTATTTTTTCTTCTATCTATTTCAAAGAACTAAAACGTTATCGCTGTTATCTGAAGGTATGTGATGTGAAATCAGATATCACAACGGTG
CAGCCTCTATACTCCCATAAGGAAAATGGGGACCGTTATTGGTTAGTAACGCGCGTAGATGCGGCATGATTAGTGTTTTCTTCAGAAATTATGTGAGGACAATAACTGTGC
TCTTCCTTGTTCTGTGGGCCTGTAAAGTAGCTCCTGGCGATTTCCTAAATTAAATAAACAAAGTACGGATTATGTTTGTTGTTGCAAGACGATATGCTGAGTCTTAGCTGA
TCAACATTCATTCCGTAACTGTCAGGCTTTAGGACGTTGTTTGCAACATGCTTACGGATTTGCAAAAAAATGCTATCGTTTACCCGTGCTTTGTTATGAAATTTTTGATGA
AGCGGTGCTGTACGGTCACGGCACGATCTAAGTAGTTCGGTATGGACATAATTAGGCGATACGCTCTCAAATATTTGTGGAAATCAATCGTCGTTTTTCTTTCCTAGCCCC
CTAATCCGACCGGCGAAACAATGTAAATCGTCTAGCCGACCTGCGAAGGGTACGTCCAACGACACTTCACCCGCTGGTATTGGTAAATACCGCTTCCCTCTTCATGCGCTG
TCCTGTTAACCGCTGTGAGCCGCAAAGGTTAGATACTGTTGGATTATGTGACAGGTAGATTTCCTGCAAGTCTTCATGATACGTTATCGTATTACGATGCATACAGTTGAA
AGTAACAGCGTGAAAATACTGATATGAAATTAGTTCTGTGGACTAGAAGGCTCTTGTTTTGGTCATGCCATACTACAAATGCAAATTACATTAGACCAATATAAACTAAAA
TAGAAAAAAGGGAATCACCAACTATCAAAATAAACAGTAATATTTTTTAAAAACAA

B) Multiple sequence alignment:

D. melanogaster ——————— - - m o MDNYT
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SSSan

s

SSAn»P

SN <SHHD>D

SSAn»P

SN <SHHD>D

SSAEEP

SSOnEP

mellifera
scapularis
urticae
destructor
jacobsoni

melanogaster
mellifera
scapularis
urticae
destructor
jacobsoni

melanogaster
mellifera
scapularis
urticae
destructor
jacobsoni

melanogaster
mellifera
scapularis
urticae
destructor
jacobsoni

melanogaster
mellifera
scapularis
urticae
destructor
jacobsoni

melanogaster
mellifera
scapularis
urticae
destructor
jacobsoni

melanogaster
mellifera
scapularis
urticae
destructor
jacobsoni

melanogaster
mellifera

—————————————— MTTALTIDVTDAYTLSNSNTSIYLNVSKSSSKLVAESLTSSSLSST
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KSSEFSSLIESSVTSNYKHDNQSEPVIINSE@ANYNNLNDLT-——-—--—-—-—————————————
KMTVEEVHMPIYSQLKKEKDMGTLNDFIE@LK/YDKLENGTLMAAELTHVLLSLGETMTDR

—————————————————————————————————————————————————— SSNLTNSQTN
EVDEIMAACSGPQDEDGFIKYEHFAKTLLAGPYPEKKXARTVNYSDVYDYDVKVGDDKCV

———————————————————————————— TN @E 1 PDYGYES DY PNFOOMVEGPCR
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N T
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VCSGRSCNNSLEVSVSEQKSTWPSATVHSEE IM
H§EEIM

NLTNR------ PLGYAMPRLL
YNVT-K-—-—-- GYfMPFLLINMTHIEN
WHPGIN-———--
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ssan

SSHEnED

SSAEEP

scapularis
urticae
destructor
jacobsoni

melanogaster
mellifera
scapularis
urticae
destructor
jacobsoni

melanogaster
mellifera
scapularis
urticae
destructor
jacobsoni
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Figure 3.19 A) Gene structure for Ast B receptor sequence in V. destructor and V. jacobsoni
is shown. The 7 Transmembrane helixes are indicated by blue color highlighting and
underlining. B) Multiple sequence alignment of All B receptor from various orthologous
species across Phylum Arthropoda
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Trissin receptor:

A) Gene structure

V. destructor:

GACTGAAGGAACCGACATGTAATTGTGAAATAAAAATGCTATGCCGCATCACAGGATCGCTGCTGAGCCACGGAAAGGATACGTGTACGACGGAAAGAACGTCATAGGCGC
GTACACATGAAAGTGAATACCGAAATAGTGACGCCAACAATCAATGCGATCGTGATTAAGGACAAGGGCTAACCCTGAGGAGAATACTGTGTACACTGTGAACAGGGGGCA
AAAAATCGCTGATGACGATATGAATGAGAGCCTTGTGAACGTTCAAAAACAACGCTGAGACAAATTGATGTGGCAGGTCAATAGCTGCAAGTGAGATCTTAATTCAGGACT
ATACATTTTCGTCAGTTAATCATGTAATAAAACCTTAAGCAAATCAGTATTAGACAAAACATGGATAAACAGTTAAGGCAGCATTATCAAGCATGACCTAGGAAGTACTTA

ACAAATGTGACGATGCTGTCGTGGTAATGGTGCGAAATTCiéCCAAAAGTGAGGTTAGCGGTCGTACGGCGCAGATCCTGGTGGAATTATAGATATGGCGTGATGTTCTGC

TGCATCATTGAGCTCGATCAGCTATTGTACGACGGGTTTTGATGTGCAACTGTTCGACGGCGGACGTGCTCGTCGCGGATGACTTCTCCGTGACAGGTGTGGAGATCAACG

M ¢ N C S TADV L VADDVF S VT G V E I N
CTTCAGCGAGCGGCGGTGCGTTCAGTGGAATCGCAACGGGAGCTGACGGAAGCACAGGCCAGGGAGCAGTAGGCTTGGTAGGAGGGGCAGACTCGAACGTTCTGTTCTCTC
A S A S G GAF S G I ATGADGSTGOQGAV GL V G GAD S N V L F S

CAGAGACAAGTCTCTGTCTTTTCATAGCCTACACATTTGTATTCTGTTGCTGCTTTTTCGGGAATCTATTGGTTATCCTGGTGGTGTGTCTGAACCGTCGAATGCGAACAA

PE T os L c CEEIEITEENCNCCENENCIN NG c L N R R M R T
LF I AYTFVECCCEFFGNDLYVILVY

CGACCAACTTCTTCCTGGTTAATCTAGCCATAGCCGATTTATGCGTGGGGACATTTTGTGTTTACCAAAACATATCGCTTTACCTGATGGAGAAATGGATTTTTGGTAACT

TCCTCTGCAAGATGTATCACTTCGTGCACGGCATGAGCTACACGGCATCAATACTCATCCTAACGGTTATTTCGGTCGAACGCTATCTTGCCATCTGTCACCCGATGTGGA

GTAAACGGGTGATCACATTAAACAGGTTACGAATCGTGGTTTGTTTCGTATGGCTTATCGCTGCGGCATATTCATCGCCGAAACTTATTATATACGGTGTCATTAGGTACG

v CFVWLIAMBAYSSPKLITIYGUIR

ACATCGAGGACCAGCCGGGAGAGTTGTGCGTCATGAGGCGCGAGCGAAAGTCGTCCTATCATCGCATGCACAAAATCTACGATCTTATCAATTTTATCGTCTGTTTTGTAG
p 1 ¢ D QP G EL CVMURIREWIRIE K S S Y HRMUHIK I Y D L

TCCCACTAGCTATTATTAGCGTTCTCTATACCTTCATTTGCTTGCGACTGTGGAAATCGCAGGATATGTTGCGCACAATACAGCCTAAAAATGAGACTGCAGACGGCAAAG

IS VG ENKSIONE v L R T I O P K N E T A D G K

CTACCCTTATTGCAACAGGTACAACGCTCAAAGGTGCTCAAGTGACACTGACGATTACCAATGATTCCCAGCAAGCGAGTCTTGACGACAAGGAGATCTCTCAGAGTATCG
A T L I A TG T T L K G A Q V TJL T I T ND S Q Q A S L D DI KE I s Q s I
GTAGCACTCTCGCCATTGAAAAAGGTCAACACGTACTGGCTACACCTACGCATTCCTCTCAAGTACATCGGGAGTCTCTTTCGGAATTGCCATCGTCACTCAGTCAGCCAT
G s T L A I E K G QH V L AT P THS S Q V HURE S L S EL P S S L S Q P

TAGCTCAGCAGGAAGTACAGGTCAACGGCAGAACACTCGTAATCACACCGCCTCCTACGTCATCCCGATCTTTGTCGCCGACATCATTGTCCCGTTTTCGATTTCGTTTCT
L A Q Q EV Q VN GUR TL VI TP ?P©PT S S R sSsS L S P T S L S R F R F R F
GCTCAGCGTCACTGTCGTTGAATCGACAGGTTTCACGAGATTCTCCTACAGTGACCGAGCATCGTATTCGTACGTCGTACGGCAGCAGCCAGCGTTCAAACGCATCAATCA
c s A S 9L S L NR QV S R D s Ppp TV TEUHI RTIIRTS Y G S S Q R S N A S I
CCATCCTTCGAGCACGCCGCAACGTTATTCGGTTGCTTGTGGTCGTCCTTTTATGCTTCGCCGCCTGTAATCTTCCCTTCCACGCACGTAAACTTTACCAGAACTGGGGCT
T I L. R A R R N V I R L L V

CATCGTATGACGGCGCCCGACTGCCGTACGTCGTCATGACAATGGTAACTCATCTTATTCTCTACCTGAATTCGGGTATCAATCCATTTATTTATGCGCTCTTTTCACGCA
s s Yy b 6 A R L P Y V VM T MV T H L

ATTTTCGTCAGTGTATGCGGGACGTGCTGCTATGCAGTATCCCAGCACTGAAGGGGAATACGACCACGGCGACGCAGCTTGGCACCTTTTCGACTAACGGTCACCTTTTCG
M R DV L L C s I P AL K GNT T TATOQL G T F S T N G H L F

ATGAACGGCGTCGAAGTCGTTTGAATCCAGACAAGCAAGAAACTCATCAGCCTTCACGAAGAACGAGTTTCACATCTCAGACATTTGTTTGTCGCAGGGGTTCCTCGGTCG
D ERIRIRSURILNUPDK Q E TH QP S RURT S F T S QT F V CR R G S S V
AAACGAATCGAACATCGAGAAGCAGCACTAAGAACTCATCTCAGAACGTTTAGTTGCTCATACGTAAGAACACTACAATAGCCTCGAGTAGCTTGTAAATAGGCATATCGT
E T N R T S R S S T K N S S Q N V *
TGCGTTGGAAAACATTTCGTCCAGTTACTTGATGGCATTCACTAGGCTGTGTAATATATTACTCATACAGAACTTAGCAGTAGATCGAGTATACGAATTGGCAATTTCTGC
TAAACTAATTAGGTAACCATGCCCTCCGAAGCTAAACAGGTCGTTGATTAGTTGAAGTTATGAAGTGCAAACAGAGAGGGAAAAAGAAAGCACAGGCAATGTATATATGTT
TGAAAAAACGACGGTGTTTTTTGACAGGGCCGTAAGCGTACAAGCTCGGTACACTTAACTGAACAGCCATCTGACTGATAATAAGTTACATATACGCTATAATTCCACAGT
CTGAAAATAGACATACAGTTACATATCTTAAAATGTGACTATTTACTCTAAGCTTTGCATTGTACACAATAGAAGATAAACAATTTTTTCATTTTCACTAAATTACACCTA
TATTCTAAATAGCTTTTTTAAACCTTATGTCCTTTTTAAACCTTAACATGTGACGACTGTCTTATAGCGTTTCTTGTTTTTATAGGTTTGTTTTTTCTTCTTTCAATTGGT
ATAGCGTTCGCTATAATTATGCAGCTTTAGGTTTGTGACAACGCTCATTTTCAGCACCCTTGTCGAGGGCTCCTATTATCAGTTGGCTGATGTTGAGTGCTAAGGCGCTAT
GTGTCGATTAAAATATCTTTATATAAAATGTAAAAAAGAAAACGATAATTCCATACAATATTATAACACAAACTCATAGTCTAGAACGCTAGGTCAACGGCACTGTTGAAA
ATAGCGGATATAGGAACTTTGCATGCGATCTGTATTGCAATGAAGACCTTCTCCGACCCGACAACACATCATATTCATTACCGTTTTTTTTGCATATGGCTCCCTCTCGTA
CCCTTTTAGAGTACATGCACATTTGGAATTAGGAAGAAAAATAAACTTTGATATTGCGCGTTAAAAAAATAGAGTAGATAACTTGGAAAAAATTGTCAGAAACGATCACCT
TTCTGGTGAATCAATATCTCGAGTCTCTTTCAGCTTTGCGAACTTTCCGTACAAGACACGGGGTGCAAGAATTGGCCATTTTGTCCCTGGTGCTAATTCCTCGTTTGTCAT
AAATACGTTTCGAATCAATGTTTCAAATCTCCGTGCTTACTGATTAATTTGGGTCTTCTCAACATGAATGTTATATTACCAGGTATATTTGCAACTCGCTTAGGTACTGTT
ACTGTCAATATAGCCAACCCGTCGCGATCGGATTTCGAGAACACTGATAACATAGTACGTACACAAAAAAGAAAAACAAAARAAAAAGGTTAACTGATATTAGCTAGGTTAG
ATAGGTTGGTGAAGGAATACAACGTCGACGCTGAAGTTAACCTAAATCGATTTGTTACAGTAAGCCACAAATATATTTTCATAGCCAATTGCTTCTGTAAGACGACCGTGT
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CAGCGGGCATCTGTTCTTCAAAGTGTGCTTCGCGCGCTTGACGTCAAGCTCATGATACAGAATCGAAACTTACTTGTTGTTATTGTTGTTGTTGTTGTTAAGTTATTTTCA
AGCATTTGAAGTCGAAAAGTATTGGATAATCGAATCAGCATTGTAACTGATCATTTTTTAATGCACAGCCTCGTCTGCGGGTTAATAATCACGCCTCGAAATAGCTTATCT
GAGCGACCCAGGTAACTTTGTGCTTGTATCGTGCAGACATCTACATCCGTCTTCATGTTTACCCGATCGGTAGTAGGCAAGAGAATCCACTGGAAGTGAATTCGACGCTAG
CGCTAGAGGTCGCTTCGGATGCCGATCTAACTAACCGACAATATCAACTGGCCCGCTACGACTATTTGATGGGTCATGTCAGTCTGCTAGCCGGTTACCAGCGTCGCGCCT
GTCTTACAATGTCTGATCGTTCTATCTGGGCATACGCGTCGGCCTACGGGTTTCAGCTAAGGTACATGTCAAAAAGTAGGAACATTCCCAATACGAATGATATCAAGCTAA
CGAAGAGACTTGACGATGAAAGCACGCTTGGTAGTGGGTTCGTGGTACAACATCGATTATAGTCACTTAGAGCTCAAGGTCTCGGTTGATGACCAAACCGGGACGCTATTC
ATGTCAAGTGGAGTCGACGATCGACAGATCTTTCTACTCGGCTACCCCAACAACTACAATTCGGCCCCCAATTCATCAGCTGAGCGCTAACAATTGATCTCCTCGATATGG
GGCTATCCTGCTTCATGGGCACATTGCGTTGTATATATGATGCCTACGAGGCCCTGTAAAAGTGTACAGATTATCGAATAACGAACGAAGGCAAATACCTGGCAGTGTAAA
TAGTTACTTTGTTCTATTAATGACTTGTACCAGCTGGCTAGACTAAGGTATCCTATGAATGTAGCTAGCAAGTCAAATGAATGGCTTTCAACTCTATTCAATAACATTGCT
CGGTGGCCATTTAAGCTTGGGTTGCAGCTGCGGATGAGTGTTTTAATTTTTTTTACTTATTTTAGACAGCATATTGAATTAAATTTGTGTGCATTTGTCTACGGTCACCAA
TCATTACTTTGTTTATTCCCTTCTGTCGTCTGCTACATGCAAACACTTAATAATTTCTTTTTTTTTTTCCTGTCACATGGTAGAGGACCTTCACAGTAAATTTACCTGATC
AGAAAACGCTTGCAAATCGTACCACTAAACAACACCTCAGCGTCAAACACGCGACGATTTTTTTCTCGACCTCATTTGTACTTCGAAACTTAACTGATACCTTTATTTGAA
TGCGTTCTCATAAACATCGAATGGCATCCATAATCAAGGAACTATTCCCTTCAAATCAGACTGACGCATAACACACATCTAGGTCTTGCAGTGTTTCAAGCTGATTTTATC
AGTTGGTAGTATTTACCACAGGACTCGCACACGTTTGCGGTTACCATTCACGTGTAAAGCTCCACAGGATTTTGATGATGTGACAATGAAGATCTGTGATGTAAATAGAAA
TCACTACCGATTAATAAAATAAGGTACGTTGCTGTCAATGTTAAGTAGACTCGTTGTTTATGAGTACGTTTACAGCGCGATAGGAACAAGGATTTTTTCGACGACATGTCT
CCCGTACAGATAGCTTACTTTACAAATGACCTTTTATACCGCCCTAGAGAACTGAATTGTATCTTCCTTTAGACAAAATCGATTATTTTTGATAATCCCTTGTAAAATGTA
TACAACATTCTCGGTTGTTAGTATACCATATAGCTTGCACTGGTCTAGCTCTTCTAAGACCTCTACCCCGCAACGAAGCTATACCGATCAGTTCGCAGTGTATTGGCAGTG
TACATGTGCTATATACTCAGTGCAATATTACCTTCCTTTCATTATACAACTCCATATGCTGAAACGCAAATAAATCGAACACAGTCAACAGGCACCCCTACACGGACATCA
CATCTTCAAATGTATAGATACTTGTGTGCGCTGAGCGAAGTCTTTAGGTACATCTGTAATTGGTAAAGTTGTAAACATGTAAAGCACTAGAGCTAATGTAAATA

V. jacobsoni:

TGTCGTGGTAATGGTGCGAAATTCGACCAAAAGTGAGGTTAGCGGTCGTACGGCGCAGATCCTGGTGGAATTATAGATATGGCGTGATGTTCTGCTGCATCATTGAGCTCC

ATCAGCTATTGTACGACGGGTTTTGATGTGCAACTGTTCGACGGCGGACGTGCTCGTCGCGGATGACTTCTCCGTGACAGGTGTGGAGATCAACGCTTCAGCGAGCGGCGG
M ¢C N C S TADV L VADUDYF S VT GV E I NASA S G G
TGCGTTCAGTGGAATCGCAACGGGAGCTGACGGAAGCACAGGCCAGGGAGCAGTAGGCTTGGTAGGAGGGGCAGACTCGAACGTTCTGTTCTCTCCAGAGACAAGTCTCTG
A F s G I A TG ADSG s TG OQGAV G LV G GAD SNV L F S P ET s L C

TCTTTTCATAGCCTACACATTTGTATTCTGTTGCTGCTTTTTCGGGAATCTATTGGTTATCCTGGTGGTGTGTCTGAACCGTCGAATGCGAACAACGACCAACTTCTTCCT

I — I

GGTTAATCTAGCCATAGCCGATTTATGCGTGGGGACATTTTGTGTTTACCAAAACATATCGCTTTACCTGATGGAGAAATGGATTTTTGGTAACTTCCTCTGCAAGATGTA

coeo=concoesoc oo o JEEIEEIEICIIE
. ]

TCACTTCGTGCACGGCATGAGCTACACGGCATCAATACTCATCCTAACGGTTATTTCGGTCGAACGCTATCTTGCCATCTGTCACCCGATGTGGAGTAAACGGGTGATCAC

R C % P % W S % R VX m
N e S i A S T e

ATTAAACAGGTTACGAATCGTGGTTTGTTTCGTATGGCTTATAGCTGCGGCATATTCATCGCCGAAACTTATTATATACGGTGTCATTAGGTACGACATCGAGGACCAGCC

LN R LR I NSRS S KGR Y D I £ D o b
I

GGGAGAGTTGTGCGTCATGAGGCGCGAGCGAAAGTCGTCCTATCATCGCATGCACAAAATCTACGATCTTATCAATTTTATCGTCTGTTTTGTAGTCCCACTAGCTATTAT

GELCVMRREREKS S S?YHRMEKI YD L ENNISNDIVCHENIVENENAN

TAGCGTTCTCTATACCTTCATTTGCTTGCGACTGTGGAAATCGCAGGATATGTTGCGCACAATACAGCCTAAAAATGAGACTGCAGACGGCAAAGCTACCCTTATTGCAAC

—

AGGTACAACGCTCAAAGGTGCTCAAGTGACACTGACGATTACCAATGATTCCCAGCAAGCGAGTCTTGACGACAAGGAGATCTCTCAGAGTATCGGTAGCACTCTCGCCAT
G T T L K GA A QV T LTI TNUDSSOQIOQA ATZSTLODT DZEXKTETIZSOQQSTI G S T L A I
TGAAAAAGGTCAACACGTACTGGCTACACCTACGCATTCCTCTCAAGTACATCGGGAGTCTCTTTCGGAATTGCCATCGTCACTCAGTCAGCCATTAGCTCAGCAGGAAGT
E K G Q HV L A TZPTUHS S QV HRTES STILSETLT ®PSsSSHsooPILAOQOQE V

ACAGGTCAACGGCAGAACACT!éTAATCACACCGCCTCCTACGTCATCCCGATCTTTGTCGCCGACATCATTGTCCCGTTTTCGATTTCGTTTCTGCTCAGCGTCACTGTC
Q vN GR T L VI T ©P PP T S S R S L S P TS L S R F R F R F C S A s L S

GTTGAATCGACAGGTTTCACGAGATTCTCCTACAGTGACCGAGCATCGTATTCGTACGTCGTACGGCAGCAGCCAGCGTTCAAACGCATCAATCACCATCCTTCGAGCACG
L NRQV S R D s P TV TEH R I RT S Y G S S Q R S N A S I T I L R A R
CCGCAACGTTATTCGGTTGCTTGTGGTCGTCCTTTTATGCTTCGCCGCCTGTAATCTTCCCTTCCACGCACGTAAACTTTACCAGAACTGGGGCTCATCGTATGATGGCGC

yVLLCFABACNLERPEFHARKLYONGWSE

CCGACTGCCGTACGTCGTCATGACAATGGTAACTCATCTTATTCTCTACCTGAATTCGGGTATCAATCCATTTATTTATGCGCTCTTTTCACGCAATTTTCGTCAGTGTAT

RL P Y VUyMTMY T H L DS AN E SR ERNONE
I L YL NSGINPFIYALEFSRNEREOEC

GCGGGACGTGCTGCTATGCAGTATCCCAGCACTGAAGGGGAATACGACCACGGCGACGCAGCTTGGCACCTTTTCGACTAACGGTCACCTTTTCGATGAACGGCGTCGAAG
R bpD VL L CS I PALKGNT T TATOQUL G T F s TN GH L F DE R R R S
TCGTCTGAATCCAGACAAGCAAGAAACTCATCAGCCTTCACGAAGAACGAGTTTCACATCTCAGACATTTGTTTGTCGCAGGGGTTCCTCGGTCGAAACGAATCGAACATC
R L N P DK QE THQ P S R R T S F T S Q T F V C R R G S S V E T N R T S
GAGAAGCAGCACTAAGAACTCATCTCAGAACGTTTAGTTGCTCATACGTAAGAACACTACAATAGCCTCGAGTAGCTTGTAAATAGGCATATCGTCGCGTTGGAAAACATT
R s § T K N S S Q N VvV *
TCGTCCAGTTACTTGATGGCATTCACTAGGCTGTGTAATATATTACTCATACAGAACTTAGCAGTAGATCGAGTATACGAATTGGCAATTTCTGCTAAACTAATTAGGTAA
CCATGCCCTCCGAAGCTAAACAGGTCGTTGATTAGTTGAAGTTATGAAGTGCAAACAGAGAGGGAAAAAGAAAGCACAGGCAATGTATATATGTTTGAAAAAACGACGGTG
TTTTTTGACAGGGCCGTAAGCGTACAAGCTCGGTACACTTAACTGAACAGCCATCTGACTGATAATAAGTTACAGATACGCTATAATTCCACAGTCTGAAAATAGACATAC
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AGTTACATATCTTAAAATGTGACTATTTACTCTAAGCTTTGCATTGTACACAATAGAAGATAAACAATTTTTTCATTTTCACTAAATTACACCTATATTCTAAATAGCTTT
TTTAAACCTTATGTCCTTTTTAAACCTTAACATGTGACGACTGTCTTATAGCATTTCTTGTTTTTATAGGTTTGTTTTTTCTTCTTTCAATTGGTATAGCGTTCGCTATAA
TTATGCAGCTTTAGGTTTGTGACAACGCTCATTTTCGGCACCCTTGTCGAGGGCTCCTATTATCAGTTGGCTGATGTTGAGTGCTAAGGCGCTATGTGTCGATTAAAATAT
CTTTATATAAAATGTAAAAAAGAAAACGATAATTCCATACAATATTATAACACAAACTCATAGTCTAGAACGCTAGGTCAACGGCACTGTTGAAAATAGCGGATATAGGAA
CTTTGCATGCGATCTGTATTGCAATGAAGACCTTCTCCGACCCGACAACACATCATATTCATTACCGTTTTTTTTTGCATATGGCTCCCTCTCGTACCCTTTTAGAGTACA
TGCACATTTGGAATTAGGAAGAAAAATAAACTTTGATATTGGGCGTTAAAAAAATAGAGTAGATAACTTGGAAAAAATTGTCAGAAACGATCACCTTTCTGGTGAATCAAT
ATCTCGAGTCTCTTTCAGCTTTGCGAACTTTCCGTACAAGACACGGGGTGCAAGAATTGGCCATTTTGTCCCTGGTGCTAATTCCTCGTTTGTCATAAATACGTTTCGAAT
CAATGTTTCAAATCTCCGTGCTTACTGATTAATTTGGGTCTTCTCAACATGAATGTTATATTACCAGGTATATTTGCAACTCGCTTAGGTACTGTTACTGTCAATATAGCC
AACCTGTCGCGATCGGATTTCGAGAACACTGATAACATAGTACGTACACAAAAAAGAAAAACAAAAAAAAAAGGTTAACTGATATTAGCTAGGTTAGATAGGTTGGTGAAG
GAATACAACGTCGACGCTGAAGTTAACCTAAATCGATTTGTTACAGTAAGCCACAAATATATTTTCATAGCCAATTGCTTCTGTAAGACGACCGTGTCAGCGGGAATCTGT
TCTTCAAAGTGTGCTTCGCGCGCTTGACGTCAAGCTCATGATACAGAATCGAAACTTACTTGTTGTTATTGTTGTTGTTGTTGTTAAGTTATTTTCAAGCATTTGAAGTCG
AAAAGTATTGGATAATCGAATCAGCATTGTAACTGATCATTTTTTAATGCACAGCCTCGTCTGCGGGTTAATAATCACGCCTCGAAATAGCTTATCTGAGCGACCCAGGTA
ACTTTGTGCTTGTATCGTGCAGACATCTACATCCGTCTTCATGTTTACCCGATCGGTAGTAGGCAAGAGAATCCACTGGAAGTGAATTCGACGCTAGCGCTAGAGGTCGCT
TCGGATGCCGATCTAACTAACCGACAATATCAACTGGCCCGCTACGACTATTTGATGGGTCATGTCAGTCTGCTAGCCGGTTACCAGCGTCGCGCCTGTCTTACAATGTCT
GATCGTTCTATCTGGGCATACGTGTCGGCCTACGGGTTTCAGCTAAGGTACATGTCAAAAAGTAGGAACATTCCCAATACGAATGATATCAAGCTAACGAAGGGACTTGAC
GATGAAAGCACGCTTGGTAGTGGGTTCGTGGTACAACATCGATTATAGTCACTCAGAGCTGAAGGTCTCGGTTGATGACCAAACCGGGACGCTATTCATGTCAAGTGGAGT
CGACGATCGACAGATCTTTCTACTCGGCTACCCCAACAACTACAATTCGGCCCCCAGTTCATCAGCTGAGCGCTAACAATTGGTCTCCTCGATATGGGGCTATCCTGCTTC
ATAGGCACATTGCGTTGTATATATGATGCCTACGAGGCCCTGTAAAAGTGTACAGATTATCGAATAACGAACGAAGGCAAATACCTGGCAGTGTAAATAGTTACTTTGTTG
TATTAATGACTTGTACCAGCTGGCTAGACTAAGGTATTCTATGAATGTAGCTAGCAAGTCAAATGAATGGCTTTCAACTCTATTCAATAACATTGCTCGGTGGCCATTTAA
GCTTGGGTTGCAGCTGCGGATGAGTGTTTTAATTTTTTTTACTTATTTTAGACAGCATATTGAATTAAATTTGTGTGCATTTGTCTACGGTCACCAATCATTACTTTGTTT
ATTCCCTTCTGTCGTCTGCTACATGCAAACACTTAATAATTTCTTTTTTTTTTCCTGTCACATGGTAGAGGACCTTCACAGTAAATTTACCTGATCAGAAAACGCTTGCAA
ATCGTACCACTAAACAACACCTTAGCGTCAAACACGCGACGATTTTTTTCTCGACCTCATTTGTACTTCGAAACTTAACTGATACCTTTATTTGAATGCGTTCTCATAAAC
ATCGAATGGCATCCATAATCAAGGAACTATTCCCTTCAAATCAGACTGACGCATAACACACATCTAGGTCTTGCAGTGTTTCAAGCTGATTTTATCAGTTGGTAGTATTTA
CCACAGGACTCGCACACGTTTGCGGTTACCATTCACGTGTAAAGCTCCACAGGATTTTGATGATGTGACAATGAAGATCTGTGATGTAAATAGAAATCACTACCGATTAAT
AAAATAAGGTACGTTGCTGTCAATGTTAAGTAGACTCGTTGTTTATGAGTACGTTTACAGCGCGATAGGAACAAGGATTTTTTCGACGACATGTCTCCCGTACAGATAGCT
TACTTTACAAATGACCTTTTATACCGCCCTAGAGAACTGAATTGTATCTTCCTTTAGACAAAATCGATTATTTTTGATAATCCCTTGTAAAATGTATACAACATTCTCGGT
TGTTAGTATACCATATAGCTTGCACTGGTCTAGCTCTTCTAAGACCTCTACCCCGCAACGAAGCTATACCGATCAGTTCGCAGTGTATTGGCAGTGTACATGTGCTATATA
CTCAGTGCAATATTACCTTCCTTTCATTATACAACTCCATATGCAAATAAATCGAACACAGTCAACAGGCACCCCTACACGGACATCACATCTTCAAATGTATAGATACTT
GTGTGCGCTGAGCGAAGTCTTTAGGTACATCTGTAATTGGTAAAGTTGTAAACATGTAAAGCACTAGAGCTAATGTAAATATCGGATCGATGATGAAAATAAAATACCTAA
ATTTATCACATAA

(B) Multiple sequence alignment:
. melanogaster

D

I. scapularis
T. urticae
\%
\%

MIMTMMQTVRAWQQESDVEHRKOHKQRWRPDGAHISAAYDLNSDNDDGHHRVVHNQNNGS

. destructor
. jacobsoni

D. melanogaster
I. scapularis
T. urticae

V. destructor
V. jacobsoni

D. melanogaster VISTISPPINGSETDY[ILHYEESHTSL P TIRELSEDGSGAVIEDEEDTKASHYIFDR
I. scapularis -—-MErESENESNANL PNFENCELW P - @ ED-—————-————————- DfjFOR
T. urticae = -—--—- LENNETFLSL IIDNDTMR NESYQEE®-—-——-——-—--—————— Fl TN
V. destructor ADDIYS|MKE Jecarse AlegNNES TGO ANGLVGGRT - - - SN@E S
V. jacobsoni AD DS JMNENVERY s Slecarsle AeINIes TGO AGLVGGE! - - - SNES
D. melanogaster TVi|IFT NG OSICINAEING
I. scapularis SIDWRVe 1 iy B vECcCcCrFGNLLVEY
T. urticae KSFIG YIL.FFMGNL.VILV
V. destructor igEusie 1 3 11y TV ECCCFFGNLLVILY
V. jacobsoni jSEINe 1 jg 11y T|3VECCCFFGNLLVILY
D. melanogaster S e E
I. scapularis EWPLGD
T. urticae QP T SiNe
V. destructor KLy FGN
V. jacobsoni W EGIY

I
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SSR0E SSRRT SSARD SSARD

SS3RT

melanogaster
scapularis
urticae
destructor
jacobsoni

melanogaster
scapularis
urticae
destructor
jacobsoni

melanogaster
scapularis
urticae
destructor
jacobsoni

melanogaster
scapularis
urticae
destructor
jacobsoni

melanogaster
scapularis
urticae
destructor
jacobsoni

YGV I RN TIIO P GRERF llC VMR RERE S Mt < YD
YGV I RN TIINO P GREEF I C VMR RENAE S Vsl B Y D
L SRGETP--—-—-———————————— Bvlio----
F0NRNA G M- T oMy B - --—- - VPT-—--
BALL@ CRRFETQIPSTVTAI TQ TR T - -
RTIQPKNET GIll | KGAQV
RTIQPKNET GIgl | KGAQV
--HOH[FOP[EIeP CQE —————— e G uNsMYHflHPHHEHRHHEEEOLOSAAS SAGTIVG-
——AY PSPRRIVET-——--——-——————————- PIEHEGAW- SEERILOSERE- - —--
KWSTKTVE L Tl------- PKASDKTRSRSP TEIDGKRGSRFVNL YK LEJ€SNGH
TLTIT DSQQASL KEISQS €S TiiATERGORN A PTHSS HRES L[l p sEjEide)e
e TR T NEIOOR ST KEISQS €S TI ATERGOEY A PTHSS HRES LIl siiiie)e
LGGGGGGEPGPSHASGGERIT osB  EXRGVE I TESOVEEADRPlIVSABRKT
————————————————— FKRIBCTPKIPP——————————— === ————— o —————— MA

LRGEVSC———AT [AQSIHF] CIMWSINKGDS@ED——————-—-—— FKEEFARISIEGNY(@-—-——
EVQVN RTLN [ TPiP| PTSL FRF ————— SLN QV/SRDS
QVN ERTLY ' TPIEP PTSL FRF ————— SLN QVSRDS

-NOf0Q----------------—- H ————QQ

-NEBGR---—----———————————GT---—-—- H

EHRMRT-----————————————- SYGS 0 T RARRYVIRLLVVVIBL@F2

EH !RT —————————————————— MeES QEE MTHLRARRNVIRLLVVVELEFA
I

Figure 3.20 A) Gene structure for trissin receptor sequence in V. destructor and V.
jacobsoni is shown. The 7 Transmembrane helixes are indicated by blue color highlighting
and underlining. B) Multiple sequence alignment of trissin B receptor from various
orthologous species across Phylum Arthropoda
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EFLamide receptor:

A) Gene structure

V. destructor EFLR1

AATAGCGGCGAACAACGAGCAACACCGAAATTAAAGACATCAATAAATGTGTAACCTCGAACAAATTAACAAGCGACGATTGAGTGTGTTAACAACTTGGTGGCGGACGCT
GTCGACACCGTTACTATTTAACAGTTTTCATTATTCGGTTCCGATAAAGTACCGTTTCACAGAAATCATTGTTAGACGCTTTCTCGTTGTCCTCTCTGTGTGAAAGCAATA
GCAACGAGGAAAAAGAATAAAAGACCTAGGATTATAGACTACACAGTGGTCGAGCGCTGCTTCCCATGTGGAGCAGTTGTCTTGACCGAAAACGAGCGGTGTTTTGTCAAA
GACACTTAGCAGTTAACTCACGACCCATGAAAACTTTGCCGCTAGCCAAACGTTCCGCCTATCTGTCCAGTCGGTCATAGGCAGTCGCACCAACCATGAAGTGGCCCATCG

M K W P I
TCGCATCTACCTGGCTCAGTGTTGCTGTTGCCAACGTGGTACCAGTTGTGGACCCATTGTGTTCGACGAATATTGCCAACAACAACAGGACCAGCATACAAATGGCAATTG
v A S T W L S VAV ANV VPV VD ?PIL CSTNTIANNNI RT S I QM A I

ATTGTGACGACAGCGACTTGTACGACGCTATCAATGGAGGTTCCGTAACGAATTCGAACACCTCTATCGGTTCCTGGTCCTCTTCAGCCTCATCGATGGCCTCGTCGTCGG
p c¢cpbpbobpsS DL YDA ATINGSGSVTNSNTS I G S W S S S A S S M A S S S
CGGCGTCGAATGGGGTGCTGACAGGCAGCCAGAGTGTCAATGCCACGAGCTCTGTTAGGGCGAATTCACTGACGAGGGAGCCGAGGTATCGTCCCTTGGTAGACACCATCG
AA SN G VL TG S Q S VN AT S S VRANS LTI RE?PIRYR P LV D T I
TTGGGACGGCGGTTCTTGGCGCCATCCTTCTTATCGGAGTTGCAGGCAATATAATGGTTGTTGCAGTGGTCGCCCAAACGCGCTCAATGCGAACTCCGACGAACTGCTATC
v 6T AV L 6GA I L LI GV AGNTITMUVV AUV VAQTI RS MURTPTNTC XY

TCGTCTCGTTGTCAGTAGCCGACCTCATGGTTCTGCTATCGGCAATCCCGAATGAGATCCTCGCCCAGTACATCCTTGAGGACGAATGGATCTTTGGCCGAGCTGGCTGTG
L v s L. s v A DL M VL L S A I PNETI L A QY I L EDEWI F G R A G C

CAATGTTTGTTTTTTTCCAGTACCTGGGCATTAACGCCTCGTCTTTATCAATTACGGCATTTACCGTCGAGCGATATATCGCCATCTGCCTGCCAATGAAGGCGCAGACCA
A M F V F F @ Y L 6 T N A S SsS L S I TAU F TV EIRY TIATICULUPMI KA AN QT

TGTGCACGGTGAAACGTGCTAAGAAGATTATCCTCGCTGTGTGGTTGTTTGCGCTGTGTTACTGTTGCCCATGGTTATTTTTTCTTACGACGACACGGCCAATCTACTACC
M ¢ TV K R A K K I I L A VW L F A L €C Y C C P WL F F L T T TR P I Y Y

GGGGCCAGGAGCACCGTTACGTGGAGACGTGCACGTATTCACTGCACCGATCGTTCTATATGCGTTTTTTTTTTGCCGACATCATTCTATTCTATGTAATTCCGCTCATTC
R G Q EH R Y V ETCT Y S L HR S F Yy MRF F F A DI I L F Y V I P L I

TATCATGTGTCTTGTACGGGCGAATGGCCCAAGTGTTATTCCATACGGACATTGGTGCGATGACGACGGCAGCGAAGACTGCCAACGGGCAGACTACAGCTAAAGTCAATG
L s ¢ v L Y 66 R MAOQ VL F HTDI GAMTTA AAI KTANGIOQTTA K V N

CTAATATGAACAACCAGTCCAGAATTCAGGTGGTGAAAATGCTGATCGTGGTCGTTGTACTTTTCGCGACGTTGTGGCTACCATATCGTGTGCTGCTCGTCTATAATTCGT
AN MNNOQ S R I Q¥ V K M L I VV VYV L F AT L WL P Y R V L L V Y N S

TTGCCAGCAAGCCTTACCTCGAGCTGTGGTACCTGATGCTCTGCAAGACGCTCATCTTCGTCAATTCGGCCATCAATCCTGTGCTCTACAACGCCATGTCGGTCAAGTTCC
F A S K P YL E L WYY L ML C K T L I F VNS A I NP VL Y NAM S V K F

GGCGGGCCTTTCGGCGGACCTTATCCTGCGATTCTAAAAATCGTTTCGAAAATCGCACGTTTACTACAACAATGACAACGGTCAGGCACACGATAAAGCCGAAGGATCAAT
R R A F RRT L S CD S KN RF EN R T ¥ T™T T M T T V R H T I K P K D Q
ATTGACGGGACGCGAACTCCTAAATTACTTTTGCCTAGAAGCTCGCAGAAATGAGGCAAACAACCGATTTCGAGAAGTACCTCGTCGTAAATGGCAACACCTCAACGCCGA
Y *
ACGACACAGAAAATTCGTCGAAAATTGCGCTTGCCGATAAACCTAACCAAGAGAATAAGAATGAATGCAACCTGCAAGCTGCGACTCACCATTGTTAAACGACTTCACATC
CCCCTTAGGCAGCCCTGTTTCGAAGATATTTTGTTGCAGAAAATCGCGATGATAACTCAGTTTTACCCTGCACAACGTTGATAGTATTGCTGACCCAATGCTAAAACAGCT
AAATCAATGAGTTCACAAAAGTCATGGCCGCGATTTTTCAACGTAGGGACCTGTAACTGGTCGTCATTGAATGAGTAAATTGAAAGAAAAACATTAAATTGGAATTTTCCT
GACTGAGTATAATTATAGTAGTATCGATAAAGTGAATTAATGTACACTAAATATGAATCTATCGTATACATTTTGGTGGAATGTAGCACTTAAATGTGCTTTGAGCACAAA
AAAAAAACAAGCAATAGATATCAATGCCTGATATCCTAAAATTATAGTTTGTACCGTTGATGCAATAGACCATAACTGCATTGGCCATTGGGTCGTTGTGCTTCTGCAGAC
TGCAGAATCGTCCAACGTGTGCAGATTCTCTGATTCGCTTCACTGACGTATTGCGTTTTGCCAGCCGCCAAGGTGCACTCAAACAAAGTCTACCATAAGTCGACTTCTGCG
TATTTATAATCATATACCCTCACATCGTGTACTTTAACATCCTGTTTGTGTCGTACCAACAAACAAATCAACTTCCTACACGTTTCGCGTAGCTTCCGCCAATAGCCCAGC
CCGCGCAATGAAATCAGTCAATAAAACAAAACCCGAATGCGCGAGATGCACCCAAGACGAATCGAGAGTCTTTTATCTGCAGTTAGAAAGGCAAACGAAGACTCTTTTGTT
TGCTTCCGACGTGAGAATTCCCGTACCACGATATTATTCGTAAGATGAGTGGATCTGGGAGGAGTCGGGGAAAATGTTAACCAGCGGGAATAACTGAACGAGACCGAAGTA
AAATCGAATTGAAGTTAGACCGAGTTTATTTTGCTTCCAGTAATCAGTACTACTATTGCTTATGCTAATAGAATACTAAAGGAAATAGATTCAGCCTCTCTTAGTTGTTTC
GTGAGAACGAATTTTACGTGCAGACGCATAGACCAACACACACACACACACACACACACGTACACGCCCATGCCGGCATGAAAGGATAATAAACAGCATAGAATTATGATA
TCTGTATGGGATGCAACTGCGGGCGTCGTCGGAAAAAAACAAAAGGTAAGAACAACAATCACATTTTGTAGATTAAGAGCAACACGCCATGTTTTCATGGTATCAATTCAG
ACAAGTATAGAGAGTATAAAAAAAAATGTGATCTAATTAACATTTTTCACTTGGCCAGGCGGCGAAATGGACACTCAAGGCATGTTAAAGTTACTAACTAAGACAATTTCT
TTCAAAAAGCTAGGCTGTTTACGAAGTCCAGAACTCTTCACAGCGGAAGCAGGTGGGTGGTGTAGCAGCTTGAGGTAGTTCATCTATGCATACACATAAACCACTAGGACC
GTATAACGGACCATTGTAGCGGCAGTACATGCAAATGTAAGATGAATGCAGCCTTAACACTGTCGATTGACACAGACATTTAATTTTAATCTGTATCTTTAAAAATATTTT
CTAGTACAGTTTAGAGTAAAAAAAATAGTCCTCTTCCTATGGCGGGATCAGATTATCATAAGTAGAGATTCCGAGCAAGGAACATACGACGAATATGTTGAAAACATACAA
TGGATCTCAGTAAATCCGAAGATGACTTTTGCCGTGACAAATGGCTCTATCTATTGTGCATGAGAGCAGAAAACCCGTTGAGGCATTTCCTATTAACTCCGGGAAAGAATA
GGCCGGCTTTGAGCAAGGCACCAACAATCTGTAAACGACACCAGTCTGTCACACAGTTTTGTAAAACGGCTAAAAAAAAAAAATACGGGGTACATCTACGAGACAGAGTAA
CGATCAGACTCTCTTCTAGAGTTACCCACAACATGTAAAAAAAACTGATTAAAAAAGAGCAGTTTTTCATAAGATATTTTACCTTATTGTACAGTATGATGTTATAAACGA
GGGTTGATGAATATATAAATGACATTGAAAAAAAACAGTCGAACCTGGTGTATATATTTATTCTTCTCACTGAAAAACGCCTCCATATGTAAATGTAATAGAATAATCCGA
GCAGGAGGTAGAGGTGGACAGGGTAAGAAAGGGCAAGAAACGAGAGTGTCCGATGAAAGAGAAATGGTCTCTATGCTGTGGTGTTAATAAAAGCGTCAAAATATTTGTCGG
GTT
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EFLR 2

AGTTCTTAAGAGTTCACCTGTTTCAACGGGCCCAGCCATACGCGTACTCTTCTATCCATTAGCTAACACAGTGCCGTGTCGCCGCTTTTGTGGTTTCGTGCACGCATGTGT
ATGTGACATGGCGATTACCATTGAACTCGATCATTTGTTTGGATGTTTGTTACTCGTGCCCCTGGACGTAACCTAGCAGTCTAACGAGTCGAGAAAGATCTTGTACTGGTT
TTTCAGAAAACAGAAACGAAACCATGTCATATCCAGGCTACGAAACAATTTTAGATGACTACGAAATAATAGCTACAACCATGTCGTCTTCTTCTTTTGATTGTTGCTACA
TGCGCCATGTCTACAATGTGATAGTGTGTCAGCCTGTGCGTTTGTATAATTCACCACTACCCAGCCACGTTTAACTTAGGTCGGCTGAAATTTCAAAGAAAACCGAATCTA
TCGAAGGTCTCGTTTCCGAGTGCTTTCACATTCGATTATACTCGTTAGTTCTGTGCTATTTTCTGTTGTGCCCAGAGCCGTCGCTATCGCATGATGTGCTGCTTCGGAGAA
M M C C F G E
AAAGTCGCTCCGGCGTTCTGTCACGTAAGACGACGAATGCTGCTACTAGTAACATTATTTCTTGTCATTGATGCGCGAACGGTTAAGTCGACATGCGTCGGCGGAAAAGCA
K vAPA?PF CHVRRWRMULL LV TLF L V I DAIRTV K S T C V G G K A
CATGGCGGCAGCGGAAGCGCAGGCGCGAACAATACGCTCCCATGTACAATCACAACTATAGGGGCAAACAATAACAATACAAGCAGTAATCGAACGAATACAAATAACAGC
H G G S G s A GANNTL P CT I TTTI GANNNNT S S N R TN T N N S
AGTATTATTAATAGCTCTAATAACAACACTGGTGCTGATCATAACGGTGATAACAATGGTCATTATATTAATAGTCTAACAGATAATCTCACTGCGCCCGCGCCGTCCGAA
s I I N S S N NN T G A D HNGDNNGH Y I NS L T DNTL T A P A P S E
TTAAGCGGCACCAACCGTAGAAAAATAATGGACATTGGCTTCGCGAGTAGCACTCATGTAAACATTGCTGCTCACTCTGGCCGTAAAGAAGCTGCACTGACGTCGCTCTCA
L s 6 TN RIRIK I MDTIGPFAS S T HV N I AAUHS G R KEA A ATLT S L S
TCGTCGCCCGCCACAGGCAATGCGGACAGTCAAAACGGTGACGCCGCAGGTAGTATTGATAATATAGGGGGTAGTAGCAACATCACGACCAACAGCAGTTTCAGTGGCAGC
s s p A T GNAUD S QNGDA AAG S I DNTIG G S S NI T TN S S F S G S
GTTACAAACGCAACTGCACGCGCCAATAGCGTCAGTGAACCAACTATCCGTCCACGGGAGCCTCGCTACCGGCCCATGGTCGATACTGTTGTAGGCTCCATGGTTCTCGGG
v T N A T A RAN SV S E P T I R P RE PR Y R PMV DTV V 6 S§ M V L G
e —

GCCATTCTCGTTATTGGAGTGGCCGGCAACGCCATGGTCGTTGCTGTGGTCGCCCAGACGCGCTCGATGCGGACACCAACAAACTGTTACCTCGTCTCGTTATCAGTTGCC
AT L. vIGVAGNAMUVVAVYV VAQT RS MU RT®PTNICY L V S L S V A

GATCTCATAGTACTTCTGTCAGCGATTCCGAACGAGATTCTCGCCCAGTACATCCTCGAGGATGAGTGGGTCTTTGGTCGGACGGGCTGCGCGCTATTCGTTTTCTTCCAG
b L I v L L S A I PNE I LAQY I L EDEWV F G R TGCATLF V F F Q
e —

TACCTGGGCATCAATGTCTCGTCGCTGTCAATTACTGCGTTCACCGTCGAACGCTATATAGCCATCTGTTTACCGATGAAGGCACAGACGATGTGCACGGTGAAGCGTGCT
Yy L 6 T N Vs s L s I TAF T V EUR Y I A I CL PMI KA A QTMMT¢CT V K R A

AAGAAGATAATTCTTGCCGTGTGGTTTTTTGCTCTGTGTTATTGCTGTCCGTGGCTGTTCTTCCTCACAACGACGAAGCCGATTCACTATCGCGGATACGAGCACCGTTAC
K K 1 I L A V W F F A L €C Y C C P W L F F L T T T K P I H Y R G Y E H R Y

ATAGAGACATGCACGTATTCCTTACATAGATCCTTCTATATGCGGTTCTTTTTTGCTGACATCATCCTATTCTACGTCATTCCACTCATTCTGTCCTGTGTCCTGTACGGA
I T CT Y SsS L HR S F ¥ M R F F F A DI I L F Y VvV I P L I L s C V L Y G

CGAATGGCTCGAGTCCTATTCCATACGGACATTGGTGCTATGGCCTGTAAGGCTAATGGAGAGGCTAAGGCAAACGCGAATAATCAGTCGCGTATTCAGGTGGTGAAGATG
R M ARV L F HTDTI GGAMATCI K ANSGEA AI KA ANANNZ S R I O V V K M

CTGATCGTGGTAGTTGTGCTCTTTGCAACATTGTGGCTACCGTACCGTGTACTGCTCGTCTACAATTCGTTCGCCAGGAAGCCCTACCTGGAACTGTGGTACCTGATGCTC
L T vvvvVvVvL FATL WL P Y RV L L VYN S F AR KUPJY L E L W Y L M L

TGCAAGACGCTCATCTTCGTCAATTCGGCGATCAATCCTGTACTCTACAACGCCATGTCAGCCAAGTTTCGGCGCGCTTTCCGACGTACCCTATCATGCGGCTGCGGGTGT
¢ K T L I F v N S A I NP V L ¥ NAM S A KFRIRAZFIRIRTTIL S C G C G C

GGAGATGTACGCTTGGAGCAACGAGGTTTTTCAACAGTCATGACCGTCCGCCAGCAAACGAATTTGCATCGTCCTTCGCGAAAGGATCAATACTAAGGACGCCCTCAAATC
G bV RL EQRGPF S T VM TV R Q Q TNL HIR P S R K D Q Y *

ACTAGGACCCGTTCCCTTGATGCAGACGGATCAACGAATCGAGTCAAGGGAAGGAGCTATAATTTGCTTTTCCATTGAGAAAAAAATATATAGCGTAAAAGGTTAAATATT
TTTTGGTTAGCGCGAAGATCTGATGAAGCGATGAAATTGCTTGGTCGTCTTCAATTTTTGATATATATTAAAAGTAATATGTAAAATGAAGGGATACCTGGCGTGCATGAG
TAAAGTAAGTCTGTCCAACACAGAAGCAGCTCTATCGGGCTTTTTTTCTATACATCCAAACACAAAGAAACACCTTGTAGGTAAGTCAAACAGTTGCTTTTATGCATTAAT
CATACACTGGCCGTATCATTTACAACTGACGCGGCTCTCTTTGCTACCAGCGAGCCGCTCCGTATATGCGTATAAACTATATCGCATGTTCCGAGCTCTGAAACTGACGTT
AGCAATGATTTTAGACTATTAAGCCAGATAATTAGAGTCCATGCTGGAGATCCACAATGTTCCATTCTATTAAAACAGGCAATTACCTAACATAATGTCCTAAGTTACTTT
TGAGCCGGAAGGAAATTCAAATTAAAAGCCACCTTTCCCTCCTTTAGCGTCCTTGTCAAGCTACTCTTGTCCTTTTACTAAATGCGTATGAATATGAATACCGGCCTATGT
TTCTAGCACCAACGCTACAGCGTTCTAATTGACTCTGGCTAAATACTACCGCCCACGTACCGGGAACTGGTTTATAACATGACATTGTTTTACAGACCAATTCGCAGATTC
GAGAATAGAAAGCCATGTAATATAGATAGGATTGTACCATAAGCGGATATTATAGGCAACAAAGGGCACAAGGCGAAGCGAGCATTTCATTGAAGGTCCAGGGCTGATGTT
GAACATTGATGCTGTGTATAACCGCCAAGAGACGAACGCCGAGTGTCGTGTCTGTCGCATTCTGTGGTCCTTGTCTTGGTTGGCCATGGTAATTTTCTTAGAGGGTCGACG
ATATAACCCTCCCGCATGTATAAACACGGTGTAAAGATAAAATCTCGTCAATATGATTTGATGTATTGACTAAAGAATAAAATGAAATCAGAATAATGCACCGAGCGTGGC
AGTCGGAAATGGAATATTGCAAGCAAGAAACTGCGTTATGAGTTGATTGTCTAGGATGGGTCCTTTTACTGTCACAAACGGAAGGATATATACACTAAATGACAGGCTATA
TATATAAATATATAAAAAGATATATATATGTGCATGGTAGTGATAATGCTATGTGTTATTTCGTGAAGTAATGTTGGAAAGAATGATATGGAAAGCTTCGATGGTA

V. jacobsoni

CAAAACCGTAACAATAGCAGCGAACAACGAGCAACACCGAAATTAAAGACATCAATAAATGTGTAACCTCGAACAAATTAACAAGCGACGATTGAGTGTGTTAACAACTTG
GTGGCGGACGCTGTCGACACCGTTACTATTTAACAGTTTTCATTATTCGGTTCCGATAAAGTACCGTTTCACAGAAATCATTGTTAGACGCTTTCTCGTTGTCCTCTCTGT
GTGAAAGCAATAGCAACGAGGAAAAAGAATAAAAGACCTAGGATTATAGACTACACAGTGGTCGAGCGCTGCTTCCCATGTGGAGCAGTTGTCTTGACCGAAAACGAGCGG
TGTTTTGTCAAAGACACTTAGCAGTTAACTCACGACCCATGAAAACTTTGCCGCTAGCCAAACGTTCCGCCTATCTGTCCAGTCGGTCATAGGCAGTCGCACCAACCATGA
M
AGTGGCCCATCGTCGCATCTACCTGGCTCAGTGTTGCTGTTGCCAACGTGGTACCAGTTGTGGACCCATTGTGTTCGACGAATATTGCCAACAACAACAGGACCAGCATAC
K wpp I VAS T WL SV AV ANV V PV VD ?PLC S TNTIANNNIRT S I
AAATGGCAATTGATTGTGACGACAGCGACTTGTACGACGCTATCAATGGAGGTTCCGTAACGAATTCGAACACCTCTATCGGTTCCTGGTCCTCTTCAGCCTCATCGATGG
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Q M A I DCDD S DL Y DA ATINGS GSVTNSNT S I G S W S S S A S S M
CCTCGTCGTCGGCGGCGTCGAATGGGGTGCTGACAGGCAGCCAGAGTGTCAATGCCACGAGCTCTGTTAGGGCGAATTCACTGACGAGGGAGCCGAGGTATCGTCCCTTGG
AS S s A A S NGV L TGS Qs VNATS S V RANS L TRE P R Y R P L
TAGACACCATCGTTGGGACGGCGGTTCTTGGCGCCATCCTTCTTATCGGAGTTGCAGGCAATATAATGGTTGTTGCAGTGGTCGCCCAAACGCGCTCAATGCGAACTCCGA
v brTTIV 6TAV L GAI L LI GV AGN I MVV AV VA QTR S MR T P

CGAACTGCTATCTCGTCTCGTTGTCAGTAGCCGACCTCATGGTTCTGCTATCGGCAATCCCGAATGAGATCCTCGCCCAGTACATCCTTGAGGACGAATGGATCTTTGGCC
T N C ¥ L V. § L S VvV A DL M VL L S A I P NETI L AQ Y I L E DE W I F G

GAGCTGGCTGTGCAATGTTTGTTTTTTTCCAGTACCTGGGCATTAACGCCTCGTCTTTATCAATTACGGCATTTACCGTCGAGCGATATATCGCCATCTGCCTGCCAATGA
R A G CA M VF VvV F F QYL 6 I N A S S L S I TAUZ F¥ TV ER Y TI A I C UL P M

AGGCGCAGACCATGTGCACGGTGAAACGTGCTAAGAAGATTATCCTCGCTGTGTGGTTGTTTGCGCTGTGTTACTGTTGCCCATGGTTATTTTTTCTTACGACGACACGGC
K A oo T™MTCTV K RA KK I I L AV W L F AL CYCC&P WL F F L T T T R

CAATCTACTACCGGGGCCAGGAGCACCGTTACGTGGAGACGTGCACGTATTCACTGCACCGATCGTTCTATATGCGTTTTTTTTTTGCCGACATCATTCTATTCTATGTAA
P I Yy Y R G Q EHR Y VETT CT Y S L HUR S F Y MU RFF F A DI I L F Y V

TTCCGCTCATTCTATCATGTGTCTTGTACGGGCGAATGGCCCAAGTGTTATTCCATACGGACATTGGTGCGATGACGACGGCAGCGAAGACTGCCAACGGGCAGACTACAG
I p L I L S C VLY G RMAOQV L F H®HTODTIGAMTTAA AI KT ANGQ T T

CTAAAGTCAATGCTAATATGAATAACCAGTCCAGAATTCAGGTGGTGAAAATGCTGATCGTCGTCGTTGTACTTTTCGCGACGTTGTGGCTACCATATCGTGTGCTGCTCG
A K V N A NMNNOQ S R I Q WV V KM L I VVV V L F A T L W L P Y R V L L

TCTATAATTCGTTTGCCAGCAAGCCTTACCTCGAGCTGTGGTACCTGATGCTCTGCAAGACGCTCATCTTCGTCAATTCGGCCATCAATCCTGTGCTCTACAACGCCATGT
v Yy N S F A S K ?PY L EL WYY L ML CK T L I F VN S ATI NPV L Y N A M

!

CGGTCAAGTTCCGGCGGGCCTTTCGGCGGACCTTATCCTGCGATTCTAAAAATCGTTTCGAAAATCGCACGTTTACTACAACAATGACAACGGTCAGGCACACGATAAAGC
S VX F RRAVFURI RTTLSCCDSZ XNUZ RTEFZEN T RTT EFTTTMMTTV RHT I K
CGAAGGATCAATATTGACGGGACGCGAACTCCTAAATTACTTTTGCCTAGAAGCTCGCAGAAATGAGGCAAACAACCGATTTCGAGAAGTACCTCGTCGTAAATGGCAACA
P K D Q Y *
CCTCAACGCCGAACGACACAGAAAATTCGTCGAAAATTGCGCTTGCCGATAAACCTAACCAAGAGAATAAGAATGAATGCAACCTGCAAGCTGCGACTCACCATTGTTARA
CGACTTCACATCCCCCTTAGGCAGCCCTGTTTCGAAGATATTTTGT TGCAGAAAATCGCGATGATAACTCAGTTTTACCCTGCACAACGTTGATAGTATTGCTGACCCAAT
GCTAAAACAGCTAAATCAATGAGTTCACAAAAGTCATGGCCGCGATTTTTCAACGTAGGGACCTGTAACTGGTCGTCATTGAATGAGTAAATTGAAAGAAAAACATTAAAT
TGGAATTTTCCTGACTGAGTATAATTATAGTAGTATCGATAAAGTGAATTAATGTACACTAAATATGAATCTATCGTATACATTTTGGTGGAATGTAGCACTTAAATGTGC
TTTGAGCACAAAAAAAAACAAGCAATAGATATCAATGCCTGATATCCTAAAATTATAGTTTGTACCGTTGATGCAATAGACCATAACTGCATTGGCCATTGGGTCGTTGTG
CTTCTGCAGACTGCAGAATCGTCCAATGTGTGCAGATTCTCTGATTCGCTTCACTGACGTATTGCGTTTTGCCAGCCGCCAAGGTGCACTCAAACAAAGTCTACCATAAGT
CGACTTCTGCGTATTTATAATCATATACCCTCACATCGTGTACTTTAACATCCTGTTTGTGTCGTACCAACAAACAAATCAACTTCCTACACGTTTCGCGTAGCTTCCGCC
AATAGCCCAGCCCGCGCAATGAAATCAGTCAATAAAACAAAACCCGAATGCGCGAGATGCACCCAAGACGAATCGAGAGTCTTTTATCTGCAGT TAGAAAGGCAAACGAAG
ACTCTTTTGTTTGCTTCCGACGTGAGAATTCCCGTACCACGATATTATTCGTAAGATGAGTGGATCTGGGAGGAGTCGGGGAAAATGTTAACCAGCGGGAATAATTGAACG
AGACCGAAGTAAAATCGAATTGAAGTTAGACCGAGTTTATTTTGCTTCCAGTAATCAGTACTACTATTGCTTATGCTAATAGAATACTAAAGGAAATAGATTCAGCCTCTC
TTAGTTGTTTCGTGAGAACGAATTTTACGTGCAGACGCATAGACCAACACACACACACACACGTACACGCCCATGCCGGCATGAAAGGATAATAAACAGCATAGAATTATG
ATATCTGTATGGGATGCAACTGCGGGCGTCGTCGGAAAAAAACAAAAGGTAAGAACTACAATCACATT TTGTAGATTAAGAGCAACACGCCATGTTTTCATGGTATCAATT
CAGACAAGTATAGAGAGTATAAAAAAAAATGTGATCTAATTAACATTTTTCACTTGGCCAGGCGGCGAAATGGACACTCAAGGCATGTTAAAGTTACTAACTAAGACAATT
TCTTTCAAAAAGCTAGACTGTTTACGAAGTCCAGAACTCTTCACAGCGGAAGCAGGTGGGTGGTGTAGCAGCTTGAGGTAGTTCATCTATGCATACACATARACCACTAGG
ACCGTATAACGGACCATTGTAGCGGCAGTACATGCAAATGTAAGATGAATGCAGCCTTAACACTGTCGATTGACACAGACATTTAATTTTAATCTGTATCTTTAAAAATAT
TTTCTAGTACAGTTTAGAGTAAAAAAAATAGTCCTCTTCCTATGGCGGGATCAGATTATCATAAGTAGAGATTCCGAGCAAGGAACATACGACGAATATGT TGAAAACATA
CAATGGATCTCAGTAAATCCGAAGATGACTTTTGCCGTGACAAATGGCTCTATCTATTGTGCATGAGAGCAGAAAACCCGTTGAGGCATTTCCTATTAACTCCGGGAAAGA
ATAGGCCGGCTTTGAGCAAGGCACCAACAATCTGTAAACGACACCAGTCTGTCACACAGT TTTGTAAAACGGCTAAAAAAAAAAATACGGGGTACATCTACGAGACAGAGT
AACGATCAGACTCTCTTCTAGAGTTACCCACAACATGTAAAAAAAACTGATTAAAGAAGAGCAGT TTTTCATAAGATATTTTACCTTATTGTACAGTATGATGTTATAAAC
GAGGGTTGATGAATATATAAATGACATTGAAAAAAAAACAGTCGAACCTGGTGTATATATTTATTCTTCTCACTGAAAAACGCCTCCATATGTAAATGTAATAGAATAATC
CGAGCAGGAGGTAGAGGTGGACAGGGTAAGAAAGGGCAAGAAACGAGAGTGTCCGATGAAAGAGARATGGTCTCTGTGCTGTGGTGTTAATAAAAGCGTCAAAATATTTGT
CGGGTTTGTGAAAATATATATTAAAATGATGACCATGATAACGAGGATAARATAAAATGACGAATTACCTTGAA

EFLR2:

ATTCGATCGTTATTGGAGTTTTAAAGTACTGCGAAGAAGTTCTTAAGAGTTCACCTGTTTCAACGGGCCCAGCCATACGCGTACTCTTCTATCCATTAGCTAACACAGTGC
CGTGTCGCCGCTTTTGTGGTTTCGTGCACGCATGTGTATGTGACATGGCGATTACCATTGAACTCGATCATTTGTTTGGATGTTTGTTACTCGTGCCCCTGGACGTAACCT
AGCAGTCTAACGAGTCGAGAAAGATCTTGTACTGGTTTTTCAGAAAACAGAAACGAAACCATGTCATATCCAGGCTCCGAAACAATTTTAGATGACTACGAAATAATAGCT
ACAACCATGTCGTCTTCTTCTTTTGATTGTTGCTACATGCGCCATGTCTACAATGTGATAGTGTGTCAGCCTGTGCGTTTGTATAATTCACCACTACCCAGCCACGTTTAA
CTTAGGTCGGCTGAAATTTCAAAGAAAACCGAATCTATCGAAGATCTCGTTTCCGAGTGCTTTCACATTCGATTATACTCGTTAGTTCTGTGCTATTTTCTGTTGTGCCCA
GAGCCGTCGCTATCGCATGATGTGCTGCTTCGGCGAAAAAGTCGCTCCGGCGTTCTGTCACGTAAGACGACGGATGCTGCTACTAGTAACATTATTTCTTGTCATTGATGC
M M C ¢C F G E KV APAUF CHV RIRIRMILILIL V TIL F L V I D A
GCGAACGGTTAAGTCGACATGCGTCGGCGGAAAAGCACATGGCGGCAGCGGAAGCGCAGGCGCGAACAATACGCTCCCATGTACAATCACAACTATAGGGGCAAACAATAA
R T v K s T ¢C Vv G G KAHGSG S G SAGANNTIL P CT I TTI G A N N N
CAATACAAGCAGTAATCGAACGAATACAAATAACAGCAGTATTATTAATAGCTCTAATAACAACACCGGTGCTGATCATAACGGTGATAACAATGGTCATTATATTAATAG
N T s S N R TN T NN S s I I N S S NNNTGAUDUHNGDNN G H Y I N S
TCTAACAGATAATCTTACTGCGCCCGCGCCGTCCGAATTAAGCGGCACCAACCGTAGGAAAATAATGGACATTGGCTTCGCGAGTAGCACTCATGTAAACATTGCTGCTCA
L T b N~N«L TA©PAUP S EIL S G TN R R KIMUDTIG FAS S T HV N I A A H
CTCTGGCCGTAAAGAAGCTGCACTGACGTCGCTCTCATCGTCGCCCGCCACAGGCAATGCGGACAGTCAAAACGGTGACGCCGCAGGTAGTATTGATAATATAGGGGGTAG
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S G R K EAAL TS L S s s P ATGNA ADS QNGDAAGS I DNTI G G S
TAGCAACATCACGACCAACAGCAGTTTCAGTGGCAGCGTTACAAACGCAACTGCACGCGCCAATAGCGTCAGTGAACCAACTATCCGTCCACGGGAGCCTCGCTACCGGCC
s NI T TN S S F S G s Vv T N A TAURANSV s E P T I R P RE P R Y R P
CATGGTCGATACTGTTGTAGGCTCCATGGTTCTCGGGGCCATTCTCGTTATTGGAGTGGCCGGCAACGCCATGGTCGTTGCTGTGGTCGCCCAGACGCGCTCGATGCGGAC
M v DT VYV S MVL GGAILVIGVAGNAMUVVAUVVA QTR S MR RT

ACCAACAAACTGTTACCTCGTCTCGTTATCAGTTGCCGATCTCATAGTACTTCTGTCAGCGATTCCGAACGAGATTCTCGCCCAGTACATCCTCGAGGATGAGTGGGTCTT
p T N C ¥ L V. S L §$ V A DL I VL L S A I PN E I L A QY I L E D E W V F

TGGTCGGACGGGCTGCGCGCTATTCGTTTTCTTCCAGTACCTGGGCATCAATGTCTCGTCGCTGTCAATTACTGCGTTCACCGTCGAACGCTATATAGCCATCTGTTTACC
G R TG C AL F V F F 0 Y L 6 I NV S SL S I TAU FTV EUR Y I ATICTUL P

GATGAAGGCACAGACGATGTGCACGGTGAAGCGTGCTAAGAAGATAATTCTTGCCGTGTGGTTTTTTGCTCTGTGTTATTGCTGTCCGTGGCTGTTCTTCCTCACAACGAC
M K A QTMCT V K RAK K I I L A VW F F A L C Y CC P WL F F L T T T

GAAGCCGATTCACTATCGCGGATACGAGCACCGTTACATAGAGACATGCACGTATTCCTTACATAGATCCTTCTATATGCGGTTCTTTTTTGCTGACATCATCCTATTCTA
K p I H Y R G Y E HUR Y I ETOCT Y S L HR S F ¥ M R F F F A D I I L F Y

CGTCATTCCACTCATTCTGTCCTGTGTCCTGTACGGACGAATGGCTCGAGTCCTATTCCATACGGACATTGGTGCTATGGCCTGTAAGGCTAATGGAGAGGCTAAGGCAAA
vI pPL I L s €CVL Y G RMARVYV L F HTDTIGAMA AT GCI KA ANGEAIK AN

CGCGAATAATCAGTCGCGTATTCAGGTGGTGAAGATGCTGATCGTGGTAGTTGTGCTCTTTGCAACATTGTGGCTACCGTACCGTGTACTGCTCGTCTACAATTCGTTCGC
A N NO© S R I OV V KM L I VVV VL F AT L W L P Y RV L L VY N S F A

CAGGAAGCCCTACCTGGAACTGTGGTACCTGATGCTCTGCAAGACGCTCATCTTCGTCAATTCGGCGATCAATCCTGTACTCTACAACGCCATGTCAGCCAAGTTTCGGCG
R K p ¥ L E L W Yy L M L. ¢ K T L I F v N S A I NP V L Y NAM S A K F R R

CGCTTTCCGACGTACCCTATCATGCGGCTGCGGGTGTGGAGATGTACGCTTGGAGCAACGAGGTTTTTCAACAGTCATGACCGTCCGCCAGCAAACGAATTTGCATCGTCC
A F R R T L S C GG CGCGDV U RL EQIRGVF s T™VMTV R Q Q T N L H R P
TTCGCGAAAGGATCAATACTAAGGACGCCCTCAAATCACTAGGACCCGTTCCCTTGATGCAGACGGATCAACGAATCGAGTCAAGGGAAGGAGCTATAATTTGCTTTTCCA
S R K D Q Y *
TTGAGAAAAAAATATATAGCGTAAAAGGTTAAATATTTTTTGGTTAGCGCGAAGATCTGATGAAGCGATGAAATTGCTTGGTCGTCTTCGATTTTTGATATATATTAAAAG
TAATATGTAAAATGAAAGGATACCTGGCGTGCATGAGTAAAGTAAGTCTGTCCAACACAGAAGCAGCTCTATCGGGCTTTTTTTCTATACATCCAAACACAAAGAAACACC
TTGTAGGTAAGTCAAACAGTTGCTTTTATGCATTAATCATACACTGGCCGTATCATTTACAACTGACGCGGCTCTCTTTGCTACCAGCGAGCCGTTCCGTATATGCGTATA
AACTATATCGCATGTTCCGAGCTCTGAAACTGACGTTAGCAATGATTTTAGACTATTAAGCCAGATAGTTAGAGTCCATGCTGGAGATCCACAATGTTCCATTCTATTAAA
ACAGGCAATTACCTAACATAATGTCCTAAGTTACTTTTGAGCCGGAAGGAAATTCAAATTAAAAGCCACCTTTCCCTCCTTTAGCGTCCTTGTCAAGCTACTCTTGTCCTT
TTACTAAATGCGTATGAATATGAATACCGGCCTATGTTTCTAGCACCAACGCTACAGCGTTCTAATTGACTCTGGCTAACTACTACCGCCCACGTACCGGGAACTGGTTTA
TAACATGACATTGTTTTACAGACCAATTCGCAGATTCGAGAATAGAAAGCCATGTAATATAGATAGGATTGTACCATAAGCGGATATTATAGGCAACAAAGGGCACAAGGC
GAAGCGAGCATTTCATTGAAGGTCCAGGGCTGATGTTGAACATTGATGCTGTGTATAACCGCCAAGAGACGAACGCCGAGTGTCGTGTCTGTCGCATTCTGTGGTCCTTGT
CTTGGTTGGCCATGGTAATTTTCTTAGAGGGTCGACGATATAACCCTCCCGCATGTATAAACACGGTGTAAAGATAAAATCTCGTCAATATGATTTGATGTATTGACTAAA
GAATAAAATGAAATCAGAATAATGCACCGAGCGTGGCAGTCGGAAATGGAATATTGCAAGCAAGAAACTGCGTTATGAGTTGATTGTCTAGGATGGGTCCTTTTACTGTCA
CAAACGGAAGGATATATACACTAAATGACAGGCTATATATATAAATATATAAAAAGATATATATATGTGCATGGTAGTGATAATGCTATGTGTTATTTCGTGAAGTAATGT
TGGAAAGAATGATATGGAAAGCTTCGATGGTAAATAAAAAACGGTTACTTAAATAG

B) Multiple sequence alignment:

polyphemus EFLR
polyphemus EFLR
polyphemus EFLR
polyphemus EFLR
polyphemus EFLR
polyphemus EFLR
polyphemus EFLR
urticae EFLR
scapularis EFLR
scapularis EFLR
destructor EFLR
destructor EFLR
jacobsoni EFLR
jacobsoni EFLR
migratoria EFLR

M S << HHNBBEBRBBB®

polyphemus EFLR
polyphemus EFLR
polyphemus EFLR
polyphemus EFLR

B o B |
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EISS<SHH_BEBREBEBEBEBEE

E<S<S < HHRBEEEBEEBEEE

IS << HHRBEEBREBEBBEE

polyphemus EFLR mVPNEMLSYBLLGDEWIWGRAGCHS
polyphemus EFLR ASEVPNEILSY LLGDEWIWGRWGCAL
polyphemus EFLR ASEVPNEJILSYYLLGDEWIWGRAGCH
urticae EFLR LGDEWIWGRJGCAL
scapularis EFLR LGDEWIWGRAGCAL
scapularis EFLR LGDEWIWGRAGCAL
destructor EFLR

destructor EFLR

jacobsoni EFLR

jacobsoni EFLR

migratoria EFLR

JeleRR Y%l IS A N T F'T.OYLGINASSLSITAFTVERY IATCHPMKAQWM

Jolol R el AN T FT.OYLGINASSLSITAFTVERY IATCHPMKAQW

polyphemus EFLR 3FIFEQYLGINASSLSITAFTVERYIAICHPMKAQM

polyphemus EFLR 4FIFLQYLGINESSLSITAFTVERYIAICHPMIAQM

polyphemus EFLR S)lESNACNSNEERN:SIIMSENVNNE NN VN0 -82I0N0)

polyphemus EFLR 6jESENONSNCARNNSISIRSRRIVNIY ERYIAICHPMIAQM

Jele BRI ISl AN NI T F'T.OYLGINASSLSITAFTVERY IATCHPMKAQWM

urticae EFLR FIFEQYLGIEASSLSITAFTVERYIAICHPMKAQK

scapularis EFLR |ESEEC)EHEINN:CIINENYNNAVAHNAW-NNES | |HUI0NG T

EleL )R A AR NN T F' QY LGINASSLSITAFTVERY IATCiPMKAQK

destructor EFLR FIIOYLGINASSLSITAFTVERYIATCIMPMKAQEK

destructor EFLR FFQYLGINESSLSITAFTVERYIAICLPMKAQT

jacobsoni EFLR FIIOYLGINASSLSITAFTVERYIATCIMPMKAQEK

jacobsoni EFLR FFQYLGINESSLSITAFTVERYIAICLPMKAQT

migratoria EFLR

polyphemus EFLR LEYIRPLLLSCVLYGLIAR
polyphemus EFLR 2)R-1NRNNN NS FYIRPLLLSCVLYGLIAR
polyphemus EFLR 3iR-I3NRELV)S LEYT PLLLSCVLYHLIA'
polyphemus EFLR LFYIFPLILSCVLYGLIA'
polyphemus EFLR OSl-|NRNGN NS LEYIRPLLLSCMLYGLIAR
polyphemus EFLR 6lll-|3MeNT K S FYIBPLLLSCELYBLIAR
polyphemus EFLR 71NN NS

urticae EFLR

scapularis EFLR

scapularis EFLR

destructor EFLR

destructor EFLR

jacobsoni EFLR

jacobsoni EFLR

migratoria EFLR

polyphemus EFLR TN[PIESKSEFGIMRNQTDTASDW——-———————————————————————————————————
polyphemus EFLR 2 TNSIFGEDY(Q RNEVKT—SDW —————————————————————————————————————
polyphemus EFLR 3/ ABGTE I HRRKMAR - ~EGNPPRDS—— = === === === m e
polyphemus EFLR 4 TNIBMSKNPG: -—[@NGSSEES—————————————————"—"—"——————\—(—(—(—(————————
polyphemus EFLR 5 AMJTE “MPRNMVEi-—[@GNSPGDS—=—————————————— o mm oo
polyphemus EFLR 6 SNEMPKNPEN-—{@SNQASVS—————————————————————————————————————
polyphemus EFLR 7 AT :MPRNV TRi-—[GNPPRDS——————————— == —mmm oo
urticae EFLR NNPIESKTMGASTSSSSSTSTIITGITAKSNQANSSSTSNHSHTNNTHHHHQSSHSTS
scapularis EFLR ORNFS-—- ABANETDS - - —— -~ ——
scapularis EFLR 2 ——————————— - -
destructor EFLR HI P HGAMT TAAKTANGQT TA-———————————————————— o
destructor EFLR 2|/MgH I BGAMACRANEE-———————————————— oo
jacobsoni EFLR Ho P lGAMT TAAKTANGQTTA-——————=—————————————
jacobsoni EFLR 2|/ s MGAMACKANEE -——————————————— o
migratoria EFLR RRAALAASGGAGLSPHASAA——————————— == ——— oo
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polyphemus
polyphemus
polyphemus
polyphemus
polyphemus
polyphemus
polyphemus
urticae
scapularis
scapularis
destructor
destructor
jacobsoni
jacobsoni
migratoria

polyphemus
polyphemus
polyphemus
polyphemus
polyphemus
polyphemus
polyphemus
urticae
scapularis
scapularis
destructor
destructor
jacobsoni
jacobsoni
migratoria

EFLR
EFLR
EFLR
EFLR
EFLR
EFLR
EFLR
EFLR
EFLR
EFLR
EFLR
EFLR
EFLR
EFLR
EFLR

RYMELWELMEFCKTMIFE]
RYMELWELMEFCKTMIE]
RYME@WFLMFCKTMIF

LARVVAR

NSAINPILYNAMS
NSAINPILYNAMS
INSAINPILYNAMS
NSAINPILYNAMS
NSAINPILYNAMS
NSAINPILYNAMS
NSAINPILYNAMS

FATLWLPYR
FARLWLPYRE

Figure 3.21 Gene structure for EFLamide receptor sequence in V. destructor and V.
jacobsoni is shown. The 7 Transmembrane helixes are indicated by blue color highlighting
and underlining. B) Multiple sequence alignment of EFLamide receptor from various
orthologous species across Phylum Arthropoda.
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Diuretic hormone 31 type receptor:

A) Gene structure

V. destructor

TTAACACTAACATTAGTAACGGTAGCGAACACCATACGCACTACGGTGAACAAGGCGTCAGACTACGTGAACGATAGCGACGGAACGTCAGCGCTAGGAAGCAGCTATAGA
GTAACGATACAAAGCGACAACTATTGCGAACATGCACACTCGCTACAAGGCGACAATGACATGACTACATCGGGAGTGGAAATAACAGCAACTGTGTAGCAACAGCGGCGG
CAGTATCCGCCGGGCTAACGTAGCCGATTGTGTCTGTACTCGGAAACGGGCCACTAGCGTTGAAAGTACTGCGAACAACAAACACGATACGCCGGTAGCAGCGACAGGCAG
TCTAACCAAAGCGGCCCAGACGGTAAGCCCCAGCGGCCTTTGTTGTCTGTTTCCTCGCGAARAACCTTTCTCGCCGGCACGCCCGCCTGCTGCGCGGTGTTCAATAAGATCG
CGAGTCCTGCCACATGTCTGTATTTGTGTGTTGTCTTACATTTGTCATACGTGTACTATTACCTAACGGCAGCAACAGAACAGCAATTAGTGGGATAATATAATCAACCTG
TACGGAAATATTAACATTACCACAATTGGTGACGTTGTTACCGCTGTTGTTGTCGTCATTATTGTCTACGCGTATTGGAAAAATGACAATTACCGTGGTTGTCTCTCAGAG
CAGTGGTTGATAAGCGCAACTGTCGATTGTGTCTGACGAAGGAAACAGATGTAATGGACATTACAAAATGTTTTGTCTGTTGATCTCGATTGAGTTGAGCGAAGCTAGTCA
ACCGATCGAGCGTGATCAGGTCACTGTTAAATACTGTAACTGCTTCGAAGCAAATGCGGCTCTAAGTTTGAAAAGGAAAGGTAAGATTGCACGTTTCATGGCAAACGATAG
TGGACATTGATCGGAAAACTAGAACATAGAGCAAATTAAGCAACATATTTTAAGGACTACGACTTGTGTTTCACTGGGCCTATACGAATATCAAGAGAAAAAGAGGCAACG

CGATATAGGACAGCTCCTGTTGG’iAAAACTTCAAGCATCCCATCATAAGTGCTCAAAGGCGTTTGAGCTCTATAGACGTAGAGCCCAGCTAATCGTAGGTCGGATACTAC

GTTAAATAGAATGATATAAGTCTGATATTTATTGAAGCGGAGCGACAACGGACGTACTTTAATTAGAGCAGAGAAAACCACATGAGAAATCCATTTGTGAAAAAAGCAACA
GATAACGAAAACATAATTTAGTGCCGCAAGCCAGGAACACTCCTGTAATCCTCTGATTCCCACTTCTTAAACCAATCGACTTCTTTTGGAGCAAAAGTCCTTTAGCCGGTT
TGTCCTACTAAACAGGACACGCTCGTCTTGCTTGCGGGATGAAAGCCTGACCCTGGCTCAAAAGGCTGAGGGATGACTCTGCTACCATTGTATTCGTTGTGCACGTTATGG
M T L L P L Y S L C T L W
TGCTGCGCTATCGGATTAGCAGCCACTGACCAGAATGTTAATCTTATGATGCGTCGAATCGAGGGATATGTCTTGTGTCACCAGGCAAATGATTCAAACCAATCGGGCTGC
c ¢c A I GL A ATDOQNVNLMMURURTIEGY VL CHOQANUDS N Q S G C
CCTTCATATTTCAATGGATTTGTGTGTATCCCGCCAGCAGCTAAAAAAACGGATGTGCTTGTTCGATGCCTGTCAACGGGAGGCGTGGCGAGATACGTTTGCAGCGAAAAT
P s Yy F NG F V CI P P AAK K T DV L V RCUL S T GGV A R Y V C S E N
GGTAACTGGGTCGATATCGAAGACTACAAAATGAAATGCCATGAGAAGACAGCCAGTGGCAGCTATGAGTACGACAATGAACTGATTCAGGATGTAGCTGGCACTGCTGTC
G N W VDI EDY KM K CHEXK TAS G S Y EY DN ETLI Q DV A G T A V
AAAGTGCCGTGGGAACCGTTCAGAGCCGGCGAAGAAGCGGAGGTAAAACAGGAGTATTTTAAGGTGTGCCTCAAGGAAATACTACTTGCCCCGCGACGGGAGTCCAACACT
K v p W E P F R A G E EAE V K QE Y F KV CL K E I L L A P R R E S N T
GGGATATACTGTGAGCGCCATTTCGACGGCTGGGGATGCTGGGCCGATACTGATGCTGGACTCATAGGCTCAATCAACTGTCCGCCATTTATTCCCGGCTTTATTCAGAAG
G I vy ¢ ERHFD G WSGCWATDTIDA ASGT LTIGS I NCUPPF I P G F I Q K
CTAAAAGCAACGAAGGTTTGCACTACTAATGGGACATGGGCGTATAATCTCAATACGCGCCGCCATCGCTGGGCTGATTACTCGGGCTGTGTGAGCACCCACAAGCTCCGL
L K A T K Vv C T TNGTWAY N LN TR RHRWAD Y S G C V S T H K L R
CTAAGCGAGATCGGTGTTAACATCTACTTTAGCGGCTATATAGTATCACTGATCGCGCTCAGTTTTTCATTAGCGATATTTTTCTATTTTCGATCGGTGTTACACTGCGTC
L s I GV NI ¥ F S G Y I Vs L I A L sS F S L A I F F Y F R s V L H C V
CGAATTACGATCCATAAAAATCTGTTTGCGTCGTTTATCATTAACAATCTCTGCTGGCTGGCATGGTATATCGAGGCATCGAAAGAAACATTTCTTGTTGATAACTCGTTG
R I T I H K N L F A S F I I N N L €C W L A W Y I E A S K E T F L V D N S L
ACATGCCAGTTGCTGCACGTGATTACACACTATTTTTTGTTATCGAACTACTTCTGGATGTTTAATGAGGGTTTGTATTTGCATACGGTATTGGTATTTTCGTTCGTGAGT
T ¢ ¢ L L H V I TH Y F L L S NY F WM FNE G L Y L H T V L V F S F V S
GAAAAAAGACTCATCTACTATCTCTACCTTATTGGCTGGGTTCTGCCAGCGATAATCATTATTGCCTACGCCGTACCCCGTGCACTGGATCCAATGGCGTCAGGCTCGTGC
E K R L I v Yy L ¥ L. I 6 W VL P A I I I I A Y A V P RA LD UPMA A S G S C
TGGACCGACGCTTCAACCGTCTATACCTTTGTGCTATCCATTCCTATTACGCTATCGATCGTGGTGAACTTTCTGTTTCTTATCAACATCGTCCGGGTACTATGGTCGAAG
w T™ D A S T VY T F VL § I P I T L S I V VN F L F L I N I V R V L W S K
CTGAAAGCACCTGGGCAAACTTCCACATCGCAACAGGAGTCGTCAGTGCCCATTCGAGCTATTAGGGCCACGCTCATCTTGTTGCCACTGCTTGGCCTTCACTATATTTCT
L K AP G QT ST s Q Q E s s v p I RATI RAT L I L L P L L G L H Y I S

ACACCGTTTCGGCCGGGATTTAATTCGGCCTTTTATGAGGCATATGAAATTTATTCGGCGGTGACAACCTCCTTCCAGGGTCTAGCTGTGGCAATTCTGTTCTGTCTATGC
T P F R P G F N S A F Y EAYE I Y §SAV T T S F O GG L A V A I L F C L C
AATCAAGAAGTCGTAGCCCAGGTTCGGCGCAAAATTCAGCTAACGTCGTGCTTTAAGCATCGCTACATGCAGTGCAGCACCAACGGGCAACCGGCTTGCGTGCAGGCGTCC
N O E V VA Q V R R K I QL T s C F K HRY M Q C s T NG Q P A C V Q A S
GTGCATCATGACCAGCATCGAGCTAGCACTGTTGGTAGTATACTGTAATGTACACGGTGTCACTCGTACGACCGTCCGGCAGAAATAGAAGCAATGTTGTCAGCCGAAAGC

V H H D Q H R A S T V G S I L *
GAACTCGATTCGATACGGATATGTTTTTAATTAGTTTAGTGATTTAATGACTTGACGAGTAGAAACAACATTATTAACAGATGCTGACCGAAATCCTGATACAAAAAGTAT
TTGTTCCTGGTATTCCGAGGATTCGTATCAGCGTACGGACATAACGTACACCGACTAATGGCATCAACGGAATAGAAGAGTTTCGGCGTAACCCAAAAATGATCTTTTGTT
ACAATACACCAACATGCTGTATATGATAAATTATATAATTCAGAAAAAAACAAACCTTGTTTCATTGTATGTACGCGCTAGAGTGAAAAATACATTGTAAATGTACATAGA
TAGATTGAGAGATGTATGTAGATAGAAAAGATGATTCGTTTATGTTAGGTACGTTTAAAAAGAAGAGTGAGCAGCGGGATCTATACTTGCGTGGGTGCCGCTTCTTGGCCC
CGGATTCAAAAGAGGCGTTTCGGCCAGCTGTGTAGTCGTTAATTTCCCTATAAACAACACCCCTTTACCCTCCGACTTTCCTTAGAACCAACGTTCGCGGATAAAACTAGC
ATCGTGACCGATCTTATCGTAGATGGCAGGTGAAGATATAACTTGACCTTCTTCTGAAATCGTTCTTGCGCGATATAGATGACGGCGCGCATCCGTGCTGTATGTGAGCAG
GGCAAAGTCACTGGACATGGTATAACGAGTTGACGAAAACAATTTCCTAAAGCGTCCGAACTACCTAGTTGTAGCGGCACATATATGTCTGTAATGTATCTATTTAACATT
TATATAAGACGCTTATTATTAAACTCTTTATTGTACCTCTGTACAGAAATAACGAATATTAAAAGTATACATTATTCGATTCGCTTGCGGCATAGCGTTTATGTGTAGAAG
TGAGTACTTATATTGTACCTCATACAGAACGATTACCAGGAACGTGTCCTTCAACCATTTCTCATTGGGGACTATTTAAATACGACCACGATTGGCGATCACTCACATAAC
GAACTTCCATTCATCTAAAGACAGCATCAAGGCGTTTGTTGTTAAGTTTCTTCTCCATTTCGTCAGAGTACATCCTTGCCTTGTTTACCACTGTTCACAGCACTCACTAAT
AATAATAATTGTTTTGAGCTTTACGCCATGAGTCATCGTCAAACGTTTACAAAGTAATCAGTCGATACCTACTTGACAGCCTAAAACGCAACAAAAATACTAACATTGCAT
GTATGATATTTGCGCTCATAATAGGCCTATTACATTCTTCGGTCGATAACAATTTATCACTGTCGAGGCGTAAATAACTTCTGAGGACAGCCCAACGTGGCCAACGTAACA
TCAGATGCTGACAAAAAAAAAACTGGCGCTTTCCTCAGAAGGAAGGCAAGCGCTTTTCTCAAAACAGACCGTGCTGATTTCGTGCATGATCAGTTCAACGAGCGCTACCGA
GGTATTCCTCATTCTAAAAATAGACCGCTCAGTCAAAATAGGGGCAGAACTAGAATTTCTGCTAATATCATGCGTGAACCTATCAAATATGAGACTTGCTTGATCACATCA
ACGATTTTCATCAGTTCAGATAAAAGGCAACAAACGAAAATTCGATCGAAAGTCCGCTGTTTTTGTAAAAGTATATTTATCAAGTACCCTTCTAATGTTTCCCTTAACGTT
CTTCCCATTCGACTAGGAAGCCAATAATTGCGACCTGGTTCTTTGTATTAGCATCGACCACACCTATATTTGTAACAAACTGTATAAAAGTGACACGCTCCATTGCTAAAG
ATTGCGTCGCCGAGCAACACCAGCCTTATTTGTAATCAGACTTATTAACGAATCAGTAAATCAGAAAGAAGAACATGCGCTACTGTAAATGTTCATTCTGCAACAAACCGA
AGCACGTACGTACGTCCATACACGTACGTGCGTCGGTTTGTTGTCACATCTATGCAGCGAATCTAAAAACAAACGCAACTCTTAGCCGATATCGCTGATGTACTGCTATTC
GTTGACTTGTTCCTGCCTAAGCAATGAACACCTCTGTCTTTTAAGCGCTCGCTTTCAATCATACGGCCAAATCGCACTCGAGACCTCCGATAAGCACCATGCGTCAAAAAT
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GTCTGCATGGCATGGATCTGTGAAAAATCGTCGTCCAGTCATCATTATCAGGTCATCTTGAGCAGGTTGGTAATGATGGTTCTGTCACACGTCTAATCATACTTGCTCTGA
TACGGCAGTAAGCACTCAACCGTATAATGTAATAATAGCTTTTATAATGAATCGCTTATCACAGATTATTGACGGTACGCGTCTGTGCGCGAGAAGGTCGATTACCTCATT
ATACCTCCTGATATACCTTTACTATACTTGATATACCTCAGGTATATCAGTAGCTATTGAAGCAGAAGTGGTGCTAGCAAGTACCATTAAATTCCTCGTCTGCGGTCAGAC
CGAGTATGCGTGACACCGCGGGTTCAAGGGAGGCGTGAACTAGATTAAACAATACGTGACGATCGAATACAGCCAGGATAACGCGTTTTCGCGACCGACCACCCAACAAAC
AGATCTCGAAGATCTCCGGTATCTAGAGCGTATAGCGACTGAGCCGAGCGTGTCTTCTGTAACAAACGATACTGTTAATTAATATACTAGCACGTGTTACCAGTACACGAA
AGTCGAAAAAGGATATTTCGGCACGGTGTATTTGGCCTCATGAGCAGAGACCTATATATCCAGAGCTCACCCTACATTCGGTCTATCCTTCCAACTTCGATACGTCACAGT
GATTCGTCCTGGCAGCTATTCAGTTTCTGGACACGTTCATATATGGGTAGTCATTTGACTCATAACCGGATGAACAGGCACTGGGCGCCTTTACAACGTAGGACGTTTATC
ACAATCACAAATGTATTACGATTGCTGCTCTTGCGATACTCAATCGGAACAAAGATATTCGATTGATCAACTAATTTGGTCGTATCTATTTCGATCGGGCATTGCATTTTT
TGGATCTGGGTTTTTTTCCTGACTTCCCTCCATTCGTTCTGATCCACACGATAAATAAATGACGAAAGCACAGCATAAACATCTTCTTTTCAAACTTTGCGAGATAGCCAA
CATTACTGATATTGAAGTAATCCTGTTATTTCATTAAAAGAGATCCGCTTGTTCGTCTAGGTTTTCGTTCTCACTATGGGACTGAATTTTCCAATGTGTGGTGGTAATTAC
TTCTTGCTTATAATATGGGTGTGAGCCTTGATTGCCATTAACACGTGTGGCTGCCGATTTAATCATTCGCTTGCTTATATATAAAAGTGTGCCTATAAAAATGTACGCTAG
TAGTTGGCCACAGGCTAGGCAGATACGTACGACGGAACAGTATTTGTTTAATAATCTTAGGGACTTGTTAAATGATTACGTACTGGGAGCCAACTAATTCGAGCAACGTTT
AGCGGCAGCGCACGACGTGAAATGTTCACGAAAAAATTATTAGCAAACATGCAATTACGGCAGTCAACTAAAAGATAAACCCATCAAAAGGGCAAAATAGCTACAATCGTC
CACCTCCATAGAATGGTCCTGACCGATTATTATTTTGATGTAACCAACGCCGCCGGTCAAATATGTTTTTACGTAGAATTTATTTGCTTTTTTAAAGACAAAATTATATTC
TTCTTATTGTAGTTTTCTCCTATAAAACGATACAGCCAAAATAAGTGTAACTTCTCTGTATGATCCGATGATCTGATGACAGATATCGGCTCCTTTGTCAAGTTGGTCAGA
TCTGCTTAGCTGGGCCATCGGGGTCCAGCGTTTATGATATCCTTAAGTTGATAAATTTTTGTTTTTTTGCTGCTTCAAAATCGTAAAGGTAATTTGATTTGTCTTTTATGG
ATTTATAATATAAATGGAGGGTAATAAACTTGGTCAGAGTCTGTACGTAACATTCAACTATAAATTATCTGAATAATATCGACATTATTATAATGAAGGAATATTAAGTAT
TTGCTTTTGTTACCGATAATAGGTATAACAATAATATAGCCTGTGCTATGATTCTCTGCATATTCAACTGAAGTTTTGCCCCTGCGGTAGTGGATACAGGTAGTCGCCAGA
TATTTTTCGTCATCGCTATTTCGGCCCAAAAGCATGTACAAACACAGGTACGATGTGTTCTCTAACCGAAAGACTCATAGCCAGAACAACGGATAAATGGATTGTTTCGCA
GTGGTTAGCATGTGTTAGGACATATATATACATAAACTTGTTTTCGACGTTAGCTGTCGCACGCCTGTTGGTGCGATGAACGGTTAAAAATTATTGTGGGGCAAAGCAGAA
AAAGAAAAACATCGGAAAAAGGATCGGAACGTAGAATAAGCCAATGCCGCTTGTAAATGAAATAAAACTGACAGAATAATGAAAGAGTAAAAARAAAATAGATAAACTGCCA
CAAGTTACTATTACGTGTGTAAGAATGAGATATATTATACAATATTGCGAATGATGAAGAGTGAATAAGGCGACTGGATTCGCTTCCTACGCTATTGCTGTTGCATATATG
ATAGTAGATAAAGGGTTCTATATTGAACAGATTACACTATAGTTTGATACAAAAACAAAAACGCATACCAACGATAAGAACAATACACTTGAGCCAATAAAGTGAGCGAGA
ACGACGCATCGTGGCCGACCAT

V. jacobsoni

TCTTCATACGTCGACGAATTAACACTAACATTAGTAACGGTAGCGAACACCATACGCACTACGGTGAACAAGGCGTCAGACTACGTGAACGATAGCGACGGAACGTCAGCG
CTAGGAAGCAGCTATAGAGTAACGATACAAAGCGACAACTATTGCGAACATGCACACTCGCTACAAGGCGACAATGACATGACTACATCGGGAGTGGAAATAACAGCAACT
GTGTAGCAACAGCGGCGGCAGTATCCGCCGGGCTAACGTAGCCGATTGTGTCTGTACTCGGAAACGGGCCACTAGCGTTGAAAGTACTGCGAACAACAAACACAATACGCC
GGTAGCAGCGACAGGCAGTCTAACCAAAGCGGCCCAGACGGTAAGCCCCAGCGGCCTTTGTTGTCTGTTTCCTCGCGAAAACCTTTCTCGCCGGCACGCCCGCCTGCTGCG
CGGTGTTCAATAAGATCGCGAGTCCTGCCACATGTCTGTATTTGTGTGTTGTCTTACATTTGTCATACGTGTACTATTACCTAACGGCAGCAACAGAACAGCAATTAGTGG
GATAATATAATCAACCTGTACGGAAATATTAACATTACCACGATTGGTGACGTTGTTACCGCTGTTGTTGTCGTCATTATTGTCTACGCGTATTGGAAAAATGACAATTAC
CGTGGTTGTCTCTCAGAGCAGTGGTTGATAAGCGCAACTGTCGATTGTGTCTGACGAAGGAAACAGATGTAATGGACATTACAAAATGTTTTGTCTGTTAATCTCGATTGA

GTTGAGCGAAACTAGTCAACCGATCGAGCGTGATCAGGTCACTGTTAAATACTGTAACTGCTTCGAAGCAAATGCGGCTCTAAGTTTGAAAAGGAAAGATATTTATTGAAG
CGGAGCGACAACGGACGTACTTTAATTAGAGCAGAGAAAACCACATGAGAAATCCATTTGTGAAAAAAGCAACAGATAACGAAAACATAATTTAGTGCCGCAAGCCAGGAA
CACTCCTGTAATCCTCTGATTCCCACTTCTTAAACCAATCGACTTCTTTTGGAGCAAAAGTCCTTTAGCCGGTTTGTCCTACTAAACAGGACACGCTCGTCTTGCTTGCGG
GATGAAAGCCTGACCCTGGCTCAAAAGGCTGAGGGATGACTCTGCTACCATTGTATTCGTTGTGCACGTTATGGTGCTGCGCTATCGGATTAGCAGCCACTGACCAGAATG

M T L L P L Y S L C T L W CCATI G L A A T D Q N
TTAATCTTATGATGCGTCGAATCGAGGGATATGTCTTGTGTCACCAGGCAAATGATTCAAACCAATCGGGCTGCCCTTCATATTTCAATGGATTTGTGTGTATCCCGCCAG
v N~N->L MMURIRIEGY VL CHQANIDSNOQQ S GC?P s Y F NG F V C I P P
CAGCTAAAAAAACGGATGTGCTTGTTCGATGCCTGTCAACGGGAGGCGTGGCGAGATACGTTTGCAGCGAAAATGGTAACTGGGTCGATATCGAAGACTACAAAATGAAAT
A A K K T DV L VR CUL s T GGV AURYV CSsSENGNWV D I E D Y K M K
CGGAGGTAAAACGCCATGAGAAGACAGCCAGTGGCAGCTATGAGTACGACAATGAACTGATTCAGGATGTAGCTGGCACTGCTGTCAAAGTGCCGTGGGAACCGTTCAGAG
c H E K T A S G S Y EE Y DN E L I Q DV AGTA AV KV P W E P F R A G E E
CCGGCGAAGAAGAGGAGTATTTTAAGGTGTGCCTCAAGGAAATACTACTTGCCCCGCGACGGGAGCCCAACACTGGGATATACTGTGAGCGCCATTTCGACGGCTGGGGAT
A E V K Q E Y F K V C L K E I L LA P RREUPNTSGTI Y CEURHF D G W G
GCTGGGCCGATACTGATGCTGGACTCATAGGCTCAATCAACTGTCCGCCATTTATTCCCGGCTTTATTCAGAAGCTAAAAGCAACGAAGGTTTGCACTACTAATGGGACAT
c wADTDAGL I G S I N C P P F I P G F I Q KL K AT KV C T TN G T
GGGCGTATAATCTCAATACGCGCCGCCATCGCTGGGCTGATTACTCGGGCTGTGTGAGCACCCACAAGCTCCGCCTAAGCGAGATCGGTGTTAACATCTACTTTAGCGGCT
W A Y N L N TR RUHRWADY s G CV S THI KL R L S E I GV NI ¥ F S G
ATATAGTATCACTGATCGCGCTCAGTTTTTCATTAGCGATATTTTTCTATTTTCGATCGGTGTTACACTGCGTCCGAATTACGATCCATAAAAATCTGTTTGCGTCGTTTA
¥y T v s L I A L s F S L A I F F Y F R S V L HCV R I T I HKNL F A S F
TCATTAACAATCTCTGCTGGCTGGCATGGTATATCGAGGCATCGAAAGAAACATTTCTTGTTGATAACTCGTTGACATGCCAGTTGCTGCACGTGATTACACACTATTTTT
I T N N L C W L A W Y I E A S K E T F L VDN S L T C QL L H V I T H Y F
TGTTATCGAACTACTTCTGGATGTTTAATGAGGGTTTGTATTTGCATACGGTATTGGTATTTTCGTTCGTGAGTGAAAAAAGACTCATCTACTATCTCTACCTTATTGGCT
L L. $S N Y F WMJFNE G L Y L H T V L V F S F V S E KR L I Y Y L Y L I G
GGGTTCTGCCAGCGATAATCATTATTGCCTACGCCGTACCCCGTGCACTGGATCCAATGGCGTCAGGCTCGTGCTGGACCGACGCTTCAACCGTCTATACCTTTGTGCTAT
w v L P A I I I I A Y AV P RAL D PMAS G S CWwW T DA AS T V Y T F V L
CCATTCCTATTACGCTATCGATCGTGGTGAACTTTCTGTTTCTTATCAACATCGTCCGGGTACTATGGTCGAAGCTGAAAGCACCTGGGCAAACTTCCACATCGCAACAGG
s I Pp I T L S I V VN F L F L I N I V R V L W s K L K A P G Q T S T S Q Q
AGTCGTCAGTGCCCATTCGAGCTATTAGGGCCACGCTCATCTTGTTGCCACTGCTTGGCCTTCACTATATTTCTACACCGTTTCGGCCGGGATTTAATTCGGCCTTTTATG
F s s v p I R A I RA T L I L L P L L G L H Y I s T P F R P G F N S A F Y

AGGCATATGAAATTTATTCGGCGGTGACAACCTCCTTCCAGGGTCTAGCTGTGGCAATTCTGTTCTGTCTATGCAATCAAGAAGTCGTAGCCCAGGTTCGGCGCAAAATTC
E A Y E I Yy § A VT T S F Q G L A V A I L F C L €C N O E 'V V A Q V R R K I
AGCTAACGTCGTGCTTTAAGCATCGCTACATGCAGTGCAGCACCAACGGGCAACCGGCTTGCGTGCAGGCGTCCGTGCATCATGACCAGCATCGAGCTAGCACTGTTGGTA
Q L T s C F K HR Y M QC s TNGOQ P A CV Q A S V HHDOQHIRA S T V G
GTATACTGTAAGTCACTCGTACGACCGTCCGGCAGAAATAGAAGCAATGTTGTCAGCCGAAAGCGAACTCGATTCGATACGGATATGTTTTTAATTAGTTTAGTGATTTAA
s I L *
TGACTTGACGAGTAGAAACAACATTATTAACAGATGCTGACCGAAATCCTGATACAAAAAGTATTTGTTCCTGGTATTCCGAGGATTCGTATCAGCGTACGGACATAACGT
ACACTGACTAATGGCATCAACGGAATAGAAGAGTTTCGGCGTAACCCAAAAATGATCTTTTGTTACAATACACCAACATGCTGTATATGATAAATTATATAATTCAGAAAA
AAACAAACCTTGTTTCATTGTATGTACGCGCTAGAGTGACAAATACATTGTAAATGTACATAGATAGATTGAGAGATGTATGTAGATTAGAAAAGATGATTCGTTTATGTT
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AGGTACGTTTAAAAAGAAGAGTGAGCAGCGGGATCTATACTTGCGTGGGTGCCGCTTCTTGGCCCCGGATTCAAAAGAGGCGTTTCGGCCAGCTGTGTAGTCGTTAATTTC
CCTATAAACAACACCCCTTTACCCTCCGACTTTCCTTAGAACCAACGTTCGCGGATAAAACTAGCATCGTGACCGATCTTATCGTAGATGGCAGGTGAAGATATAACTTGA
CCTTCTTCTGAAATCGTTCTTGCGCGATATAGATGACGGCACGCATCCGTGCTGTATGTGAGCAGGGCAAAGTCACTGGACATGGTATAACGAGTTGACGAAAACAATTTC
CTAAAGCGTCCGAACTACCTAGTTGTAGCGGCACATATATGTCTGGAATGTATCTATTTAACATTTATATAAGACGTTTATTATTAAACTCTTTATTGTACCTCTGTACAG
AAATAACGAATATTAAAAGTATACATTATTCGATTCGCTTGCGGCATAGCGTTTATGTGTAGAAGTGAGTACTTATATTGTACCTCATACAGAACGATTACCAGGAACGTG
TCCTTCAACCATTTTTCATTGGGGACTATTTAAGTACGACCACGATTGGCGATCACTCACATAACGAACTTCCATTCATCTAAAGACAGCATCAAGGCGTTTGTTGTTAAG
TTTCTTCTCCATTTCGTCAGAGTACATCCTTGCCTTGTTTACCACTGTTCACAGCACTCACTAATAATAATAATTGTTTTGAGCTTTACGCCATGAGTCATCGTCAAACGT
TTACAAAGTAATCAGTCGATACCTACTTGACAGCCTAAAACGCAACAAAAATACTAACATTGCATGTATGATATTTGCGCTCATAACAGGCCTATTACATTCTTCGGTCGA
TAACAATTTATCACTGTCGAGGCGTAAATAACTTCTGAGGACAGCCCAACGTGGCCAACGTGACATCAGATGCTGACAAAAAAAAAACTGGCGCTTTCCTCAGAAGGAAGG
CAAGCGCTTTTCTCAAAACAGACCGTGCTGATTTCGTGCATGATCAGTTCAACGAGCGCTACCGAGGTATTCCTCATTCTAAAAATAGACCGCTCAGTCAAAATAGGGGCA
GAACTAGAATTTCTGCTAATATCATGCGTGAACCTATCAGATATGAGACTTGCTTGATCACATCAACGATTTTCATCAGTTCAGATAAAAGGCAACAAACGAAAATTCGAT
CGAAAGTCCGCTGTTTTTGTAAAAGTATATTTATCAAGTACCCTTCTAATGTTTCCCTTAACGTTCTTCCCATTCGACTAGGAAGCCAATAATTGCGACCTGGTTCTTTGT
ATTAGCATCGACCACACCTATATTTGCAACAAACTGTATAAAAGTGACACGCTCCATTGCTAAAGATTGCGTCGCCGAGCAACACCAGCCTTATTTGTAATCAGACTTATT
AACGAATCAGTAAATCAGAAAGAAGAACATGCGCTACTGTAAATGTTCATTCTGTAACAAACCGAAGCACGTACGTACGTCCATACACGTACGTGCGTCGGTTTGTTGTCA
CATCTATGCAGCGAATCTAAAAACAAACGCAACTCTTAGCCGATATCGCTGATGTACTGCTATTCGTTGACTTGTTCCTGCCTAAGCAATGAACACCTCTGTCTTTTAAGC
GCTCGCTTTCAATCATATGGCCAAATCGCACTCGAGGCCTCCGATAAGCACCATGCGTCAAAAATGTCTGCATGGCATGGATCTGTGGAAAATCGTCGTCCAGTCATCATT
ATCAGGTCATCTTGAGCAGGTTGGTAATGATGGTTCTGTCACACGTCTAATCATACTTGCTCTGATACGGCAGTAAGCACTCAACCGTATAATGTAATAATAGCTTTTATA
ATGAATCGCTTATCACAGATTATTGACGGTACGCGTCTGTGCGCGAGAAGGTCGATTACCTCATTATACCTCCTGATATACCTTTACTATACTTGATATACCTCAGGTATA
TCAGTAGCTATTGAAGCAGAAGTGGTGCTAGCAAGTACCATTAAATTCCTCGTCTGCGGTCAGACCGAGTATGCGTGACACCGCGGGTTCAAGGGAGGCGTGAACTAGATT
AAACAATACGTGACGATCGAATACAGCCAGGATAACGCGTTTTCGCGACCGACCACCCAACAAACAGATCTCGAAGATCTCCGGTATCTAGAGCGTATAGCGACTGAGCCG
AGCGTGTCTTCTGTAACAAACGATACTGTTAATTAATATACTAGCACGTGTTACCAGTACACGAAAGTCGAAAAAGGATATTTCGGCACGGTGTATTTGGCCTCATGAGCA
GAGACCTATATATCCAGAGCTCACCCTACATTCGGTCTATCCTTCCAACTTCGATACGTCACAGTGATTCGTCCTGGCAGCTATTCAGTTTCTGGACACGTTCATATATGG
GTAGTCATTTGACTCATAACCGGATGAACAGGCACTGGGCGCCTTTACAACGTAGGACGTTTATCACAATCACAAATGTATTACGATTGCTGCTCTTGCGATACTCAATCG
GAACAAAGATATTCGATTGATCAACTAATTTGGTCGTATCTATTGCGACCGGGCATTGCATTTTTTGGATCTGGGTTTTTTCCCTGACTTCCCTCCATTCGTTCTGATCCA
CACGATAAATAAATGACGAAAGCACAGCATAAACATCTTCTTTTCAAACTTTGCGAGATAGCCAACATTACTGATATTGAAGTAATCCTGTTATTTCATTAAAAGAGATCC
GCTTGTTCGTCTAGGTTTTCGTTCTCACTATGGGACTGAATTTTCCAATGTGTGGTGGTAATTACTTCTTGTTTATAATATGGGTGTGAGCCTTGATTGCCATTAACACGT
GTGGCTGCCGATTTAATCATTCGCTTGCTTATATATAAAAGTGTGCCTATAAAAATGTACGCTGGTAGTTGGCCACAGGCTAGGCAGATACGTACGACGGAACAGTGTTTG
TTTAATAATCTTAGGGACATGTTAAATGATTACGTACTGGGAGCCAACTAATTCGAGCAACGTTTAGGGGCAGCGCACGACGTGAAATGTTCACGAAAAAATTATTAGCAA
ACATGCAATTACGGCAGTCAACTAAAAGATAAACCCATCAAAAGGGCAAAATAGCTACAATCGTCCACCTCCATAGAATGGTCCTGACCGATTATTATTTTGATGTAACCA
ACGCCGCCGGTCAAATATGTTTTTACGTAGAATTTATTTGCTTTTTTAAAGACAAAATTATATTCTTCTTATTGTAGTTTTCTCCTATAAAACGATACAGCCAAAATAAGT
GTAACTTCTCTGTATGATCCGATGATCTGATGACAGATATCGGCTCCTTTGTCAAGTTGGTCAGATCTGCTTAGCTGGGCCATCGGGGTCCAGCGTTTATGATATCCTTAA
GTTGATAAATTTTTGTTTTTTTGCTGCTTCAAAATCGTAAAGGTAATTTGATTTGTCTTTTATGGATTTATAATATAAATGGAGGGTAATAAACTTGGTCAGAGTCTGTAC
GTAACATTCAACTATAAATTATCTGAATAATATCGACATCATTATAATGAAGGAATATTAAGTATTTGCTTTTGTTACCGATAATAGGTATAACAATAATATAGCCTGTGC
TATGATTCTCTGCATATTCAACTGAAGTTTTGCCCCTGCGGTAGTGGATACAGGTAGTCGCCAGATATTTTTCGTCATCGCTATTTCGGCCCAAAAGCATGTACAAACACA
GGTACGATGTGTTCTCTAACCGAAAGACTCATAGCCAGAACAACGGATAAATGGATTGTTTCGCAGTGGTTAGCATGTGTTAGGACATATATATACATAAACTTGTTTTCG
ACGTTAGCTGTCGCACGCCTGTTGGTGCGATGAACGGTTAAAAATTATTGTGGGGCAAAGCAGAAAAAGAAAAACATCGGAAAAAGGATCGGAACGTAGAATAAGCCAATG
CCGCTTGTAAATGAAATAAAACTGACAGAATAATGAAAGAGTAAAAAAAATAGATAAACTGCCACAAGTTACTATTACGTGTGTAAGAATGAGATATATTATACAATATTG
CGAATGATGAAGAGTGAATAAGGCGACTGGATTCGCTTCCTACGCTATTGCTGTTGCATATATGATAGTAGATAAAGGGTTCTATATTGAACAGATTACACTATAGTTTGA
TACAAAAACAAAAACGCATACCAACGATAAGAACAATACACTTGAGCCAATAAAGTGAGCGAGAACGACGCATCGTGGCCGACCATCAGCGGTTTTTTTTCTAA

B) Multiple sequence alignment:

V. destructor = ------- MTLEPly sL.CliLficCENRELAA DN MMRR T EGYVLCHOAN SNOSG@PSY
V. jacobsoni = —=——--- MTLBPiY SLC/ LICCLuREL.AA  DON / MMMR I EGYVLCHOAN| SNQSGEPSY
T. urticae = =  ——--------—-—- MFSES|2iSSFSPSSES@PIA-—————————————————————————
I. scapularis MFFVRRASLTRVEVPCLVC SRE@SRSERVEAIMKALRECERRAVYEPEINDTAV@DWR
A. mellifera ——— == - - -
D. melanogaster —-—-———————————————-—-— M DQNPNATFSGS ——————————————————————————
V. destructor g vEIirga------- AKKTD/RCL VA ENENEVE @Dy U KBHEKTAS
V. jacobsoni N \\;EIPEA ——————— AKKT D8 /RCL EE@EN BIDY KGHEKTAS
T. urticae = = —mm—mmmm—mmmmm oo QU ATATLSSELSSLSSFASESENLTS |D-------
I. scapularis g€ o8rBrrrGeTARRPCPG P NVNE SITR HHE L wEsEDGRTGNYASETTSPYD
A. mellifera =  ——=——=——=—=—==—=—————=——- PANAJASTL-—-—-—-—-- PDEENSIREE e
D. melanogaster —-—-——-——=——=—————=——=————————— SGEGTNER I AEQVAESGIg8F AL AAE--—---
V. destructor GSYEYDNELEoDVARTARKVPWEPFRGE-EANVEOE YR @< i BrrOENT-E1f
V. jacobsoni GSYEYDNRLMODVAET AWKV PWE PFJl: GE-EA VIO |3 (@K o W8 IERR ) SNT—{€TM
T. urticae = = —mmmmmm—m—mmmm—mm———m oo PLIKE EK@KOG MSNIZPS ESL- - KN4
I. scapularis DPELKLLEARTODIEDFPWEQSSLREENWOWQER NHNGWE) RIgPPLLEGNETV
A. mellifera =  ——=——————=—m——————————————— - I BREQEGEOLEANSTPPEP--—§
D. melanogaster ———-——=———=——=———————————————— ETEINASGOMAESGGPGAEAGTH
V. destructor ClaREIE DGWGCWIDTINA GIBNEHE{ TINC PlEF T2 F YN < A BN K M CHMNNG T 1IN 1 12/71ND)
V. jacobsoni CRFDGWGCW SNPP QKLT TTNA NLNTR: BIRWAD
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Figure 3.22 A) Gene structure for DH 31 receptor sequence in V. destructor and V.
jacobsoni is shown. The 7 Transmembrane helixes are indicated by blue color highlighting
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and underlining. B) Multiple sequence alignment of DH31 receptor from various
orthologous species across Phylum Arthropoda.
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Diuretic hormone 44 type receptor

A) Gene structure:

V. destructor

ATAATTATATTTCAGTGCTTCGAATGAACCTAACATTCTTAGTCATTTTTTATGAGAACGTCTGTGACTCTCTTCTTCACGAGCCGCATTTCAAACGACCCATAAAATGAA
TGGCGTGAAACCCTTTATCGTTAAAAGGATGTTAGGTTTATTTAACGGTAGGGTAAATGGAGTATAATCTGGACTCCATTGTGAGCCTAGCACATCTACTACCTAATATTC
GGAGTTTGCCGTAAAGGGGAAGATGAAAGTTATCTGTATACTGAGTGGGCGCTCATTTTGCAGTGATACGGGCCAAGCAACATCTCCTACCATCGACAAGTACATAGACGA
CGACAGACAAATTTTACATAAGAAAGTTTGTTTATGATTTTCGACAAGCGTGTTCTTTATAAGTTGATCTTCAGTAGGCCTCCGTCATGCTATTCCTACTATTACATCAAC
CTGTCTACTCATCTTTCTTGGTCCATATGGCCTGCGAAGGGACTGTTATCTATGTACTTTACTTCGATCGTCCTGTAGATTGTTCTCCTATAAAACACGAAGTCTAGACGC
TTTGAAAAAATTGGCAGTTTATATGAAATTAGGCTGCATACGAAGAATTATTTTCCTCTCTGTGTTGACCAGCATTCGTGGACAAGCCAAGCCTGGACTATAAAGCTGATA

CGAAGGCCGGGGACAGGTAAAAAGGTAGTAAAAAAGCAACAGCTTCAAGAACCCGTTCTCAGCGGAAGTGAGTCGCTTTCGGTGGTGCGTGGCGCCATCCTCGACGCCACT
CCCGGTTTCATCCCCAGAGCCAGCCATCGCTTTTGCATCGTCGTCACCGCCGCCCTTCGGCGTCAGGCGCGGGGCTCGTGCAATGGCTACGCCTTCGGCAAAGGACAGCGT
M A T P S A K D S V
CATGACATGGGACATGTCAGAGCCCGTGGGCAACGGTACCGACAACAGTAATGCCCTGTCGATGATTGACTGTCTGCTCAACGCATACAATAGCAGTCTTCTTAGGTCTTC
M T w DM S E P V G NGGT DN S NAL S M TI DCTULLNAYNS S L L R S S

l

TAGCAAGTACTGCAACGCTACGTGGGACGGTTTGTCATGTTGGCCACTGACGCAGGCAGGACGCTTGGCAGAAGTGCCATGCTTCGAGTCTCTAAACGGCCTATATTACGA
s Ky ¢ N A TWIDGUL S CW P L T QAGIRLAUE VP CUFE S L NGUL Y Y D

CACTTCGAAAAACGTGACGCGTAGGTGCTTCCTAAATGGCACTTGGCACGCGAAAAGCGATTATTCCAACTGCGTACCGCTCATCTCTATTGATAATCAGAATCAAACATC
T s K N v T R R CF L N G T W HA K S DY S N C V P L I S I DN Q N Q T S

AAATATAATGATATACTCGATCGGGTACGGATGCTCGATGGTAGCACTTATTATAGCCATTTGGATATTCATCTATTACAAGGATTTACGATGTTTACGAAATACAATCCA
N I M I ¥ s I 6 Y 6 ¢ s Mm v A L I I A I W I F I ¥ Y KDL RCUL RN T I H
TCTTAACCTCATGGTAACCTATCTGCTAACAGCCATCGTATGGTTTACGATTCAACGACTAATTCTCGTTCGGGAGTTCGGGGATTTCACGTGCTACCTCTATATACCGCT
L N L M VT Y L L T A I VW F¥F T I 0 R L I L V REF G D F T C Y L Y I P L

CACGTATCTTATGGGCACGAGCTTCTTTTGGATGTTTGTCGAAGGACTATATCTGTACATCCTGGTCGTGAAGACGTTTTCCGTAGAGCTGGTGAAGTTATCGGCATACAT
T ¥y . Mm 6 T S F F W M F V E 6L ¥ L ¥ I L Vv.Vv K T F s V E L V K L s A Y M

GTTTATCGGGTGGGGCACGCCAGCAGCAGTCGTCCTTTGTTGGGCAATTGTCAAGAAGTCGTACACTACGGACGACACGTTTTCAGAAAATAGCCCTAACGAGCAGACATA
F I G W G T P A AV VL CWATI V KK SY T TDDTF S EN S P NE Q T Y

TTGTGTCTGGCGGGTACCTGATATGTACGATCTCATCTTCTCAGTGCCCGTTATTGCCGTGCTAATTATCAACATCTTCTTTTTGGCGCAAATTATGTGGGTGCTAATAAC
c v wURV P DMY DL I ¥ SV PV I AV L I I NI F F L A QI MW V L I T
AAAGCTACGGGCTGCTACGACAGCAGAGTCTCAGCAATACAGGAAAGCCGCTAAAGCCCTGCTTGTTCTGATTCCGTTGCTCGGGGGATGCTACATACTTGTCATCACGAC
K L R A AT TAUE S Q Q Y R KAAIKALIL VL I P L L G G C Y I L VvV I T T

ACCAAACGAATACAAGTATCTACAGGCACTCTTCATACCCACTCAGGGTTTGACGGTAGCAGTGTTGTACTGTTTTATGAACGGCGAGGTGCGGAACTCAGTGCGCCATCA
P N E Y K ¥ L © A L F I P T OQGUL T V AV L Y CFMNSGE V RN S V R H H
CATCGAGCGTTGGAAAACGATGCGGGCGCTCGGCAGCCATCACGGAGCGCGGCACTCGGTATCGATCTCGTACCGCTTTCACCATGCCACCAACACCCCAAACCATCATAA
I E R W K TMURAUL G S HHGAWRWHHS V S I S Y R F HHA TN T P N H H N
TAACCATCATACTAACAAGGCAACCACTACAACCCCCAATAATCACCAAAACCAAGCTATCAGTCATCCCGTATTAAACCATATCACCGGTAGCAGCAGCAGCAGCAGCAG
N H H T NKA T T T T P NN H QN QA I S H P V L NHTI T G S S S S S S S
CAGCAGCAGCAACTTTTCCAGCCCGAAGGCAGCAAACATACCCCTTCTACCACCTTCTACTACAAGCACTAACAGGAACAATAACACGACCAGCAGCCGTAACAACAATAA
s s S N F S s P K A A NI P L L P P S TT S TN RNNNT T S S R N N N N
CAGCAACAGTCTCCACAATCTAACAGGTACTACCAATAGCACTCCCACAAGCATTACAAATCCCCTCTATCTAAACCCGATAATTTACCGCGACCATTCTCACTTGCAAAA
s N s L H N L T G T TN S T P T s I T N P L Y L N P I I Y R D H S H L Q K
GCAAAGTGACAGTGGCAACAGTGGCCGCCATCGACGGACATCCACAACAACACCTCCATCGACTGTGATGGCCGCTACGATGGTAAGCCTGTTATTGTCGAACCATTCGAC
Q s b s GG NS GRHWRWRT s TT TP P s TV MAATMV S L L L S N H S T
TAGCAGTGTCAACAGCCCCACGACAAATGGTTCTGCGGGTGATCGTTGCCCTCATGTTGCTGCTGCTGCTGCTGCCGCCAGCTTTTCAACAACTACAATCAGTAATCCTGC
s s vN~N S P T TNGSAGD R CUPHVAAAAAAASF s T T T I S N P A
TAGCGTCAATAACTCCACAGATACTATTACAGACTACCACATTGGCCAAGACATGAGTAAGCCCCAGTTGAAGAAGCCGTTCATTGGGAATGGGCCCAACACCGTTTTAGT
s vN~N N s T DT I T DY H I G QDM S K P QL K K P F I G N G P N T V L V
TCCTTCGCCCACAGTAACTGCAAACGGTGTAATCACCCATTCTTTGCTGACCACAACACAATTTGGTAGCAATAATAATAACAACAATTTCACAACGAGAAACACCTTTAG
P s pp T VT AN GV I T™H s L L T T T Q F G S N NNNNNF T T R N T F S
CACTACGTTCAATGGTACTGCTCACACTAAAATCACCCCCACTAGTTCCACCGAAACCTCAACAACAACATCATCATCATCGCCACTTTTGTTCAATTCAGGAGCAGCAGC
T T ¥ NG T A H T K I T P T s s T EE T s T T T s s S s P L L F N S G A A A
AGCAGCAGCAGCAGAAATAATTCCAAACGAACCGTTACCCCTTTGCCGATCTGCTTCGCTCGCCACTAACTGCAGTAATAGTAAAATGCAGAAATTGCAGCAGCGACCGCC
A A A A E I I P NEPLPLICWRSASILATNTCSNSKMOQI KL Q Q R P P
GGCAGTCAAAAATCACATTAGTAGTACTGGTAGCCACCATTATGTCGTTGTAGCTATGCTAAAATCGGTGGACGGCTCTCACGTTACTGATACGGCAAATGATTACCACGT
AV K N H I s 8§ T GG S HHY V VvV VAMILZK S VvV D G S H VT D TAND Y H V
TGGCAATGCATCTGTTGCTGCTGTTAGTGTTCATGGTGATGATGATGGTGAGGTGGCTGTCGGTTGCGATGATTTAGATTATGCTGATCATGATAGTGATGATGAAAATGA
G N A SV A AV S V HGGD DD GE VAV GG CDDL DY A DUHD S D D E N D
TGAGTTTGGCGTTGATGGACTTGAGGATAGCCAGCGCCACCTCGTGGGCTGTGATGGTCTTGCCGGTAGCAGGTCGGATGCAAGTGCTGATAAGAGCGGCCGAAACAGCTG
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E F G VD GULEDS QR HLV GGCDGULAGS SRS DA ASADI K S G RN s C
CAGCGGCAAGGCCAGCTGGCCACCAGGGTTAGGAGGTGTGGGGGTTGGCGGCGGCGGTGGTAGTGATTACGGGAACGAGGGCGGCGTCGGAGCCCCCTGCGCTACGCTGGL

s G K A s wWw&P?P&?PGULGG GV GV G GGGGS DY GNUESGSGV GAUPCATL A
AGGTGGTGCTGAGGCCGGAGTGCCGGGCAGTGCGCGTTATGGCCTGCTTAGCTCTCTTGGCTCGGTCGGTTCCGATATCGGCGAGCTGGGCGATCTGGCCTGTTGTAGATC

G G A EAGV?PGSAURYGLUL S S LGSV GG S DI GEULGDTLATCTCR S
GCCTCTCTACGGTTTATCACCGGTATCGTTACCTGAACAAACTGGCTTTCTACTCCCGAGTTCCGTTCATATTGCTAATAAGGTTCACGCACCCATCGGCGTCAGTTTGGC

P L Y GGL s Pp VvV S L PEOQTGUPFL L P S S V HIANI KV HAUPI GV S L A
CACCATCGACGTTCCTGCGGTCGCCTTGGTTACCACTACCACTAACAACAATATCAGTCATAACGAGAACAACCGTCAACTACTTCACAGGACTTCCGAACGAAGACGGTA

T I bV PAV AL VTTTTNNNTISHNUENNW RIQTILTILUHIRT S E R R R *
ATCA

CCATCACCTCGCCTAAGCGGTGTGGCCAACGTAGAGGCAACTTATAAGGCAGAAAAGTTTGCGTCCGCCATTGCCAGCGTGTGGGTTAGCGCTTCGATCGACTGGGAGTAC
GATCCTGCACTTGTCTCCGCCGGATGACGCCCGCGAACCATGCGAATGTCGCTCACACAGCAAAAGAAGTTCCGCACAGCCGGTCGTCGTCCTGCGTATCTCATATAAATG
CGTGTTCACGAGAGAAACGTCGAAATGCTCCAAAAATTACTGGAAGTGTATTATTTAGAAGATGCAATAAGCTCACATTTGTCATTTCGGATATTACAACTCATATTAAAA
GCAGGCAGAAGAGTAACGCTTATAGATCACTAACTATTTATGCCAAACAAATAATTTGAAGTCGTGCTTACGATTGGATTCTTCACTTCTGCAATCTGAAACATTTCTATA
ATTTTTCGGTGCAATTATTCGATGTCCCCGTATCTGTTCTCTTGTCGCTATTTGATTGCCAGCGCTGGATAGGGCCGCCGGGATCCCCGGATCAATCTCTCGTCTGAATAC
CGGTAACTGATTGAGATCTCGTGTGCATGGAAAGTGCAACGAGCTGTTTGTGCGTAAAGGTTTCATTCGGGTGACATGTGCGGCTGTTCTATATGTCAATCGTGTATCTGT
TCGTGACGCCACGTATTCACTTTACCGCGTACGACCTCACCGATTTAGTAAATGTTGTGTGAAGCCGATCCCGACCCGCCCACGAAGCAAGCACACTGCGTTCGTCCTTGC
ATATTAGAAGGTTCCCAAGCCAGACTGAATGTCAAGCAGATGCATCAATCACAGGATGAAAAAGAACTCGATGACGATACACGAAGCTAGAGATGTATTGCCACCACGTCA
CACCCTTCCGCATGCTATTTACTGCATATGTCTGAGAATGCGCTGAAAGTAAAAGGAGTAACCCTGGAGGCCATGGAGAGATATATCGCTTGCCTGCAATGAGCCTGATGC
TATGTATGACTGGTTCCATTTCAGTTATTTCGCAACTGATTCGCTCGTTAGTGAATTATTGCATAAATAACTGTTCGGTTGTCGGCACGCTGATCCGACCTTCAGCTATGC
ATCAGCATATAAAATGCCTGAACTGAAAATCAGAGAACTGAAAGTATGAAAACGATCATGGAGGACATGAAGATGTGTAGGCATAAAGGAGTTTAATTAACGACTACATGT
TCATTCTTGTCACCCTATGTAACGGTGATGCAGAGTACGTCTATTTGCGCTGGCCCGTAATCTTGGCATCGCTTCACTTCAATTCACTTCACTTACTTATGCCCCTGTTTG
CGTCTTTGTAAATGCCTGTTATTCGTGTTTTTGTGCTTTTTTTATGTCAAAAAGTCACGAAGCTCGAAGCCCCTTCCTCCAGAATTATCCGCGCGATACCCTACGGTTAAC
CCGTATCAGTCGTGGTCTCCCCTCGTGCTGTCTGTCCGACAAGCAAGGCCTGCATATAACGCATGCATCCTAGGGGCCAAATGAAGTATATTCGGCCAACAATGACCCTTG
AGGAGCAAAAGAACAAACTGGCAAGTGAATTATCGATAAATCTAACATGTACCATTTTTTTCTGTGTTGTCTTATCTCTATCCCCTAACACAACGTAACGTTTGTGTCACC
GCTTGCATTGCTGCTTCTCATCCGGATTACATCGCGTTACTGGGACGGGATTTTATTCCCCGTTAACTTCAACTTCGGCTAATGTTGAGTTGCGTTACATATGTATATTGC
AATGCACCACGTTGCTGCCGCTGCAGCGCCTTTACAAAGATGACCGAAGAGAGTCGCGTCATACCAGAGCGGGAAGCTGCGTGTCCTTCACTACTTCAGTGACCTGTGCCA
ACAATGCAC

V. jacobsoni

TTACGGCCTCACCAACGTCAACAACTGTTACTAACACAACTCGCGGCAATAACAGTGCCAACGTAGAAGACTATTATGTTGTAACGACTTGTCGGAAACGAACGCTCAAGC
GCGGGTTCGCGCGCAACGAACTTGACCCATTCAAAACAACTGATGCTCGACGCCGTCACAGATCACCAAATCAATCAAAGTCGATCGCCATCAGCCTCCGATTGACGCGTT
GTATATAGAATACAACAGAGTTCAGTGGTGCTGGCAGCGAAGACAAGCTTAAAACAAAAGCTTTGTTATTGTTTTCCTTTCTAATAATGCGAGGGTTAATTGGTARAAAAGG
TCAGACCCGTAGGGAATTGCAACAATCTTTGTGATTATATCAGTATGGTATAGCCACAGTGGAAGCTCGGCAGTGCTAAAGAAAGAAATGATTTTCGGCGCGTCCTGAAGC
TTCAGAGTCACCACAAATTGAAATTCGACATCCCGCTATAATCGGCTACCACTAGTAGTAGTGGCGAAATTGTCTGTCAAGCTGGTTTAGCGTATCTGTTTCACGGAACGG
CGATCCCCTCGAGATCTTTTCCACTTCTATCTTAATCTACGCACTCACTTGAGTGCGGTGCGGTGCTGTTTGATGGACGTTTGGGTTCATTAGCGGTGAACTGAAGTTAGC
AGATGATGGTAGTTGTAAACAAAGTTCTCGATGATTACATTACGTGCTTCAACAATTATTCGGTCAGTTAGGTGTGTGTGATGGTTATTCCCACCTATAATATCTGTGCGT
GTTACGTGCTTGCTACTTCAGGAAGACGACTTCACCCATAACGGAAATAGCCGCAACGTGCGATCTTCGTTGAATGTATTCGTAGGTCTTCATAACGGTATTACTTATAGC
TCAAATACGGCTAACAGTATACGCGCGCAAGCTCCACAAAGATCTGCATGCCACGGATACTCCTATATGACAAAATCGAAGCTCAGGCAGTGTTTTCATGACGAGGATCAC
TGTCACCAGCAGCGTACCGAACGAGGCCGCTATTACTAGTTTTAGATTATTCCATATGTTCCTACTGTATAATTGGAGACCTGATTCAAACGTGACGCCAGAAGTGAAATC
GTTCTCATTAAAGATAATATTATTAGTTAGGGCTGAATTTGTGCGATTCCTCTAGAGTCGTGGATTAATCGTAACGCGAGTGAAGGCTGCTTAAGTAAAACATCTAGCGCC
TCTGGCTGTGTCTGTGACGAATAATGTGCGTTACTGCGAAAAGGGGTCATAGACATGCCAAGCTATGTACTCTTAAGCAAACGTCTGTTCCCTATGATGACGAAGATAACA

TTTGAGGAGGTTTGCTGATACCGAAAGACGCTAGATTCATCTAAAAATGAAGTTGAGTCAGAAGGGTAGAACTATCAAAGCATCGTTATCCTAGCTATTGTCGTTAACTAG
TCTCGTAGCGACTTCTTTCTGGTGTGCGGATACCACCTCTGGGCCTTGTGGAAAAGCCACAAGTGATTGCTCCGTACGTGGTAAGCGTCGTTAGAGCCAGATAACAGCTAG
ACAAGCAGCAGCTAAAGAAACGGTGAAGCGGAAACCAAAAGTGATAAGGGGCAGAAAAAAATTATTAGGAGTTCTCCAGGGGAGGATGGGTCCCGTTTCACGACTCGGCCC
ATTCTCGCTGACGACACCCAAACAGCAGCAGTCAAGCCTTTGCCTGAAGAAGCCGTGCGTTCTCTAGGGCAGGCTTTGGCAGTCGCTTGCAACGTGACATATCCGTTTCAT

GTAAGCAACGAATACGCCAATCAGCGGAAGTGAGTCGCTTTCGGTGGTGCGTGGCGCCATCCTCGACGCCACTCCCGGTTTCATCCCCAGAGCCAGCCATCGCTTTTGCAT
CGTCGTCACCGCCGCCCTTCGGCGTCAGGCGCGGGGCTCGTGCAATGGCTACGCCTTCGGCAAAGGACAGCGTCATGACATGGGACATGTCAGAGCCCGTGGGCAACGGTA
M A T P S A KD S VM T W DM S E P V G N G

CCGACAACAGTAATGCCCTGTCGATGATTGACTGTCTGCTCAACGCATACAATAGCAGTCTTCTTAGGTCTTCTAGCAAGTACTGCAACGCTACGTGGGACGGTTTGTCAT
T b N SN AL s M I DT CULILNAYNS S L L R S S S K Y CNATWD G L S
GTTGGCCACTGACGCAGGCAGGACGCTTGGCAGAAGTGCCATGCTTCGAGTCTCTAAACGGCCTATATTACGACACTTCGAAAAACGTGACGCGTAGGTGCTTCCTAAATG
c w PpP L T Q A G R LA EV P CP¥F E S L NG L Y Yy D T S KNV T RR C F L N

GCACTTGGCACGCGAAAAGCGATTATTCCAACTGCGTACCGCTCATCTCTATTGATAATCAGAATCAAACATCAAATATAATGATATACTCGATCGGGTACGGATGCTCGA
G T w H A K S DY S N C V P L I 8§ I DN OQNQ T s NI M I Y S I G Y G C S

TGGTAGCACTTATTATAGCCATTTGGATATTCATCTATTACAAGGATTTACGATGTTTACGAAATACAATCCATCTTAACCTCATGGTAACCTATCTGCTAACAGCCATCG
M Vv AL I I A I W I F I vy Yy K DL R CUL RN T I HL N L M V T Y L L T A I
TATGGTTTACGATTCAACGACTAATTCTCGTTCGGGAGTTCGGGGATTTCACGTGCTACCTCTATATACCGCTCACGTATCTTATGGGCACGAGCTTCTTTTGGATGTTTG
vw ¥ T I 0 R L I L VR EUVFGGGDUVFTCY LY I PL T Y L M G T S F F W M F

TCGAAGGACTATATCTGTACATCCTGGTCGTGAAGACGTTTTCCGTAGAGCTGGTGAAGTTATCGGCATACATGTTTATCGGCTGGGGCACGCCAGCAGCAGTCGTCCTTT
v E GL Y L ¥ I L VV K TF S V ELV KL S AY M F I G W G T P A A V V L

GTTGGGCAATTGTCAAGAAGTCGTACACTACGGACGACACGTTTTCAGAAAATAGCCCTAACGAGCAGACATATTGTGTCTGGCGGGTACCTGATATGTACGATCTCATCT
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c w A I V K K s Y TﬂvT p pT?PF¥® S EN S P NE QT Y CV W RV P DM Y DL I
TCTCAGTGCCCGTTATTGCCGTGCTAATTATCAACATCTTCTTTTTGGCGCAAATTATGTGGGTGCTAATAACAAAGCTACGGGCTGCTACAACAGCAGAGTCTCAGCAAT
F S V P V I AV L I I NI F F L A O I M W V L I T K L R A A T T A E S Q Q

ACAGGAAAGCCGCTAAAGCCCTGCTTGTTCTGATTCCGTTGCTCGGGGGATGCTACATACTTGTCATCACGACACCAAACGAATACAAGTATCTACAGGCACTCTTCATAC
Y R K A A KA L L VL I P L L GGG C Yy I L VvV I TT PN E Y KUY L O A L F I

CCACTCAGGGTTTGACGGTAGCAGTGTTGTACTGTTTTATGAACGGCGAGGTGCGGAACTCAGTGCGCCATCACATCGAGCGTTGGAAAACGATGCGGGCGCTCGGCAGCC
P T OQ G L T V A VL ¥ C FMNGE VRN SV R HHTIEW RWI KT TMMI®RATL G S

ATCACGGAGCGCGGCACTCGGGTTTGACGGTAGCAGTGTTGTACTGTTTTATGAACGGCGAGGTGCGGAACTCAGTGCGCCATCACATCGAGCGTTGGAAAACGATGCGGG
H HGAURHS GL T VAV LY CFMNGEVRNS V RHHTIEIRWI KT MR

CGCTCGGCAGCCATCACGGAGCGCGGCACTCGCGCCTTTACAAAGATGACCGAAGAGAGTCGCGTCATACCAGAGCGGGAAGCTGCGTGTCCTTCACTACTTCAGTGACCT
A L G S HH GARH S R LY K DD RRESRHTRASGSC VS F T T S V T
GTGCCAACAATGCACTTAACTACAAGGACGATGAAGTGTAACGGCGTTAAGGAGGAGGAGGGGCAAAGGAGAGCGTGGGAGGAAGTAACTGGAAGAAAGGAGTTCGCTTAT
C A NN A L N Y K D D E V *

ATTATTTTTGGCTAGCCGGAGATAGGTGCAACAAATGCGTAGGGATTAACCACAAACTGTACACGAAAGTCATAGTGGTTACCACAGCGAATAGATGTTTTCGAAATTAAG
AAGTGTTGCATTTACCGAACCAGCTAGCGTATGTAGGGACGAGCATAATCTAAGCATTTACATGAGTTCTTCTTCAAATGTCATTCGCGCATCGCAAAGTTGCCAACCAGA
ACGCTATAGACTACTCGTTTACATAGAACAGGGACAAAACTAGAAATCAATACTAAACCGATCCTTGAACACAATCAGCCTATCTGCAAACACGTATCGACATAATAAACT
TGTTACAAATCTCGACCGCTAACACCTAGCCTCTTGTAAAGGCCCAAACACGGCCGTCGCGTATAGCTTTTGAAAGACTATTGTAATTGTTACATTACAACTGTACAGTTC
AATTCATTTTGTCATTCAGCTGCATAAAAACGGCGGCGCAGGGATCAGCTAGAGAAACATACGGGCATATTTTCCAAGAAAAATCGAATCAGTCGGATCAAACAATAACAA
AAAGATGATGGATGGATGGATGGATGGATGGATGGGTGGATGGATGGATGGATGGGTGGTGAGAACTATATTCTTGGTTAGCAGACATTCAGTACTTCGAAGGCATTTACC
AATAGCAGACCGAGAACGAAAATTGACGGAATAGCGAAGGGACGTTTACATTTAGGCTGGTATGGATCGACATCAATTGGCTATCCTAACGAGAGAAAGATTAACTGTGAA
TGGTTTCATAAAAATCCTACAAAAAAAAGTTGTAAGCAATAAGAAAATTTATAACTTCGTAGCATGACTACTATTGAAGGCAAACAAAAACGACGATGTCTGCCACAGTAC
CCGACACAAAAGAGTTACTACGAAGGAATGACAGGAGATAAATGTATGCGTATTACTGTTGTTATTATGAAGATTCAATACCTTATAAAGAGGTAAACGAAA

B) Multiple sequence alignment:

D. melanogaster —---—----- DENHI[FSV§EEsE p @D ENHDGH - - - GBRVE - - — - —-——-——-———-
A. mellifera =  —-——-—-—-—- IQSIN TVLDN Y VLN HYINKI - - — N /NPEA-———————————
I. scapularis = -——-—-—-—-—-—---= ANEAPQS A DIA N TEIPEQV FREVTAERPIYGNTSTASLLANATSA
T. urticae =  ———————-- LNE Lo ——————— FYGH---DIPFNSNDYFVSNL-=-——--
V. jacobsoni MATPSAKDS WD DINSNAIRS - —————————————————
V. destructor MATPSAKDS DISNAMS - ————————— = ——————— —————— ——— ——
D. melanogaster —------ O HIE-—-—-—- ABTYGNDEGHELTO B A

A. mellifera =  -—--—-- B ®#f=RKHKEELERLSLGG [EEDQQGEE I WDSLLCWPRTP?E

I. scapularis PTFSAAEFQ@IROA GGT —————— DPRLGGLVT@MPANBEIMIGNI NN

T. urticae = ——————= THAFACENS———————— KPIDINEN ATWDSCWPTP

V. jacobsoni = ——--———- Il o AYN-——————— IFR - SHK! ©

V. destructor = --——-—-- Il OF I AYN--—————— R < SEK] G

D. melanogaster

A. mellifera REPAE GGAEVIS

I. scapularis P --RPIDG

T. urticae IWNAKDA

V. jacobsoni VP IS NOINJOTSNTI

V. destructor VA% I SERRNONOTSNI

D. melanogaster L 8 s1--rSE
A. mellifera ADF LN V ) /'SM--QPD
I. scapularis FIRT S T TAIMGS I PSPV{HK
T. urticae EF‘ ITA IMeSYO-PTNE
V. jacobsoni R--E/{€D
V. destructor R——E €D
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SSAHEP

SSAnRP

SN <\ HD>D

SSAEEP

melanogaster
mellifera
scapularis
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jacobsoni
destructor

melanogaster
mellifera
scapularis
urticae
jacobsoni
destructor

melanogaster
mellifera
scapularis
urticae
jacobsoni
destructor

melanogaster
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scapularis
urticae
jacobsoni
destructor

SR CHO:NT i1 ISR T F M VEGLY LYMLVVKTE
12 TR AR oyt v iYoMd TN F WM EVEGLY LY

SA-—--8 LT YMMGTNFFWMFVEGLY LI LVVKTF
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Figure 3.23 A) Gene structure for DH44 receptor sequence in V. destructor and V.
jacobsoni is shown. The 7 Transmembrane helixes are indicated by blue color highlighting
and underlining. B) Multiple sequence alignment of DH44 receptor from various
orthologous species across Phylum Arthropoda.
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PDF receptor

A) Gene structure

V. destructor

CGAAGAAGTCGGCACCAATAGCAGTAGAAACAGCATTAGCACGCTATGATGAAGGGATTGTGTCCGTGAAGTTCTTGTGACCAGGCGAAAAACTCTGCGGGAACAGAGCTG
ATCAGTCGTAGCTTGCTTTTCATCAAAAGCGTTCCGTGTCACGTAAATGCGCCAGCCAAAAATCAACTTCTTCAGGCCTCTGCTGTGCGACTTTGAGAAACTTTTAAGATT
AAGTGCATATGTTCAGTGTGCGCACACGTGTACAGATATTTTCCCTCTATAAAAATGAGCTTCGCTTTAAGATGTGACAACAAGTAGTGCCAGCGATTTCCAACTGTTTAA
ACCTAACAATATTGTACACTGGTGCTTTTTTATTTCCATTAAAAAGTAGATTCTTTGGTGATTGATTATCCTCGCTAGCAAACAACTAGAGGTTTTCTTAGGTCTGCGTTC
GCAAGTGATAAATCACCTACTAGTGACAATATGCAATTAAGAACGGGTAAGGATATATCTGCATTGACTCTGCTTACTACTGACAAGATTGCCGCCTTAAGGACGGCGGCC
M 9 L R T G K D I §$ A L T L L T T D K I A A L R T A A
ATATCAACTTTAGTAGCGGGCACTGCACAGGCGCGAAAAGATAGTAGTCTATTGAAGCTTGAATTTGATGAACGTTATGCGTCTCTAACAGAGAATGAATGTCTGGCTGCA
I s T L v A G T A QA AURI KD S S L L KL EF DEIRYAS L TENZEC L A A

CAGAAGGGCTGGAAAGTCGAAGCTTTAGCAGCTGGCTCTGGTTTAGCATGGTGTCCGATAGTCTGGGACGGCATCTCCTGCTGGCCGCCAGTACCGGTAGGCGAATCTGCT
Q K G W K ¥V EA L A A G S G LAWCP I VWD G TI S C WP P V P V G E S A

GAGAAACCTTGTAAGCCTCTGCTCGCTAATATTGGAAGAACGCACCATATCTATGACCACACAGATGCCCATGCTTATCGTGTCTGTGGGCAAAATGGCCGTTGGATGGAG
E K p C K P L L ANI GRTHH I Y D HTDA AUHA AYI RV CG QNG R W M E

AATCAGACCAACTACAATGCGTGCGTAGCACTGATCAATCCATCGGCGGTGTCGCCGCCATCACTCGCTATGACTGTGACGGGTATTCTTCTTGTATTTTCTTGTATTTCA
N ¢ T NY NACV AL I NUPSAV S PP S L AMTWVW T G I L L V F S C I S

TTGATATTCCTCACCGCTACAGCTTTCATATTTACGCATTTCAGATCCTTACATTGCAGTCGTACGCGGGTTCATTTAAATCTTGTCGTGTCTCTGATGATAAATTCAGTC
L I ¥ L T A TAUVF I F THU F R S L HCSURTRV HLNTLVV S L M I N S V

ATGCTAATTTCGCTATCGATGCCTATCGCCCTGAACTCGACTGATGAAGAGGACGCTGGAGCACTCATCCGACAAATTCCATGGTTATGCAAAGCTATCCTCGTGTTCAAG
M L I s L s Mm P I A L NS T DEEID AGA AULTIRIQTIPWIL C K A I L V F K
ATGTACTCATCGTCGTCATCGATCAACTGGATGTTCGTCGAGGGACTTCTGCTTCATTCACGAATTACTACCTCGATCTTTCAAACTAAGCCCGCGCCCTTTAAATTGTAC
MYy s s s SsS s I NWMUPFVEGL L L H SR I TT S I F Q T K P A P F K L Y

CACTTCATTGGATGGGGAGTTCCCTTGGCTTTCTGCATCCCGTGGGCAATCCAGATGGAAGAGGCAATGGGCTCCTCCACTTGTTGGGAGGGTTACGTCTATTCGTCCTGG
H F I G W GV P L A F C I P WATI QMEU EA AMG S S T CWE G Y V Y S S W

CTGTGGTTGATCATCGCTCCACGACTCGTTGCAGTCATTGTTAATTTTATATTTCTTGTGAACATTATTCGCATACTCGTGACACGAGTAAAGGCTGTCTCCGTAGAAAAC
L w L f I A P R L V A V I V N F I F L V N T I R I L V T R V K A V S V E N

ACGCAGTTCAAGAAGGCGACCAAGGCGACGGTCCTGCTCTTCCCACTGCTCGGGCTCACACATCTCCTCTTCTGCATCAATCCACAAGAAGCGGAACCCAGACTCAGAAAC
T Q F K K A T K A T V L L ¥F P L L 6 L T H L L F C I NP Q E A E P R L R N

ATGTACATGCTGACCAACAGCATTCTTCAGTCGTCGCAGGGAATTTTCGTGTCTGTGATCTATTGCTTCATGAACTCGGAGGTGCAGGCTTGTCTTCGAAATGCATATTTA
M vy M L T N § I L. O S s 0 6 I F v s VvV I ¥ C F M N S E V Q A CUL RN A Y L
CGTGCCGTGCTTCGACGGAATCCAAACCAGCGATCCTTGCTTAGAGGAGGGCATTCACAGACGTCAATATACCTCACACACTTCAGCCATCGTCACAATCAGCATCACATT
R AV L R RN PNOQR S L L R G GH S T S I Y L T HF S H R HN Q H H I
AATGGGTCGTCGAACACCACAACAGGTCATAATCTGCAACCAGCCAGTACAGCAGCAGGTGAAAAAAAGGTTGACAGGACAACTTTGGATAGGCATCATAACCGGATAAAC
N G S s N T T T G H N L Q P A S TAAGE KKV DR T T L DR HH N R I N

AACTACGGCAAGAGACAACTTACCAGGCTCCGCGGGGCGACCTAAGCACACGACTTAGATGTAGACGGGTCGAACCGGTTTGTAATGGAACACGCCCTCACCTGGCTCCAT
N Y G K R 9 L T R L R G A T *

GGGGCGGTCACAAATTTAAGACTGACTTAAAACTTCACCAAAATAAAGGCGATTTGGCACCTCGTGAAACGGCCTCTTGTTTAGGTAAACCGGTATCAAAGTTGCTATTTT
CCGTGAACGGCAAAAGTCTCACTGATTAAAAGACGTAAGCAAGAGTTCAGCTTGGTCGCATGGCTCTCGGAACTGTTGTCAGCTTAAGGTAGTTATGATCACAGCACATAA
GACACGCGTTGGCTGGGAAGATCTTACTGTGAA

V. jacobsoni

ATTTAGTTCGCATCTGACGCTAGACGAAGAAGTCGGCACCAATAGCAGTAGAAACAGCATTAGCACGCTATGATGAAGGGATTGTGTCCGTGAAGTTCTTGTGACCAGGCG
AAAAACTCTGCGGGAACAGAGCTGATCAGTCGTAGCTTGCTTTTCATCAAAAGCGTTCCGTGTCACGTGAATGCGCCAGCCAAAAATCAACTTCTTCAGGCCTCTGCTGTG
CGACTTTGAGAAACTTTTAAGATTAAGTGCATATGTTCAGTGTGCGCACACGTGTACAGATATTTTCCCTCTATAAAAATGAGCTTCGCTTTAAGATGTGACAACAAGTAG
TGCCAGCGATTTCCAACTGTTTAAACCTAACAATATTGTACACTGGTGCTTTTTTATTTCCATTAAAAAGTAGATTCTTTGGTGATTGATTATCCTCGCTAGCAAACAACT
AGAGGTTTTCTTAGGTCTGCGTTCGCAAGTGATAAATCACCTACTAGTGACAATATGCAATTAAGAACGGGTAAGGATATATCTGCATTGACTCTGCTTACTACTGACAAG
M 0 L. R T G K D I S A L T L L T T D K
ATTGCCGCCTTAAGGACGGCGGCCATATCAACTTTAGTAGCGGGCACTGCACAGGCGCGAAAAGATAGTAGTCTATTGAAGCTTGAATTTGATGAACGTTATGCGTCTCTA
I A AL R TAATI ST L VA G T AOQA AR KD S S L L K L E F D EUR Y A S L

ACAGAGAATGAATGTCTGGCTGCACAGAAGGGCTGGAAAGTCGAAGCTTTAGCAGCTGGCTCTGGTTTAGCATGGTGTCCGATAGTCTGGGACGGCATCTCCTGCTGGCCG
T E N E C L A A Q K G W K WV E AL A A GG S G L A W C P I V W D G I S C W P
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CCAGTACCGGTAGGCGAATCTGCTGAGAAACCTTGTAAGCCTCTGCTCGCTAATATTGGAAGAACGCACCATATCTATGACCACACAGATGCCCATGCTTATCGTGTCTGT
p Vv PV G E S AE K P CIK P L L ANTIGRTHHI Y DHTDAUHAY R V C

GGGCAAAATGGCCGTTGGATGGAGAATCAGACCAACTACAATGCGTGCGTAGCACTGATCAATCCATCGGCGGTGTCGCCGCCATCACTCGCTATGACTGTGACGGGTATT
G Q NGRWMUENOQTNYNACV AL INUPS AV S P P S L A MTNV T G I

CTTCTTGTATTTTCTTGTATTTCATTGATATTCCTCACCGCTACAGCTTTCATATTTACGCATTTCAGATCCTTACATTGCAGTCGTACGCGGGTTCATTTAAATCTTGTC
L L. v F s €C I s L I F L T ATAUF I F THU F R S L HC S R TRV HL N L V

GTGTCTCTGATGATAAATTCAGTCATGCTAATTTCGCTATCGATGCCTATCGCCCTGAACTCGACTGATGAAGAGGACGCTGGAGCACTCATCCGACAAATTCCATGGTTA
vyVs L. M I N S vVMvM L I S L s M P I A L NS T DEEDA ASGA AULTIUR QI P W L
TGCAAAGCTATCCTCGTGTTCAAGATGTACTCATCGTCGTCATCGATCAACTGGATGTTCGTCGAGGGACTTCTGCTTCATTCACGAATTACTACCTCGATCTTTCAAACT
c K A I LV F KMY S s SsS S s I NWMU FV E G L L L HS R I T T S I F QT

AAGCCCGCGCCCTTTAAATTGTACCACTTCATTGGATGGGGAGTTCCCTTGGCTTTCTGCATCCCGTGGGCAATCCAGATGGAAGAGGCAATGGGCTCCTCCACTTGTTGG
K p A P F KL Y H F I G W G V P L A F C I P WATIT OMTETZE AMMG S S T C W

GAGGGTTACGTCTATTCGTCCTGGCTGTGGTTGATCATCGCTCCACGACTCGTTGCAGTCATTGTTAATTTTATATTTCTTGTGAACATTATTCGCATACTCGTGACACGA
E G6GY vy s s w L w L I I A PRL VAV I VN ¥ I F L V NI I R I L V T R

GTAAAGGCTGTCTCCGTAGAAAACACGCAGTTCAAGAAGGCGACCAAGGCGACGGTCCTGCTCTTCCCACTGCTCGGGCTCACACATCTCCTCTTCTGCATCAATCCACAA
vV K AV s VENTQF K KA AT KA ATV L L F P L L GL T HULL F C I N P Q

GAAGCGGAACCCAGACTCAGAAACATGTACATGCTGACCAACAGCATTCTTCAGTCGTCGCAGGGAATTTTCGTGTCTGTGATCTATTGCTTCATGAACTCGGAGGTGCAG
E A EPRULURNMYMIULTN S I L O S S QG TI F VSV I Y CF MN S E V Q

GCTTGTCTTCGAAATGCATATTTACGTGCCGTGCTTCGACGGAATCCAAACCAGCGATCCTTGCTTAGAGGAGGGCATTCACAGACGTCAATATACCTCACACACTTCAGC
A C L RNAY L RAV L R RNU®PWNOQR S L L R GG H S T S I Y L T H F S
CATCGTCACAATCAGCATCACATTAATGGGTCGTCGAACACCACAACAGGTCATAATCTGCAACCAGCCAGTACAGCAGCAGGTGAAAAAAAGGTTGACAGGACAACTTTG
H R H N OQHH I NG S S N T T T G HNL Q P A S T A A G E K K V D R T T L

GATAGGCATCATAACCGGATCAACAACTACGGCAAGGTTATACGGAAATACCCTCCAGATCTGGTTCCAGAGGCTACAACGACAATACGATATTTACCTAATTCAGGAGCT
D R HHNIRTINNYGXK V I R K Y P P DL VP EATTTTIRY L P N S G A
TTCCATTCGGAACGACTTATCACATCGTCACCAAGAGAGGTCCAACTGTAACTATTCTCAGTAGACCACTCTATATTTTGACCGTATGGCATATATAATAGTACTAGCAGA

F H S E R L I T S S P R E V Q L *
AGTCATAATATGCTATTTCAAGTACGGCAGTACGTACTCATAGCTGCCTGCCTAACTGGCTTTCTCAACACGAGTTGCTCCTCTGATCTTCATATAATCATCACGTATAGA
AACGCCAATGGAAGTACACATTCGTAGAGCACATCTGTCTGTACTATGATTTACGGTCGCTTTGTTGCGTTGATGATCTATGATGAATAGCCTTGTATAGATAAGTACTAT
AACTATAGTTACAATGAATGCTATATACCATTAGCGACAGTTATCAGCTGCATGATGCTCACACACCTACGGCTATCTTCGAGAATAAGATCATTGTATCAGAGACGCATA
TGATAGCCGTTGAAGCATGCGCGAAATCAAGGAACTTGAGTGTTAGAACTTGTTGTAAATACGCTCTACTTTCTATTTTGTGAAAAAAAAAAACAAAAAAAAAATTCCAAT
ATTTTAGGTTTATCGTTTCATCTACCGCGCACGCCCCGGACTTAGTGTACATATTTAAGAAGCAACTATTTCTTTGCGTCCCGAAAAAAGTTGATCCGGGGAACCATCGAG
TCGTTAGAGTAACAAATACTAATGCAACTGTCTATAATATCTACGACGAGGGAACATGATGAAAA

B) Multiple sequence alignment:

Varroa ] MOLRTGKDISALTLLTTDKIAALRT
Varroa ] MOLRTGKDISALTLLTTDKIAALR
Drosophila 1 MTLLSNILDCGGCISAQRFTRLLRQSGSSGPSPSAPTAGHMFESKE R
Apis l] —~————— e e

Varroa AW AATISTLVAGT

Varroa AW AATISTLVAGT

Drosophila 61

Apis 1

Varroa 50 GESAEKPCKPLL
Varroa 50 GESAEKPCKPLL
Drosophila 121

Apis 13

V. destructor ANIMGRTHHTI Y DjsIT D
V. jacobsoni ANIMGRTHHTI Y DjsIT D
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melanogaster
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V. destructor
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D. melanogaster
Apis 110

V. destructor
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V. destructor
V. jacobsoni

D. melanogaster
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V. destructor
V. jacobsoni
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V. jacobsoni

D. melanogaster
Apis 346
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Figure 3.24 A) Gene structure for PDF receptor sequence in V. destructor and V. jacobsoni
is shown. The 7 Transmembrane helixes are indicated by blue color highlighting and
underlining. B) Multiple sequence alignment of PDF receptor from various orthologous
species across Phylum Arthropoda.
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Insect Parathyroid hormone receptor

A) Gene structure:
V. destructor

iPTHR1
TCTCGCCAAGTCTGATATCCTGCCGAAACGTGCCTTCGTTAACTAACGATGACATTCAATTGCTTGGTTATTGCTTGCAAGGAACTTCATTATCCGGAAAAAAACGATGTG
TTGAAGAAAACATAGTAATTTGTTCATAGGTTCATCGTAACCGTGTAGTGGTAACGGATCAAAACCGTACAGAATGATTATGGATTATTTGGATTAGGCAGACCTTTAGGG

ATCGTGTGCCCACAGCCACTTATAACTACAGGTGGTACATTTTGCAGAATTCGTCGGCATAGTACCAGCTAGATCTAACGGCTAATAGACCAAGACGATGGAGACCGACGA
M E T D E
AGACATGATGAAGAGGTTTCTTGCTGAAGCTAAACGTAATTGCCTGTCTATCGCAAATAATGGCAACGACAGCTCTAACGAATTCAATGAAGTGACATCCTTCGATCGCTG
p M M K R F L A EAZKXKURWNZCULSTIANNSGNDS S NEFNE V T S F D R C

CCCAAGAGAATGGGATGGTTTTCTGTGTTGGCCGTCTTCTCCTGCTAGCCAGAGTGTTCAGCTAAGGTGTCCCGATATGCTCTATGCCTTTGACACTTCACAGTTCGCCAG
P R E W D G F L C W P S S P A S QS V QL RC?PTDMULYAUF DT S Q F A S

TCGTACCTGCGGAGACAATGGAACGTGGACACTGGTCAAAATAACTCCAATAGGACCTTTGTTCACGAACTACACGATGTGCACTCTTGCAACACAGGATCATATCAACAC
R T ¢ 6 DN G T W T L Vv K I TP I G P L F T NY T MC T L A T Q D H I N T

CATTGAAGCCTTTCAGCCGCATATCCGTATGATTAAATTTTTGGCCCGCATAGGATACGGAGTTTCACTCGTGAGTCTCATCTGCGCTCTGATCATCCTCATCTCTATCAA
I EA F Q P H I RMTIEKUFLAIRTIGY GV S L VS L I CAUL I I L I S I K
ACGTTTGCGGTGCCCTCGAAACTGCCTCCATATGAATCTCTTCACATCATTTATTCTACGAGCGGCCATTTTCCTTCTGAAGGATCGGATGTTTATTTCTGGAGTTGGCCT
R L. R ¢CPRNCCLHMWNILUF T S ¥ I L RAATI F L L KD RMUF I S G V G L

CTACGGCACTTTTGATGATAACCAGAAGAGTATCTGCTGCAAGCTCTTTCTGGCAATGTTTCACTATACACTAATGGCTAATTACTGCTGGATCCTTATGGAAGGCCTCTA
Yy 6 T ¥ D DN QK s I C C K L F L A MF HY TL MM ANY CWI L M E G L Y

CTTGCATAGTCTCGTCTTTCATTCGCTTGGCAACGATCCTTCGAGTATATCGAAGTATACCATCATGGGATGGGGCTTACCTGTGCTATTTATTGCACCTTGGTCCCTGGC
L H S L v F H S L GGND P S s I S Ky T I MG WG L P V L F I A P W S L A

TCGAGCTCTATGGGAAAACAAACTATGCTGGACGACGAATAAAATTGGGTGGCATGAATGGATCATCCGTGGTCCGATTACCCTGTCAATTGTCGTTAATTTTATTCTATT
R A L W EN K L C W T TN K I G W HE W I I R G P I T L s I vV V N F I L F

TGTAAACATCACAAGGGTTCTTTTTGTTAAGATGTTTGCTTCGCAGGCGCCCGTGGCCAAACGCTACAAGTACAGAAAATGGTTCAAATCGACGCTGGTTTTGGTTCCGCT
v N I TRV L F VXK M F A S QA P V A KR Y K Y R KW F K S T L V L V P L
CTTTGGGTCCCATTATTCATTACTGTTAGTGGCTTCTATAGCTGCCGACCTGCTCTCGCCGCAAGTTGAAGTCTACTGGATGTACATAGATCAAACATTCTCGTCGTTTCA
F G s H Y s L L L VA S I A A DL L S P Q V E VY WM Y I D QT F S S F Q

GGGTGTATTGGTAGCCTTGTTATATTGTTTCTTTAACACTGAAGTGAATGAGGCTATTCGATTTGTATTGCGTCGAAATCCACATTTCTTCTATATGCGCAAGTTGCTGAA
G v L VAL L Y CUP¥ F N TE VN EATIRVF VL R RNUPH F F Y MR KL L N

CACCAAACGCAACGTGGAAGCAGGCCAAGATGGCTCCGTACGATCTAGAGCTATGCGGCGGTCAAGGTCTATGGAGAACAGCTGCGAGAGATCAGATCTCTTCGTGCATGA
T K R N V EA G Q D G s VRS RAMU RIRS R S MENS CE R S D L F V H D
TCATTCATCGAATCCGTTTGCACGAAAACTTTCAACGACTTCATACACTGATGCTGTACTTGCCCATCCAGTTGTTGCACACCCAGGGCCTCTACCGCATCTCCAAAGCAT
H S s N P F AR KL S T T S Yy T™DA AV L A H P V V A H P G P L P HUL Q S I
TGTTCATGGAGTGCACGTCCACGGCCTCCATGTCCATGCACAACCGGCTGGCAATAATCGTCTCCAAGTGATGCCGGAATTGCACATACTTACGGCTGAAGTCTCCACGTC
vV H G VvV HV H G L HV HA QP AGNNWURLOQVMPELHTI L TAUE V S T S
GATGTCCAGATCGGGTTCGCCCCGCGAGCAAGCCAGCGACCCGAGGTCTATGCCGGTCTGA
M S R S G S P R E Q A S D P R S M P V *

iPTHR2

CATGCGAGTCGTCTATTTCTAACACTTGTTACGTCATCTCTATCTAATACGTATCGCTGTTGTTGTTGCCGCCGTTGTTGCCAGTAGCGGAACTAAAGCAGGTTTAATTTG
CTGTGCCCGCATAACAAAAAATTTGTTGTCTTTGATAAAGGAGGCTCTAGTGATAATATAGTAGTTGCTCTTTTAGGGACATGTGAGGTAGTCTAACTTTAAAGTCAGGCG
TGGACATACTTCGTTTCGTGCTGGCAGGGGTCTGCCACATGAAACGACGCCTATCGGTAGTACTGAACATGAAACTCAAATGATTTGGAAGACTCATGTATGGTGACGTTA
CTGTGACATTAAATTCAGAGTAAATGGAGTCTAACGACATTCCAACAAAAACAAGTGGATGACAATTTAGATAATTTGTATTTCGATCAGTGATTGACTATATGACACCTA
CGGCTCCGAATTACGATACTTGAGTTGTGGAGCAGGCGAGATTCTGTTGTTGTAGAAGTCCCTTCTCTGTCTCTTCCGTCCCCGTACCGTGAAAGCTGACGTAATAGCACG
GCTACATCGTGAAGGCGTACTCAGTTAATTTTGTAGTTCACGCATGAGTATCAGATCATAAATTGCAGTTAAGGGAAGATTAGTGCAATTGTTTGGAGTGAAAATCGTGAG
ATTCGGTACCCGGGAACGACCTGTTGGCATCTGACTAGGTCGCGCCTACTACCGCCTCTGCCGCCGCTATGGATTGGCGTAACGCGAACGCGACGGACGCATCGCTTAACG
M D W R N AN A T D A S L N
ACACGGATGCCCTGTTCTCCGAATATGGATCGACCCGTACTGCTAGCTCGATTGCCGGTGTTGCGGTGACATCGTCAGTCGGAACAGGGTCATTGGGCATTGCTGCGTCGG
op T b AL F S EY GsSs TRTAS S IAGVA AV T SsSs SV GGT G s L G I A A S
CTGCCGAGTTATGCGTTGGAACAGCTTTGAACAGCAGCGATGTTGCCGTATCAGCAACATCTGAGGGGGTTGCCTGCGCCGCTGAATGGGATGGCCGTTTATGCTGGAAGA
A A E L CV G TAILNS S DV AV S A T S E G A C A A E W D G R L C W K
ATGCAGCCCCCGGCGAGGTCGTCGCCATGTTCTGCCCAGAAGGACGCTTCTTTAACTCTTCTTATATGGTGGAACGGTCTTGCAGCACACACGGTGTATGGAGTATTGCAA
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N A A PGEVVAMU F C?PEG R FFNS S YMV E RS C s THG V W s I A
AGTACGAAGCGTGCTTTGAACAGGCCTACTATGATTACATTCATACGTTGCAGGGTCACCTCTCGACACTAAATCGAATTTCACTTATCGGTTATTCATCGTCTCTTTTTT
K Yy E A CVF E Q A Y Y DY I HTUL QG HUL s TLNIRTI s L I G Y S S s L F

TACTGATACTGGCTTTTTTTCTTCTAACTTCTCTTAAACGTTTACGGTGTGCTCGTAACAAATTACATTTACATCTGTCTGCGTCATTCATCCTTCGATGTACTGTACTGG
L L 1 L. A F F L L T s L K R L R CAIRNIKILHILHUL S A S F I L R C T V L

TATTTAAGCATCTCTATTTTACCAGGGGCATAACATCCTTCAATAGTCATGAATTCATCAGTTGTCGCATCTTCACGCTTTCGTTTCATTACTCGTTGATGGCCAATTATT
vV F K H L Y ¥ TRG I T S F NS HEF I s CWRIF TUL S F HY S L M AN Y

GTTGGATTTTGATGGAAGGCCTCTATCTCTACAATATCATTTTCATGTCGGTTTACGCTGATAATTCGAAAATTGCAAAATACATAGTCATGGGCTGGGGTCTTCCGCTGC
¢c w1 L M E G L YL YN TI I FM S VY ADNS K TIAI KY I VM GW G L P L

CTTGGGTGGCGATCTGGGCAATAGCACGGCTCTGTTACGACAATAATCGGTGTTGGGAGATGGAGCCGAAGTATCGTGGCATCACCTGGATTCTACGCGGACCCATTTCAC
p w v aAIWATIARILTCYDNNU R CWEMEU?PI K YRG I TWTI L R G P I S

TCTCTATCATTTTAAACTTTTTCTTCTTCCTAAGTATCACACGAGTTTTATTTGTCAAAATGTCAGCTGTGCACATACCGGATGCGCGAAAAGTTCGATACCGAAAATGGT
L s I1 1 L N F F F F L s I T R V L F V KM S A V HTI P D AR K V R Y R K W
TTAAATCAACACTCGTTTTAATTCCGTTATTCGGCGCTCATCAGATACTTACTTTAGCAGCCAGCCTCCTGCATAACGACCGGATGGAATTTATTTGGCTTTACATAGATG
F K s T L Vv L. I P L F GA H(QTI L TLAAS L L HND RME F I W L Y I D

TCGCCTTTACTACGTTTCAGGGTTCAGTGGTAGCTCTACTATACTGTTTTGTAAATAATGAGGTGCAGTCAGAGGTGATCCGACTGCTGCCTGAACGTTTTCGACGAAAAC
v AF T TF Q G S V VAL LY CFVNNEV Q S E V I R L L P E R F R R K

TTCCCTTAGGAGACGGTGGAGGGTTCCCATCATCGACGAATTTCTCTAAACGAGATTCGCTGGCACCGGGTGTGTGTACATTCAAAGTGCACGGGAAGCGCCGTCTACTTC
L p L GDGGGUF P s s TNF S K RD S L AP GV CTF K V HG K R R L L

GACAGGGATCCACACAGACGTGCACCGTTCGCGAGGAAATTAGTCTAGATAATATACAACAGTTGGGCAACATTCGGTGCCAGGATAAAAGCAATCACAAGAGCGGGCTCA
R o G s T o T C TV R EE I S L DNTI Q Q L G N I R C QD K S N H K S G L
GCAGCAATGGAGACCAAAAAAGCAAGAATAATTCCAATGAAACTAAGCTACTGTTAAGCAGAGGACGTCCATGCAGCGGTCGAGAAGATGTGCTCGATGGAGGTTTACATA
s s N G D Q K S K NN SN EE T K L L L. $S R GR P C s GG R E DV L D G G L H
ATGATTCATGTGTCTAACAGAAACTCAA

N D s C VvV *

iPTHR3

CATTGGCGAAGAGACTTTAAAGTTACTGCAGATCGCTGGAGTTGCTGTTGTGACTGGTACGAAAGTTACCTATCGTGCGGTGACGACCCGCCGAAAGAAACACGATACAGT
TTATCTTTATGTCATGGCAAGTTTAACTTAAGAAATGACTAACAAACAAGGTGCTATGTGTTATTACTGGAATACTGAGCAAATACTCTATAGAGCGAAACGACCCTCTAA
ACCTGATGCGATAAAGTTATGTTCTATCTAATTCGACATGTGGATTTAATGAGAGCACTTTTTAGCAAACGATTTGGTATATTATAAAAGGTACACTGACTCTTATATAGT
TGATATTGTTCCTGTCGTCCATAAAGTGGTTCGTGTATTAGGATAGTGACCTTTGTGTGTGTATAGCAAAAAATGAAATTGCTTAGTGAAGTTACAGTGGAGTTAATGATA
CAATAAGGAAAACTAATCCTGGTGCCATAAACGTCATTTTGTTCTACCCATCTTGTTTGAAGCATGTCAGCGGTACATAGCGCCAATTAGGTTTTTAAGCATACCCAGTCG

CTGTAACTAGCTCCACAACAAGGAACCTTTGATGGCATCGCACGAGGCCAATAAGGATTTGGATGAGTGGAGCAACTCAACGGTGGTGGTAGTCCCTCTACCGGAGGTTCA
M A S H EANI KDL D E W S N s T V V V V P L P E V Q
GTCAATGAGCCTTTGTCTGAACTCAACGGAGCGACAAAGCAATGTAAACTTTACTCCGTATCCCATCGATGCTAACGGTGAAGGAAATAGTCTGACAGCGCGATCCTGCCC
s M s L ¢ L N S TE R QS NV N F TP Y P I DANGEGN S L T AR S C P
GCGTGACTGGGACGGCTTTCTATGTTGGCCGCAGACGCTGCCCGAGCAGATAGTTCTGCAGAGATGTCCTACCCTCAGGAGGCCAGACGCCATCGGGGTAACAGTGTCGCA
R bw D G F L C WP QT L P E QI VL QR C?P TTLIRU R P DATI G V T V S Q

GGTCGACAAGGTTGCCGAGTTCGCATGGCGACACTGCGGCGCAAACGGCACGTGGACTTCGCTGCAGTCCAGTGACTCGTATAGCTGGCACCTGTATACAAACTTCTCCGC
v D K VA E F A WU RHCGANGTWTT S L Q S S D S Y S W HUL Y T N F S A

CTGCAATATGGACCCTACAGTTGCTCTATCACCGAATGAGCAAGAACTTTACAGATTAATCCGAGTGCATCTGCCTGCGATTAAGCAGATGTCGATCGTAGGATACTCCAC
c N ™MD ?P TV AL S PNEQE L Y R L I RV HL P ATIIKOQMS I V G Y S T

ATCACTAGCACTTCTACTTGGTGCCTTCACGCTACTCGCATCGCTCAAGCGTTTACGATGCGCACGCAATAAGATACACCTGCATCTTTTTGCTTCGTTTATTGTTCGGGC
s LA L L L GAUPF T L LASLI KW RILIRU CAIRNIEKTIMHILHILF A S F I V R A

TGTTGTTCTGGTCCATAAGCATAGTTCAACGAGGCATTCCGATCTGACTCCACAGTGTTGGATGCTGATGTGCCTGTTTCACTATTCACTCATGGCTAATTACTGCTGGAT
v v L V HK HS S TR H S DL T PQCWMILMCILF HY S L MANY C W I

CCTCGTCGAAGGTCTTTACCTGCATAACCTTATCTTTAACTCGTTCTACGCAGATGGATCTAGTATCGCTAAATACGTTGTCATGGGCTGGGGTTTGCCTGTGTCGTGCGT
L vE G L YL HN LI F N S F Y A DGS S I A K YV VM GWG L P V S C V

AATCGTATGGGCGATTGCTCGAAATATCGTAGGCAACGACACGTGTTGGACGTCAGACGCAAAGCTGATCCAATGGCTGCTACGAGGGCCCATCACTCTTAGTATAGTGCT
I vwATIAWRNIV GNDTT CWT S DAI KL I QWL L R G P I T L S I V L

CAACTTTATTTTCTTTATCAATATTACTCGCGTTGTGTTCATCAAGATGTCGAATTCGCACGAGCCTGAAGCGCGGCGCGTGAAATACCGCAAATGGTTCAAGTCGACCTT
N F I F F I N I TR V V F I K M S N S HE P EAIRIR V K Y R K W F K S T L

AGTCTTAGTTCCATTGTTTGGAGCGCATCACATAATCCTTATGGTGATGTCAATTGCAGCCGTTACGCCGCTGTACGAACTTTACTGGCTTTACATTGATCAGCTCTTCAC
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v L v P L F GA HHI I L MVM S I AAV T?PL Y E LY WL Y I D QL F T

ATCGTTTCAGTTCCTCAAGGGTCCTGATCCGGTGATTTTGTCCAACTGTCCAGCAAAAAGGCATAGCTGTCCGTCGATGTCCATTACCTAAACGAGTGCACAACACTGTAT

s F Q F L K G P D?PV I L S NCUPAI KU RHSCU®P S M S I T *
ATCCGCACAGTGGCTCCTCCCATTGTATTCATAAAGGTCCTGGATGGAGCTCGTTGAAACCACCTGCCGGCAACAGAAACTGGACGGTCAGCCGTTGCAAGCCGCTCTGTC
GTCAGGGCCGTTATCTATACATGAATGTTCCCGATCATTTCAGACGGAATCGAG

V. jacobsoni

iPTHR1

GTGGTACATTTTGCAGAATTCGTCGGCATAGTACCAGCTAGATCTAACGGCTAATAGACCAAGACGATGGAGACCGACGAAGACATGATGAAGAGGTTTCTTGCTGAAGCT
M E T D E D M M K R F L A E A
AAACGTAATTGCCTGTCTATCGCAAATAATGGCAACGACAGCTCTAACGAAATAAACGGGGTTTTCAATGAAGTGACATCCTTCGATCGCTGCCCAAGAGAATGGGATGGT
K R N CL s I A NNGND S S N E I NGV F NEV T S F DR C P R E W D G

TTTCTGTGTTGGCCGTCTTCTCCTGCTAGCCAGAGTGTTCAGCTAAGGTGTCCCGATATGCTCTATGCCTTTGACACTTCACAGTTCGCCAGTCGTACCTGCGGAGACAAT
F L C WP S S P A S QS V QL RC®PIDMULYAUF DTS Q F A S R T C G D N

GGAACGTGGACACTGGTCAAAATAACTCCAATAGGACCTTTGTTCACGAACTACACGATGTGCACTCTTGCAACACAGGATCATATCAACACCATTGAAGCCTTTCAGCCG
G T w T L Vv K I T °P I G P L F T NY TMT CT L A T Q D H I N T I E A F Q P

CATATCCGTATGATTAAATTTTTGGCCCGCATAGGATACGGAGTTTCACTCGTGAGTCTCATCTGCGCTCTGATCATCCTCATCTCTATCAAACGTTTGCGGTGCCCTCGA
H I R M I K F L A R I GY GV S L Vs LI CAULTI I L I S I KR L R C P R
AACTGCCTCCATATGAATCTCTTCACATCATTTATTCTACGAGCGGCCATTTTCCTTCTGAAGGATCGGATGTTTATTTCTGGAGTTGGCCTCTACGGCACTTTTGATGAT
N ¢ L H MNTLT ¥ T s ¥ I L RAATI F L L K DURMU F I S GV GG L Y G T F D D

AACCAGAAGAGTATCTGCTGCAAGCTCTTTCTGGCAATGTTTCACTATACACTAATGGCTAATTACTGCTGGATCCTTATGGAAGGCCTCTACTTGCATAGTCTCGTCTTT
N o K s 1T ¢ C KL F L A M F H YT L MANYCWI L ME G L Y L H S L V F

CATTCGCTTGGCAACGATCCTTCGAGTATATCGAAGTATACCATCATGGGATGGGGCTTACCTGTGCTATTTATTGCACCTTGGTCCCTGGCTCGAGCTCTATGGGAAAAC
H s L G N D ?P s s I S K Yy TTIMGWG L P VL F I A P W S L A R AL W E N

AAACTATGCTGGACGACAAATAAAATTGGATGGCATGAATGGATCATCCGTGGTCCGATTACCCTGTCAATTGTCGTTAATTTTATTCTATTTGTAAACATCACAAGGGTT
kK L. ¢ w T TN K I G WWHE WTI I RGP I TUL S I V VN F I L F V N I T R V

CTTTTTGTTAAGATGTTCGCTTCGCAGGCGCCCGTGGCCAAACGCTACAAGTACAGAAAATGGTTCAAATCGACGCTGGTTTTGGTTCCGCTCTTTGGGTCCCATTATTCA
L F V X M F A S Q A P VA KU R Y K YR KW F K s T™UL VL V P L F G S H Y S
TTACTGTTAGTGGCTTCTATAGCTGCCGACCTGCTCTCGCCGCAAGTTGAAGTCTACTGGATGTACATAGATCAAACATTCTCGTCGTTTCAGGTAAATTTCCTTATCTTT
L L L Vv AS I AADUL L S P QV E VY WMY I DOQTF S S F Q VN F L I F
ATATATATTTTTTTTTAG
I Y I F F *

iPTHR2

TCCACCCCATCTATCGACTTAGCTCGAGCAGAAAGATGTCGAATACATGCGAGTCGTCTATTTCTAACACTTGTTACGTCATCTCTATCTAATACGTATCGCTGTTGTTGT
TGCCGCCGTTGTTGCCAGTAGCGGAACTAAAGCAGGTTTAATTTGCTGTGCCCGCATAACAAAAAAATTGTTGTCTTTGATAAAGGAGGCTCTAGTGATAATATAGTAGTT
GCTCTTTTAGGGACATGTGAGGTAGTCTAACTTTAAAGTCAGGCCTGGACATACTTCGTTTCGTGCTGGCAGGGGTCTGCCACATGAAACGACGCCTATCGGTAGTACTGA
ACATGAAACTCAAATGATTTGGAAGACTCATGTATGGTGACGTTACTGTGACATTAAATTCAGAGTAAATGGAGTCTAACGACATTCCAACAAAAACAAGTGGATGACAAT
TTAGATAATTTGTATTTCGATCAGTGATTGACTATATGACACCTACGGCTCCGAATTACGATACTTGAGTTGTGGAGCAGGCGAGATTCTGTTGTTGTAGAAGTCCCTTCT
CTGTCTCTTCCGTCCCCGTACCGTGAAAGCTGACGTGATAGCACGGCTACATCGTGAAGGCGTACTCAGTTAATTTTGTAGTTCACGCATGAGTATCAGATCATAAATTGC
AGTTAAGGGAAGATTAGTGCAATTGTTTGGAGTGAAAATCGTGAGATTCGGCACCCGGGAACGACCTGTTGGCATCTGACTAGGTCGCGCCTACTACCGCCTCTGCCGCCG
CTATGGATTGGCGTAACGCGAACGCGACGGACGCATCGCTTAACGACACGGATGCCCTGTTCTCCGAATATGGATCGACCCGTACTGCTAGCTCGATTGCCGGTGTTGCGG

M D W RNANATDAS L ND T DA AULUF S E Y G S TR T A S S I A G V A
TGACATCGTCAGTCGGAACAGGGTCATTGGGCATTGCTGCGTCGGCTGCCGAGTTATGCGTTGGAACAGCTTTGAACAGCAGCGATGTTGCCGTATCAGCAACATCTGAGG
v TS s v T GGS L G I A A SAAZELCVGTATILNS S S DV AV S A T S E

GGGTTGCCTGCGCCGCTGAATGGGATGGCCGTTTATGCTGGAAGAATGCAGCCCCCGGCGAGGTCGTCGCCATGTTCTGCCCAGAAGGACGCTTCTTTAACTCTTCTTATA
G v A CAAEWDG RLCWI KNAAPGEVVAMU FCU?PEG G RF F N S S Y
TGGTGGAACGGTCCTGCAGCACACACGGTGTATGGAGTATTGCAAAGTACGAAGCGTGCTTTGAACAGGCCTACTATGATTACATTCATACGTTGCAGGGTCACCTCTCGA
M VvV ER S C S THG VW s I A K Y EACU FEQAY Y DY I HTUL Q G H L S

CACTAAATCGAATTTCACTTATCGGTTATTCATCGTCTCTTTTTTTACTGATACTGGCTTTTTTTCTTCTAACTTCTCTTAAACGTTTACGGTGTGCTCGTAACAAATTAC
T L. ~N R I S L I G Y S s S L FF L L I L A F F L L T S L K R L R (LlA R N K L
ATTTACATCTGTCTGCGTCATTCATCCTTCGATGTACTGTACTGGTATTTAAGCATCTCTATTTTACCAGGGGCATAACATCCTTCAATAGTCATGAATTCATCAGTTGTC
H L H L s A S F I L R C T V L VF K H L Y F T R G I T s F N S H E F I S C
GCATCTTCACGCTTTCGTTTCATTACTCGTTGATGGCCAATTATTGTTGGATTTTGATGGAAGGCCTCTATCTCTACAATATCATTTTCATGTCGGTTTACGCTGATAATT
R 1 ¢ T L S F HY S L MANY CWwWTI L M E G L Y L Y NI I F M S V Y A D N
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1 1]

CGAAAATTGCAAAATACATAGTCATGGGCTGGGGTCTTCCGCTGCCTTGGGTGGCGATCTGGGCAATAGCACGGCTCTGTTACGACAATAATCGGTGTTGGGAGATGGAGC
s Kk 1 A K Yy I VvM G WG L P L P WV A I WATIA AU RTILTCYDNNU RUCWE ME

CGAAGTATCGTGGCATCACCTGGATTCTACGCGGACCCATTTCACTCTCTATCATTTTAAACTTTTTCTTCTTCCTAAGTATCACACGAGTTTTATTTGTCAAAATGTCAG
P K Yy R G I T W I L RG?P I S L s I I L NF F F F L s I TRV L F V KM S

CTGTGCACATACCGGATGCGCGAAAAGTTCGATACCGAAAATGGTTTAAATCAACACTCGTTTTAATTCCGTTATTCGGCGCTCATCAGATACTTACTTTAGCAGCCAGCC
AV H I P D AR KV URYURIKWUF K s TUL VL I P L F GA H QI L T L A A S

TCCTGCATAACGACCGGATGGAATTTATTTGGCTTTACATAGATGTCGCCTTTACTACGTTTCAGGGTTCAGTGGTAGCTCTACTATACTGTTTTGTAAATAATGAGGTGC
L L. H N DRMU&EVF I WL Y I DV AUFTTF QG s VvV AL LY CF V N N E V
AGTCAGAGGTGATCCGACTGCTGCCTGAACGTTTTCGACGAAAACTTCCCTTAGGAGACGGTGGAGGGTTCCCATCATCGACGAATTTCTCTAAACGAGATTCGCTGGCAC
Q s v I R L L P ERPFRRIKUL ?PLGDGS GG F P S S TNF S KR D S L A

CGGGTGTGTGTACATTCAAAGTGCACGGGAAGCGCCGTCTACTTCGACAGGGATCCACACAGACGTGCACCGTTCGCGAGGAAATTAGTCTAGATAATATACAACAGTTGG
P G v C T F KV H G KR RLLROQGS T QT CTV REETI S L DN I Q Q L
GCAACATTCGGTGCCAGGATAAAAGCAATCACAAGAGCGGGCTCAGCAGCAATGGAGACCAAAAAAGCAAGAATAATTCCAATGAAACTAAGCTACTGTTAAGCAGAGGAC
G N I R C QD K S N HIK S G L S S N G D Q K S K NN S N E T K L L L S R G
GTCCATGCAGCGGTCGAGAAGATGTGCTCGATGGAGGTTTACATAATGATTCATGTGTCTAACAGAAACTCAAATGGAGCTTAGCTCATGTTGGATAGACATCACTGAACC
R P C S G R ED VL DG G L HND s C VvV *
GACAGTCAAGTACGATACTGTGCAAAAAACGCTTGCATCAACGTTTGCGAACAAGCCTCAAAACATGTTGAACACAAAATATCGCAATTACATGATGTAGCCCTGGTGTGC
TGATTTGAAGGGCGTAATTCGTTCTTTGCGGTGTACCTGTGTGCTCTCAGGAACACATAAGAAGTTCTTCGAACAGTGAGGCACTGACACGTCTCTCATTTATGAAAACCG
TATGCGCAAAAGGAAAAGCTCGTCTTTCCAATGTTCGCTTCTTTTGTTTTTGTCATGCCACAGCCAGCAGCAGTAGAAATTATTCACAGGCTAACCTGCGACGATTCGACG
GCGTAGAATTTCTGTTTTCAAGCGGGATGTCATTCTTAGCCAGGCAGCAATTTACTTATGCAAAACACAAGTTAAACTTTTCTCCTACCACGGCGTTTGGCCCGTATGACT
TATACGACTAGAGAAGGATTAGTTTGTCATGGGCGAAAAGAAACCGCACGATGGGATCTTTCTTCGCCTATGCATACGATCATTTTGCAGTGATCCATTAGCAGGTATGTG
AAGTAGCAGACGGGCTTCATAGAGTGCTCTAGGTACTGTCGATATTTGCTATGGGCCCTCAGAGAATAGAACCAATAGTGTTAATATGTTTAATTGCGAGTATGTAAGAAG
TGAAGACGAAAACTGACGTACATACGAGACGATTAGTTATCAGAGATATTTTCCTTACGCGACCCTTAGGCACAGAGTGTTATGGTATTTCCCCAACAAACTTCTGCTCTT
GCATAGCTCCTGACTACAACACGAGCGGGCGTAAAAGTGTTATTTCGTTTCCTAGACTAAAGACTTTTGGCACGGTCGCACGGAGACTTGCAAGAGTGCTTGCAGTCTGTG
GATACTATTAACATGCCTACTGCACAACAGGGAAATTAGTAGAAATAGCAGAGCTAGCTCATAACAACGTAAATTATGTACATACACGCATGAACATGATTATAATGAACA
ATTATAAAAATATAAAAACAAAAAAATCATATACATTGATGTGAATAAGCGACGATACGACACAAAGTTGCAATGAAGATAATACAATGCGTGGAAAAGATGATTGGGAGA
ACATTCATCTAAAATTGCTATTACGTATACGTGTTAATTCATCGTTCCAACCATTATCTGTGTTGATTAATGCTTGTTCAACTAATGAAGCACACGATTGGCCTTGAACGT
GTTTTACGGTTGGTTGGCAGGGGCAGATATGTCATCGCCCTTCTTCACACACTTCAAATAAAACAAAGAAAAACTACATACATGCTGTTGTGTGTTGAAGGATGCCATTTA
AAAAAAAATGAATTACCATATACTATCAGGTTTGTGTCATGAGAGAGACAAGGTGTGTACCAAATAAACTCGCTTAATATAGCTAACTTACGTCTGATGTAGTCCGCACAT
TCAAGGAACACCAAACGCAAAAAAGCTAACTTACAACCGTAATTATAGCAGGGCTTCCCCTGCTTTTTATGGTTGGGATGACCGGCTAGTATTATAATACAGTTTGTATCT
AAACTGGAGAAACTGTTAGGCACAATAGGGACCTACACTGGTTTCTCAGTGTTTTCTATGCACGTTACTCCTGCACAGAAAGAAGCTTTCATTGTAACGGAAAGAGAGCTA
TTGCGAGTTCTGTGGCATATTCGATGTGCTACATTTTACAGCTAATCCATAACAAACTAGCGAACCTATAAAAAAGATGTTAATTTCCATCTTTAGCACAGCACTCAAATA
CACTACGATGATAAACAACTAGTTACCTATCCCCAGACGGTATGATCTCTTGAGGTGTAATTTCGCGAGAAATTGACGTCCGCATGCAGTTGTCCTGAACACCTACGACGT
GCCGAAACGTTTATGTTTGCCGGTAGAGTATAGGATTTTTCGCATCTCCTATCTCTAATGAATACCTGGGATCGCACTCTTGTTCAGCGAGGCGAGCTGAAGGTCTGAGAA
TTATTCGAACTCTCTATCAACGTATCTCTATGAGACAGTTTACGGACGTGCCGAGGCGTCTTTGTCGATCGTTGACCTGCGACTTGTTTTTTTTAAAGCCTACTTGAATTT
TTTTGTCCGTAAAAAATGTCATCACAGAAATATAAACATGAATTTTGAAGTAAAGCCAGAGTTGCTAACTGTCGCCGGAATATATTAGTACATAAAATTTACTTTATTGTA
CTATATTGTTCGATATTCTTTACATTAAAGCTGCATCAATTACTCACGGCGGCATCATGACGACCTTATTGCTACGTTCACCTAAAGTTAGCCGTTAATTAAGTGTGAACT
GTGTACAGACAGACATATGAAATGTGGCTAACGAGCACTTACGATCTACAAAATAAACCTAAATTATGACTCTGTATAA

iPTHR3

CACTGTAGTCGCGCCGCCATTGGCGAAGAGACTTTAAAGTTACTGCAGATCGCCGGAGTTGCTGTTGTGACTGGTACGAAAGTTACCTATCGTGCGGTGACGACCCGCCGA
AAGAAACACGATACAGTTTATCTTTATGTCATGGCAAGTTTAACTTAAGAAATGGCTAACAAACAAGGTGCTATGTGTTATTACTGGAATACTGAGCAAATACTCTATAGA
GCGAAACGACCCTCTAAACCTGATGCGATAAAGTTATGTTCTATCTAATTCGACATGTGGATTTAATGAGAGCACTTTTTAGCAAATGATTTGGTATATTATAAAAGGTAC
ACTGACTCTTATATAGTTGATATTGTTCCTGTCGTCCATAAAGTGGTTCGTGTATTAGGATAGTGACCTTTGTGTGTGTATAGCAAAAAATGAAATTGCTTAGTGAAGTTA
GAGTGGAGTTAATGATACAATAAGGAAAACTAATCCTGGTGCCATAAACGTCATTTTGTTCTACCCATCTTGTTTGAAGCATGTCAGCGGTACATAGCGTCAATTAGGTTT

TTAAGCATACCCAGTCGCTGTAACTAGCTCCACAACAAGGAACCTTTGATGGCATCGCACGAGGCCAATAAGGATTTGGATGAGTGGAGCAACTCAACGGTGGTGGTAGTC
M A S H E AN KDL D E W S N S T V V V V
CCTCTACCGGAGGTTCAGTCAATGAGCCTTTGTCTGAACTCAACGGAGCGACAAAGCAATGTAAACTTTACTCCGTATCCCATCGATGCTAACGGTGAAGGAAATAGTCTG
P L P EV Qs M S L CL NS TEI R QSN VN F TP Y P I DANGE G N S L
ACAGCGCGATCCTGCCCGCGTGACTGGGACGGCTTTCTATGCTGGCCGCAGACGCTGCCCGAGCAGATAGTTCTGCAGAGATGTCCTACCCTCAGGAGGCCAGACGCCATC
T A R S C P R D WD G PF L C W P QT L P E Q I VL QR C P T UL R R P D A I

GGGGTAACAGTGTCGCAGGTCGACAAGGTTGCCGAGTTCGCATGGCGACACTGCGGCGCAAACGGCACGTGGACTTCGCTGCAGTCCAGTGACTCGTATAGCTGGCACCTG
G v TV s Q v DbI KV A EFAWIRHTCGA ANGTMWT S L Q S S D S Y S W H L

TATACAAACTTCTCCGCCTGCAATATGGACCCTACAGTTGCTCTATCACCGAATGAGCAAGAACTTTACAGATTAATCCGAGTGCATCTGCCTGCGATTAAGCAGATGTCG
Yy T N F s A CNMD P TV AL S P NEQE L Y R L I RV HL P A I K Q M S

ATCGTAGGATACTCCACATCACTAGCACTTCTACTTGGTGCCTTCACGCTACTCGCATCGCTCAAGCGTTTACGATGCGCACGCAATAAGATACACCTGCATCTTTTTGCT
I v GGy s T s L AL L L G A F T L L A Sl,L K R L R C A RN K I HL H L F A
TCGTTTATTGTTCGGGCTGTTGTTCTGGTCCATAAGCATAGTTCAACGAGGCATTCCGATCTGACTCCACAGTGTTGGATGCTGATGTGCCTGTTTCACTATTCACTCATG
s ¥ I VR AV V L V H K H s S TR H S D L TP Q C WML M C L F HY S L M

GCTAATTACTGCTGGATCCTCGTCGAAGGTCTTTACCTGCATAACCTTATCTTTAACTCGTTCTACGCAGATGGATCTAGTATCGCTAAATACGTTGTCATGGGCTGGGGT
ANY C W I L VEGULY L HN L I F NS F Y ADGS S I A K Y V V MG W G
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TTGCCTGTGTCGTGCGTAATCGTATGGGCGATTGCTCGAAATATCGTAGGCAACGACACGTGTTGGACGTCAGACGCAAAGCTGATCCAATGGCTGCTACGAGGGCCCATC
L p Vs CvVvI1I VWA ATIARNWNTIUVGNDTT CWT S DAIZ KTLTI QWL L R G P I

ACTCTTAGTATAGTGCTCAACTTTATTTTCTTTATCAATATTACTCGCGTTGTGTTCATCAAGATGTCGAATTCGCACGAGCCTGAAGCGCGGCGCGTGAAATACCGCAAA
T ..s I v L N F I ¥ F I N I T R V V F I K M S N s H E P E A R R V K Y R K
TGGTTCAAGTCGACCTTAGTCTTAGTTCCATTGTTTGGAGCGCATCACATAATCCTTATGGTGATGTCAATTGCAGCCGTTACGCCGCTGTACGAACTTTACTGGCTTTAC
w ¥ K s T L VL VP L F GA HHTI I L M VM s I A AV TP LY EL Y W L Y

ATTGATCAGCTCTTCACATCGTTTCAGTTCCTCAAGGGTCCTGATCCGGTGATTTTGTCCAACTGTCCAGCAAAAAGGCATAGCTGTCCGTCGATGTCCATTACCTAAACG

I b QL F TS FF Q F L K GP D©PVILSNTCU&PA AIZ KU RUHESTCU®PSMS I T *
AGTGCACAACACTGTATATCCGCACAGTGGCTCCTCCCATTGTATTCATAAAGGTCCTGGATGGAGCTCGTTGAAACCACCTGCCGGCAACAGAAACTGGACGGTCAGCCG
TTGCAAGCCGCTCTGTCGTCAGGGCCGTTATCTATACATGAATGTTCCCGATCATTTCAGACGGAATAGAGGTCAGCCAGAACAGTAGGGTACAACTCTTGGACAACACCA
TAAGCGTCTAATCCGTTATCCTTGCGAATTATATATTACAGAACACGCTCTAGGTATTTAATCGGCTAGTTTCTTGAGAATTCGCTGTGAAGCTGATTTTTAGCTGTGACA
GTTTTTGTACTTCACCAGAGTTAATTTAAGAGACTTACCTTGTTAGGGCTTTACTTCACGCAAGAATGGAATAGAGCATGAAATTGCCTCGTCCAACGTACATAAAGGGTG
TACAGGCTAATATCAAAGTTTGATATTTAGTAACTCTTTTATTTCTCTATCTTTTCAACTACACACGACATCGGAGGTTAACACAAAACCTCACTTATTTTTGGGGGCATT
ATCTTTGTATAGTTACATAATGTGATCTTGTCCTCCCCGGATATTTGAAGGCAAATATGTTTGCCAAAGTTTACATTCAACAGAAACGCTCGTAGTTCAATAACTAGCGAA
GACAGCTAATGGTTTATAGAGAGCCCCTACGTAACAGCATAGGAGGCAGTAGTGCAATACTCAGCTTACAGTCGTCTAGTTTCGGTTCTGTTTTTTAGTTTCAACTCAAGT
GTACTACCTGTAGAAGTGTTTGAAAGCCAGCACGCACTCTTAATCAGAGGCAAGACGTTTAAGATTCTAAGATACAATTGGAACAGAACAAATGCAAATATGGTTATCTGG
AAAGGGAGGTAAAGGCCCGACCGGACCCATTTTATTGAAGCTAAATTGATGCGGGCATTTCCACCGTGGAAATTCATGTATAACAAGTGTCTGTACTGAATTTCAATAAGA
TATACGATGCTTCGAGTCTGGTAAAGCCAGCAGTTGTTCCCATTAGCCTTGCGAATGGGTGATTAATAAAGGGCTTTTTTTATTATTGGCGAACAGCCATTCACAACTTTA
GTACAGATTGAATTACTACGCC

B) Multiple sequence alignment:

V. jacobsoni QUNT TRIRAT L/HINHS -
V. jacobsoni 2 ST/ NRERL| SEMEL WSEKRLRCARNELHBHLEASFI LRGNz
V. jacobsoni 3 RVIBE A €S\ 1S TKRLRCFRNOL HMYL FiS F T LRARNSEE <D
V. destructor L PR T <O S TR NSEKRLRCARNEEHEHELFASF IR VNING: <L
V. destructor 2 [|RMMFIIA €Sy 1S TKRLRCERNOLHMY L FS F I LRARNGEEK DY
V. destructor 3 WMSTIN L SSIRE'L TSIKRLRCARN LH LVFIMHLY
I. scapularis LPINTKINT S|t IV S TKRLRCIFRNS|LH AFIECINDAL
T. urticae L Plsi T KI# T SN L RNELH THUSNIFE
T. castaneum L Pp I KN I el8lG v il S iy Sihaligkes 1 KR LBICARNELH S DGL
T. castaneum 2  ARVIQVIRIETEMIFEFA AFI T MM T KB Lj§ICARNELH TELIKST
A. mellifera PIVIKEAT SIt FF AFIYT LI KETRCERNMLEMH L FA S FEIIR 2 JMENEN < piav
V. jacobsoni = —-—-—=————- T RHSDL{ I PQ@WULMUC

V. jacobsoni 2  @TRENIT--—fF-—----—-—-—- NSHEF[iS@: BTLS LMANYCWILMEGLYLEN]
V. jacobsoni 3  Risge@yGiF--—--—-—-—- DDNQK! IO Jg A LMANYCWILMEGLYLHEL
V. destructor = ——---—-—--—-- T-—————————- RHSDL PO@WNLIC LMANYCWILJEGLYLHNL
V. destructor 2 [is@ERyGIF-----—-—-—- DDNQK:/IClo ‘l§ A LMANYCWILMEGLYLHEL
V. destructor 3 [@TREIT--—F-—-——-—-—-—- NSHEF|/S@: |@TLS LMANYCWILMEGLYLEN|
I. scapularis 1y D WSTNV--—-——————- DFNEEN) /D@ J§TSF LMANYCWILMEGLYLHL
T. urticae B---—-—--- L-———————=—= EYNS-iS IV

T. castaneum 13 EE@T WPHEI IQINGKLVY --NKTNF S WVSNAT S

T. castaneum 2 R /E€ c@PSDLNYRNGSLYFDINSETNNW LTS

A. mellifera 1 /Sl WASDVIIKNGKIYWLVDKKESNWLGN JTSF

V. jacobsoni A DAK--LIO - - |Xej=hs
V. jacobsoni 2 ATIYA EMEPKYRG! Tiu

V. jacobsoni 3 T APWIS NK I -GWHE|NNeI=NS
V. destructor A DAK--LI O | Xeied
V. destructor 2 T APWS NKI-GWHE{ESRNE)=NE
V. destructor 3 ATA EMEPKYRG

I. scapularis INEGWGLPVLEERESWY NVR-QD

T. urticae GWEL PV L E A VINKN-VA

T. castaneum ALK LS --NG/VINMYS! (e 1o 8y ' PJT KSS-KF

T. castaneum 2  [gRAIARSSNEKN T Neeiny TEGERV HEN-YD
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PRAFIFINSSSSSEE

PRAIFESSSSSE

mellifera

jacobsoni
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Figure 3.25 A) Gene structure for iPTH receptor sequence in V. destructor and V. jacobsoni
is shown. The 7 Transmembrane helixes are indicated by blue color highlighting and
underlining. B) Multiple sequence alignment of iPTH receptor from various orthologous
species across Phylum Arthropoda.
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Chapter 4 - Conclusion

The Varroa mite, an obligatory ectoparasite of honey bees, has had a significant impact
on the decline of commercially managed honeybee populations in the United States and around
the world over the last decade. While Asian honeybees are more tolerant of mite infestations due
to their behavior and hygienic practices, European honeybees are severely affected by mite
infestations (Haber et al., 2019). The mite-infested honey bee colonies displayed a variety of
symptoms, including a smaller abdomen, deformed wings, and a shorter worker bee life span.

The current mite management strategy in commercially managed bee colonies is based on
synthetic and natural acaricides, but it has proven ineffective due to the development of
acaricidal resistance in these mites (Hillesheim et al., 1996; Maggi et al., 2009; Milani, 1995,
1999). It is difficult to develop/find novel anti-mite chemistries due to various limiting factors
such as the direct impact of acaricides on honeybee health and the indirect impact on human
health because many apiculture products are used for human consumption. There is an urgent
need to develop novel mite control methods because the honeybee population in the United
States is declining at an alarming rate; approximately 40% of commercially managed bee

populations have declined since 2006. (source:www.beeinformedproject.org). New approaches

have been sought that focus on solving the problem by utilizing new biotechnological resources
and available Varroa mite and honey bee genomic sequences. Varroa mite-specific genes, for
example, were targeted using RNA interference in conjunction with genetically engineered
endosymbionts (Leonard et al., 2020).

Another possible approach is to identify and target the Varroa mite specific neuropeptide
signaling system, which is absent in honey bees (Jiang et al., 2016). The rationale behind this

approach is based on comparative genomics between honey bee, and Varroa mite. A
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neuropeptide signaling system found in Varroa mites but not in honey bees' genome could be an
ideal target (Jiang et al., 2016) for developing peptidomimetic-based acaricides (Altstein, 2004;
Zhang et al., 2011).

Hitherto, Varroa mite neuropeptide signaling system is understudied area. Using
comparative genomics, this study aimed to gain insight into the neuropeptide signaling system
and identify suitable targets for peptidomimetic-based acaricide development. Using known
neuropeptide and neuropeptide receptor gene sequences from D. melanogaster, a genome-based
homology search was performed in the genomes of V. destructor and V. jacobsoni. Each of these
species has 29 and 31 genes that encode for neuropeptides, respectively. Orcokinin and
Myosuppressin are two additional genes that were found only in the genomic scaffold of V.
jacobsoni but yet missing the computational annotation. The identified gene sequences shared an
orthology relationship with their counterpart genes from closely related arthropod species. As
our reference genes, known neuropeptide genes from D. melanogaster, A. mellifera, 1.
scapularis, and T. urticae were used. The orthology of the gene sequence could be described in
several ways, including the location of mature peptides, the number of mature peptides, and
conserved sequence motifs in the prepropeptide sequence. In the case of the neuropeptide
receptor, we were able to identify 37 cognate GPCRs in each of Varroa mite species.

There were some anomalies in the receptor results. The receptor sequences for the
neuropeptides sSNPF, RYamide, Pyrokinin, and Gonadulin were identified, but not the
neuropeptide sequence itself. In the case of FMRFamide, however, we were only able to identify
the neuropeptide sequence and not the receptor sequence. During the evolution of the
neuropeptide signaling system, both the neuropeptide and its cognate receptors co-evolve (Park

et al., 2002). As a result, it is unlikely that a neuropeptide is present but its cognate receptor is
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absent in a species, and vice versa. These anomalies are thought to be the result of an incomplete
genome sequence or a missing part of the genome assembly. Even two neuropeptides, orcokinin
and myosuppressin, were found in V. jacobsoni, while the cognate receptor for myosuppressin
was found in both species while the cognate receptor for orcokinin is unknown (Caers et al.,
2012). As a result, the study's findings raise concerns about the quality and completeness of the

Varroa mite's genome sequence (Techer et al., 2019).
Comparative genomics between honeybee and Varroa mite

When the major components of neuropeptide signaling in A. mellifera and Varroa mite
are compared, neuropeptide genes such as ACP, Allatostatin B, Arginine vasopressin like,
Carausious like peptide, EFLamide, Glycoprotein hormone Beta 5 (GPB5), Natalisin, NPF, and
Proctolin are found in V. jacobsoni and V. destructor (except GPB5) while they are lacking in A.
mellifera. Through functional characterization and genetic studies, these targets can be studied in
depth for their physiological and biological importance in Varroa mites. Appropriate
peptidomimetic-based acaricides can be developed to disrupt the Varroa mite specific
neuropeptide signaling system, resulting in altered physiological or behavioral outcomes and,
ultimately, aiding in mite infestation reduction in honey bees.

Proctolin

Proctolin is a bioactive pentapeptide with a highly conserved sequence of RYLPT (Arg-
Tyr-Leu-Pro-Thr). Although Proctolin has a strictly conserved sequence, there are few
variations, such as RYLPA featuring T5 replaced with A5 (A = alanine), RYLST having P5
replaced with S5 (S=serine), and RYLMT having P replaced with M (M= methionine), in the
case of Oryctes borbonicus, Coccinellidae, and Daphnia pulex, respectively (Dircksen et al.,

2011; Spittaels et al., 1995; Veenstra, 2019a). It has the property of modulating interneuronal and
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intermuscular synaptic transmission in a wide range of arthropods, such as the horseshoe crab
(Groome et al., 1990). In insects, proctolin is associated with modulating contractions of both
somatic and visceral muscle contractions (Orchard et al., 1989; Orchard et al., 2011). The mode
of action of proctolin is believed to be through the elevation of both cyclic adenosine
monophosphate, CAMP, and inositol triphosphate and increasing calcium entry through the
voltage-gated sodium ion channels (Erxleben et al., 1995; Hiripi et al., 1979; Johnson et al.,
2003; Lange, 1988; Lange et al., 1987).

Interestingly, proctolin signaling is missing from the insect orders Lepidoptera and
Hymenoptera, including the honeybee, and is lacking in vertebrates including human. This
neuropeptide signaling is found only in arthropods based on sequence homology, showing
myotropic activity. Thus, an ideal acaricidal product can be designed using this neuropeptide
signaling as its signaling is only limited to arthropods, so acaricides with no adverse effects on
human health can be developed and used with fewer restrictions. An additional/separate study
was conducted using the same principle in Park’s laboratory. Several synthetic analogs of
RYLPT neuropeptide were tested for their activity against the V. destructor's proctolin receptor
through a calcium ion mobilization-based luminescence assay. Further details are beyond the
scope of this study and will be provided in the detailed publication soon.

ACP

The ACP neuropeptide signaling system was first identified as an AKH related peptide
from Locusta migratoria in 1999 (Siegert, 1999) and then again in 2006 from Anopheles
gambiae (Kaufmann and Brown, 2006), with unknown functions. This peptide considered to be
the same group as AKH, was renamed as ACP for the first time in A. gambiae in 2010 (Hansen

et al., 2010). The origin of ACP neuropeptide is believed to be the result of duplication of the
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ancestral gene of AKH. Despite being an intermediate in structure between AKH and corazonin,
ACP does not activate AKH and corazonin receptors and vice versa in A. gambiae (Hansen et al.,
2010). Thus, AKH and ACP are considered as an independent and paralogous signaling
neuropeptide system. We were able to identify a gene sequence that is very similar to the ACP
receptor and was verified by black blasting and phylogenetic clustering. ACP neuropeptide
signaling is also present in other arthropods such as Tribolium castaneum, Aedes aegypti, Culex
pipiens, Bombyx mori but is absent in D. melanogaster, A. mellifera, Daphnia pulex, and
Pediculus humanus (Hansen et al., 2010). Recent reports suggest that the ACP and AKH are
involved in maintaining energy hemostasis by regulating the carbohydrate and lipid levels of the
hemolymph in G. bimaculatus (Zhou et al., 2018).

Interestingly, we could not find the AKH gene sequence from the genomic scaffold of V.
destructor and V. jacobsoni. In the absence of AKH signaling, there is the possibility that ACP
signaling might be associated with and regulate various biological functions, including
locomotion activities and energy homeostasis through carbohydrate and lipid metabolism
regulation in the Varroa mite. As it is known, maintenance of the nutrient level in the blood is
vital for animals' health; improper regulation leads to diseases such as diabetes and
hyperlipidemia (Morton, 2006). Similarly, in arthropods such as insects, AKH and ACP are
essential for the regulation of energy homeostasis. Ablation of the normal function of the
neuropeptide signaling system affects energy homeostasis and food intake behavior. ACP
neuropeptide signaling is absent in the honeybee and ACP neuropeptide does not interact with
the AKH receptor and vice versa, which means very low activity against the homologous
GnRHR of humans. Thus, we can develop human-safe peptidomimetic-based acaricides

targeting the ACP signaling system in the Varroa mite.
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Allatostatin B/MIP:

Allatostatin B (Ast B), also called Myoinhibitory peptide (Blackburn et al., 1995;
Schoofs et al., 1991) or Prothoracicostatic hormone (Yamanaka et al., 2010), is known for
various functions, such as inhibitors of JH biosynthesis, neuromodulatory activity, and
myoinhibitory activity. Ast B signaling is widely distributed among insect species, including
Carausius morosus (Lorenz et al., 2000), D. melanogaster (Williamson et al., 2001), G.
bimaculatus, L. migratoria (Schoofs et al., 1991), Manduca sexta (Blackburn et al., 1995).
Additionally, Ast B/MIP functions as a receptor for the Sex Peptide in D. melanogaster (Kim et
al., 2010). Ast B has been isolated from a variety of other arthropods, including arachnids and
crustaceans, for their property of inhibiting muscle activity (Schoofs et al., 1991; Lorenz et al.,
2000; Davis et al., 2003; Kim et al., 2006). Similarly, Ast-B/MIP signaling is involved in
regulating the salivary glands and hindgut movements (Simo and Park, 2014). As Ast B
neuropeptide signaling is absent in A. mellifera, it is a potential target for acaricidal
development, provided upon understanding the physiological function associated with its
signaling in the Varroa mite.

AVP-like:

The arginine vasopressin-like neuropeptide is a highly conserved metazoan nonapeptide
that is known by a variety of names in different taxa, including oxytocin (OT) in mammals,
annetocin in annelids, conopressin in molluscs, nematocin in nematodes, and inotocin in insects.
Although, AVP-like neuropeptide signaling appears to be involved in neurotransmission,
metabolism, and osmoregulation in molluscs and annelids (Gruber, 2014), the biological
significance of AVP’s signaling in insects remains unknown. Further functional characterization

studies are necessary to ascertain the biological significance of AVP-like neuropeptide signaling
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in the Varroa mite and to assess its suitability as a target for peptidomimetic-based acaricide
development.
Carausious like peptide:

Caraursious like peptide is a novel neuropeptide isolated from Carausious morosus, a
stick insect (Liessem et al., 2018). Due to its recent identification, we lack sufficient information
about its physiological significance in arthropods. Further genetic studies are required to gain a
more complete understanding of arthropod signaling.

EFLamide:

EFLamide (Glu-Phe-Leu-amide) is an arthropod neuropeptide ortholog of the vertebrate
thyrotropic releasing hormone (TRH). Across species, the EFLamide gene is believed to encode
two distinct types of peptides, namely EFLamide and EFLGGPamide (Glu-Phe-Leu-Gly-Gly-
Pro-amide) (Veenstra et al., 2012). Among arthropods, the EFLamide gene was first identified
from spider mite T. urticae, and was later discovered in other chelicerates such as ticks, I.
scapularis and Rhipicephalus spp., the mite Sarcoptes scabiei, the scorpion Hadrurus gertschi,
and crustaceans such as Daphnia pulex and Marsupeneus japonicus (Veenstra et al., 2012) and in
insects including Locusta migratoria, Cimex lectularis, and Anax spp. (Veenstra, 2019b;
Veenstra and Simo, 2020).

TRH is a member of the cysteine knot protein family found in vertebrates and is involved
in a variety of functions, including growth, reproduction, development, and metabolism.
Hitherito, the functional characterization of EFLamide in arthropods is yet to be done. It will be
interesting to determine the neuropeptide’s physiological significance in arthropods. However, if
we target this neuropeptide signaling system, we will have to consider off-target effects, as

EFLamide is vertebrate ortholog of TRH.
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Neuropeptide F:

Neuropeptide F (NPF) was discovered in a tapeworm among the species in the Kingdom
Animalia (excluding vertebrates)(Maule et al., 1991; Ndassel and Wegener, 2011) and the first
NPF receptor was identified in D. melanogaster (Garczynski et al., 2002). NPF shares a C-
terminal sequence with vertebrate Neuropeptide Y peptide (NPY), with F at the last position, and
a consensus C-terminal sequence with GRPRFamide (Gly-Arg-Pro-Arg-Phe-amide). The length
of mature peptide of NPF varies significantly, ranging from 8 amino acids short to 34 amino acid
long. In vertebrates, NPY signaling is associated with the stimulation of food uptake (Né&ssel and
Wegener, 2011). Similarly, NPF signaling has been linked to modulation of feeding and
reproduction in animals (excluding vertebrates) (Orchard and Lange, 2013). The presence and
association of the NPF in buccal and cerebral ganglia in A. californica, as well as in neuronal
cells related to egg-laying hormone in H. aspersa, suggests that the NPF may play a role as a
feeding and reproductive modulator in protostomian species (Lépez-Vera et al., 2008; Walker et
al., 2009).

Misexpression or suppression of the expression of the NPF in neurons correlates with
food seeking and aversion behavior in D. melanogaster. D. melanogaster ’s transgenic larvae
with lost NPF signaling exhibit old larval behaviors such as food aversion and reduced mobility
(Wu et al., 2003). Furthermore, the NPF titer level in the hemolymph of the female mosquito, A.
gambiae, fluctuate before and after the blood meal, as well as during reproductive cycle
(Garczynski et al., 2005). As a result of the biological functions associated with NPF signaling
reported by various studies, makes NPF signaling is a potential target for peptidomimetic-based

acaricide development, as chnages in feeding and reproductive behavior will have significant
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impacts on the pest population. However, functional studies are required to confirm the role of
NPF signaling in the Varroa mite.
Glycoprotein hormones:

Glycoprotein hormones are well conserved and characterized both structurally and
functionally in the case of vertebrates. These hormones are members of the cysteine knot protein
family, which includes follicle-stimulating hormone (FSH), luteinizing hormone (LH), thyroid
stimulating hormone (TSH), and chorionic gonadotropin (CG). In vertebrates, these are
associated with various functions such as growth, reproduction, development, and metabolism.
The glycoprotein hormone occurs in the biologically active states as a heterodimer composed of
two polypeptide chains. Following the completion of the human genome sequencing, two novel
genes were discovered in mammals and named GPA2 and GPB5 based on the order of
discovering (Hsu et al., 2002; Rocco and Paluzzi, 2016).

Glycoprotein hormones do have homologs in many invertebrates, specifically Bursicon
and GPA2/GPB5. Bursicon is involved in a variety of physiological processes, including new
cuticle formation, wing expansion (Honegger et al., 2008), cuticle sclerotization, and
melanization. GPA2/GPB5 neuropeptide signaling evolved long before the emergence of
bilateral metazoans (Hauser et al., 1997; Vibede et al., 1998), indicating that the conserved
nature holds vital physiological roles in arthropods and other animals. GPA2/GPB5 neuropeptide
signaling has been linked to the development and maintenance of ion and water balance in
insects. The expression of MRNA transcript of LGR1 (receptor for GPA2/GPB5 heterodimer)
was seen in various osmoregulatory tissues (Malpighian tubules, midgut, and hindgut) in D.
melanogaster (Chintapalli et al., 2007; Sellami et al., 2011; Vandersmissen et al., 2014) and

Aedes aegypti (Paluzzi et al., 2014). In the case of third instar larvae and pupal D. melanogaster,
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knockdown of mRNA transcript of the receptor for GPA2/GPB5 led to mortality (Sellami et al.,
2011), only a low number of flies could survive the transition from one stage to another. Even
after the ablation of the endocrine neuronal cells expressing the GPA2 and GPB5 neuropeptides,
the died because they could not survive the transition from one developmental stage to next.
Another exciting fact is that GPA2/GPB5 neuropeptide signaling is sex-specific, i.e., males have
higher GPA2/GPBS5 signaling expression than females (Sellami et al., 2011).

The physiological role of GPA2/GPB5 neuropeptide signaling is a powerful target for
acaricidal development. However, because GPA2 and GPB5 are arthropod orthologs of the
vertebrate TSH signaling system, peptidomimetic acaricides targeting GPA2 and GPB5 signaling

in Varroa mites may have unintended consequences for non-target species including humans.

Advantages and disadvantages of the approach

The development of acaricides based on peptidomimetics has several advantages. These
benefits include improved metabolic stability, improved bioavailability, highly specificity in
targeting specific pest functions, lower non-target effects, and lower production costs than
conventional pesticide. In general, when compared to the broad-spectrum product applications,
the pharmacological properties will be enhanced and optimized for efficient action against the
specified target. Furthermore, peptidomimetic-based compounds can be made resistant to
degradative enzymes by modifying minute but critical components such as a single amino acid
mutation.

Second, comparative genomics involves comparison of different species at the genomic
level and the provision of insightful information that can be used to understand the evolutionary

changes between two different species. Recent reports indicates that the genome of D.
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melanogaster is 60 % homologous to that of Homo sapiens (Mirzoyan et al., 2019). Thus, genes
that are highly conserved across species can be identified, as can genes associated with unique
physiological and behavioral responses in specific species. Following this approach, highly
species-specific chemistries for protecting the beneficial insect or honey bee from parasitic
infestation can be designed based on the simple principle of targeting the set of genes present in
the parasite but absent in the non-target species/beneficial insect/arthropod.

Despite the many benefits of this approach, there are some drawbacks, such as the lack of
annotated genomic information for various species. Although biotechnological advancements
have aided in the acquisition of genomic information for various species, sufficient work in
terms of genome sequencing for various arthropod pests remains to be done in order to find

solutions to pest infestations.
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Appendix A - CNMamide

V. jacobsoni
Identified from TSA database : GETP01211115.1
Potential Prepropeptide:

FEGRS SRR AT O A EERSRUSREENNG - » = Y GK TS DNDF TLLNKLKELFEEKOYVA

EREKELDKERMKIQSIIMEGKESEIQSDSDYYAEKLPTPNAVVRQEPQHSGJTMISYMTLCHE
KICNMERERO K
Signal peptide = MTGRSSAKRRTALCLLALLLFFRLSASSVVG

Mature peptide = TMISYMTLCHFKICNM

Accessory protein =
EPIPSEYYGKTSDNDFILLNKLKELFEEKQYVAEREKELDKERMKIQSIIMEGKE
SEIQSDSDYYAEKLPTPNAVVRQEPQHSG, QFK

V. destructor

Identified from SRA database: SRR8864012.46893032.2

Potential Partial Prepropeptide:
ESEIQSDSDYYAEKLPTPNAVVROEPOHSETMISYMTLCHFKICNMEROFEK

Mature peptide: TMISYMTLCHFKICNM-amide
Accessory protein: ESETQSDSDYYAEKLPTPNAVVRQEPQHS , QFHK

‘No match in Refseq Genomic Database so could not predict gene structure

1.
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Appendix B - Corazonin

V. jacobsoni
Identified from: Refseq genomic database and TSA database

Gene structure:

I Intron —

Exon 1 Exon 2

TGAATCGGTTTTTGAATAATTATGTCTCATTTACATACATCGGGGCGCTAGTAGARAATCCCAGCGACGTCACTGGC
GGATAGTTTGTCTAGCCTAAACTGGAGTTGGTGTTCTTCTGTTTGAAGTGCGGGCGGTTCACCCTCTCCCAAGGGTG
ATATATATAAAGGGGTGTATAAAAGCTCAAGATCCAGTCGACATACATTTAGTGTGCTCCTGATCACCTTACAGAGT
GTGCCGGCTTGTAGTCGCTTCGAATCCAACAATGAAATCCGGTCTTGCAATTCTACTCGTGTTGGCAGCCCTAGTGG
M K S G L A I L L V LAATILYV
TTATGTGTACCGCGCAGACCTTTCAGTACAGTCGGGGCTGGACCAATGGCARGAGGGCTATCGGTCCGGTTGATGTC
vM crTaQTTFQvY s R Gw< TNTUEIHRBMEB- 216 P VvV DV

GACGGCAAGCTGGATTCGGGACGGATAACCGCCAAGGATCTCTTTACTCTGGTCGAGTTGAATCGTCGAATGTGTCT

b 6 K L. bs G R I TAI KDL F T L V E L N R R M C L
ATTCCTTGCCGGTGGTTCGCACGAAGACCAGTGATCGCACGGAAGCCAAAACTCCTAGAAGATAACGGATCAGTCAG

F L A G G S H E D Q *
GACTACATCGCACCTGGTTGATCATTTTCTATCAATGATTATCGATAAATCAGTGAAGTTTCAGGTAAAGGGATGTT
CTATCACGTTTGTTACCGCCAGCGCTTTCGCATGTGCGTACTAGATAGTCGTTTGGGGGAGGAGGGGTGGAAAATCT
AGCGAACGCTACTGACTTTGAAATAGGTGGGAAGCGATCAAGAATGACAATGCGTTGCCTAAGTATTACTCCTGCCC
ATTGCAGTAGCTGGCTGATTAGCTGAGAATAGTTAGTCTTGTTTATTTCATAGGAACCAAGTAAGGCGGAAATAATT
TAGTTTAGCTTGAAAATATCTTGTTTCAATGAATCGACATTGTAGGAAAAAAGTAAAACACCTAGGGAAAGATTACA
CATCACCCAAAACACGACATTACCATCCAAGAATGAGTAAACGTCAGTAAAATGGAAAGGCGGACAGAAGACGATAA
ATTGAGAAAAACAGAAGCGGCACCCTAGGACTGCGGAGATAACCCATTAGTGGAAGCGTAATTTATCATACAAGTAT
TGGGTGAGCTGTCAGCAACAAACGAACACGACCATAGTGTGAGTACGAGTCAAAATGTATCAGTAAACCCATGGCAG
TGGAATATGTAAAACTTCAGTGTTCAGTCGGCTCAATAAGGCAGCTCTGATGGCGGTCAGAAAACCACAGGAAACGC
CGACAAACGTCATGAGAATACCTCTAGATGGGGACTAATTTGGCTGCTATCGATCATTGCACTAACCTTCAATCATG
CACCCAATCAACAGATTAAGCCAACAGAAAAGTGAACCACGTCGATCACGTTCCTCATGTAACGACGCCAGACATGG
GAAAGAGCCGGCCACGCGCTTGATTTATTTTCCGCACAGTTAATAAATGTGTTAATAAACAAATAATAAAATTACAA
ACGAAATACGCTGAAGCAAACGTTTTATGTTGTATTTTGTCTTAGACAATTTAGATTAGAACAGCCCAACAGTTGAG
GATAAGCTCTTCTTTGTCAGATTCTTGCTTTGATAAAAACCGCTAGGAATGTACGCCCCAACAACTTAAACACCCGA
GCATTTGATATAATTGAAAAATGTAAATAAAAAAAAAATCTGCGATAACCTTTCAGCGACAGAGAACTAGCTTCCTG
CTTTAAATTCATTATTATCTATTGAGCAATAGACGCTTTAATGATTCTGCACAACAATTATTCTTACTAATGCTAAG
CGTTGCAAAATAATCGAATATCTACAGTTTAATTAAGCTTGGCAAGAAATACGTTTACAAAAACTTGAGAATAGGTG
GCAGTTGTGCAAGTCAACGTACGTTAACAAAGTTTCCAGAGTAGTCGAACTATATATATTTCTGTATATATATTTAG
TCGCATTTATGAAGCACCGTTAACAGTTTTTTTTTATGTGAGACTTCTGCTTAGGACTCCTTTTTACGAAGTAAGGA
GTGCAGAGAAGAAAGGGGGAACTGTTAACTATTGTTGAGAACGGTTAATTCCGCTGCTTTCACATGATCGGAGCATA
TATAGAGTTGAAACTTTACAAAGGTTTACAAAGTCCTTTACAAAGGCACAACAACAATTACAAAGTTGTGTATAGCG
TGTAAACGAGAAATGAAGAAGCGAACGGAGGCTTATTATTCGATGAACATGACCAAACACAAAAAAATTTAAATAGC
ATTGCACATAATAATGTTATTACGTCATTAGGCTGTGTTACCAAAGAAGCTCTTCATTATCTTAAGATCCTAGCTAT
GGCTCCCTCTGTTACCTACGCTTAATACGTTCTTCAACCGTGGTAATAATCTCTTCATAATGCAGATGCACCTAACA
TTGCAAGAAAGTGGAACATTGTATATGTCTCTTTGTCGTCTCTGTGGCATCAGGGATGCCGAGCTATTATTTTTATT
AACGAATTCCTTAGATAGAGAGGAGGGTGGAACTATATGGGCTAAAATGTGTATAATGCAATAGTTGAAAACAATCA
GAGGCACGAGAGAGGAAAAAACTATATTCGCCAAAAACTCTTCTACTATGTAGCCTAATTATCTCACTACAATTTGT
TTATTTTTGAGAAATATGAATTGAAAACATTCATGTCGTTAACCCATATAGTTCCGTAAGGTAAAGTTATACGGACC
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TGAGGTGGAACTAGATGGGTTATTCATGATTCCGTGCGAAGAAGTCACTCAGTCAACAAAATCAAAGAGAAATGTTT
TTCTCCTCATAAAGGGCTGTGATTATAACTAGAAAAAATGAAACTTTATAATCATTTACTCCAACCTCGCCAGTCAT
TCATTCACTGTAGGGCCATATATGGTGCGGCTGCGCCGGTGAAGCTGGATTTTGAATGTATAACTATTGGCACATTA
ACGCATTGTGTTTTGTTTAAGAAGTCGGAAGGAACAGTAACAATGTGCACTCCGTTCTCCGAAGCCAACTTCAGTGC
ATTAAAATCTGTATAATTTTCATGGATATGCATGATTTTAATATGAATAATTATCCATGATGAATCCTGATTTATGA
TCATGATTATCCACAATATGGTGCGGGTGTCGGTCATATTGTTTTGTATGAACGATGCGTTATGACCATACAATCGT
AGAAGATTTCTTTAAAAATAACCGCAACATCGACATGCGGTGCAACAAGCGCGAAAATACAATACCCGAGCTTAAGT
TTCGCTGTAAAGCTATTTAGTCCAATTTTTCTGGAAAATTAGCATCTACAACATATGTCTTCATATATGCTCGAATT
CCAATAGCCCATACACATCCCGTAGTAATTATGTAAGATAACTCTATATATGGTAAATTTTGTGAAACTTGTCTTCA
GAAATTTAGCTCTGGGATAGGAACTGTGGTAGAAAAACGGGCTGGTTATCTGTCTTTGTTAGGCTGTTACAAGCGAA
TCCTGTGATTTTTGAAGTTGAATAATTTTTAAATCATGCACCGTTAACATGTAAAATTTGGCTAGTAGTTACTGCAG
TCATTTGGAAACAGGTGAGTGAAAATCGGTTGAATTCGCTCCATTATAAAGGAGTTCATAAAAAAAAACATCCTTTA
TTCTCGAAAATCAATACTAAGTGATCAAGTTTTAGCCACTCGAAGGCCGCCATATTCACGCTGGAAATTCATAAAAT
ATTAGTGATGACGTTAGGCAAAAAGGCCCTAAGCAAAGAATGGCACACTAACTGAAGTTGAATCATGAAAGACTAGC
GAGGAGGTGACCAAATACTAGTTCCTGATGGACAGAAACGCATTGCCGTAATTAAAGAGGCTTTTTAGGAAAACAGG
ACTTAGAGCAAAAACTGGCATTTCAGGTGTAGTATGTTACAGAATTGTATTGAAAATACGGAAACTGAGTAAAGATG
CTATCAGCTGACATTCGACTCCAGGTCAGTTGGAAACGTATATGGTGTGCTTCATGCGCAATTTACGGAACAAAAAG
TCTACTTAAAAGCATATGATCGCCATAACCGAGACATGGTTCAACCACTACCACAAGCTGAAAAGCGATAAGGCGAT
TATTCTACTCTTAGCAGGCGCGATAGGCGTTGCGAAAACACACATGCGTCCAGTTCTAGCTAGCTTATGAGACTTGA
CGCCTACCTTATTTCACAAATCGTTCTCCCGGAAGAGTGAATTCCTAGTCCGAGCCGTTTAACAGTAGAGATTTTGG
ATTAGAAAATGCTTCATATAAAAATATGTAGAATTTTTGTGCTGTTTACATGTAAACAATAATAGTATGAATCACCT
AAAAAAAGCTTTAAGGAAAGAGTAGTCCAAGGCTTATTTAAGGCCTTCGGGAGAGTCCAGGAAGGAACGAATGCAAA
GGCTGAGTTTGTTCATACGGCTAGGTTGAAGAAGTGTTTTAAAGCAGCGGACAAATGATGGTGCACGCACATTGAAC
CTGGATATGATCAATTTGAAAAAGGCAACTACACCCCGGATGACTGAGACGTACGTAGGTGGTACGGAAGCAGATGT
GACAGTTTTTTAGTTACAGCTGCACGTAAAAAAAAAGAGTATTTTATTGTGGTTTAAGATTATATTTGTGATAATTT
TGATAATTCTGGTAATAGTTTACCGTTTATCTTCTTTATGGAACGAAGAAGATGCTCGTTGCATGCAACACAAACTG
CAAATAAACAAACGCTTAGTAGAATGAATGCATTAGAACGTTGATTCTGATAGTTTGCGTAGCACGTGTTATTTTGC
TGTAAAATATTTGGATACAGGTCTGCAACTAATGTGCCATGGTACAAATAAAGTTTGTTGTATATTTAAAGAAAACC
AATACATTTTGAATCTTCATGTTAGATCTTGGTATAGCTTATCAGCTTCTATGCTTTTTTATCAATAAAATACATCC
TCTAGTTTGTCATTGAATTTCCAAGAATAGTTACAATGAATTAATGAATCATCTAAATACGCAGTCTGTTTTAGAAG
TTTCGTTAGTCCCAGAAAGACGAATCGTGTTAGCAGCTGGAATTGGACCGACATCGCCTCGTGTTCTCTTCCAGCAG
GCAGACAAATTACCATACGTATAGACCCTAATATGATTGCTTACTCTTTGTGTCAGCTCAAATTTCATATTTTTAAA
TCTTCTTTTTAATAAACCTTCTTTTTGTAATCCTATAGGAGAACAGGATAACTATCGACTACTTCTAAAGCCAAATT
TCCGCCTATCACACAGACAACTGGCCTAGCTTCGGAGGACTGCTTAAACCTACTCTAATTTTGCAACTCGCTGAAGG
ATCTCTTTGAAAAATAAGACAGCCATGAAAATTAGTCGAAGTTATTTTGTATTCAGACAGATAGGTAATATACGGAT
CGAACAGGCTTTAAATGCAACATACATCTAGTCCAGCTCCACGTGGCAGTTTGATCTCAAGGTAAGTCTGACCCATG
ACTTTTGGGATACGCGTCACCTCACAGTACTTCACAGGTCGTCATCAAATTTTGAGTATTCGTAATAATTATTTAGT
TTGCTAAAGTTACGTTAAAAACCAAGTTTTACTTTATATGGATAAACTTGGGTAGACGGTTCAACAGCGACTCCTAT
TAGAAAACAAAGTTAATTGCTTACCTAAGCATCCGTGGATATTATAAACTATAAAGCGAGAGTAATAAAATATTAGC
GACTGAAGATCGCTAATGAATTTGACAAAAGTAAATTTGTGCTATCGCCCTACAATAGGTTTTGCGCGATTTGCAGA
CGTAGGTTTCACTTGACTTGCTGCAATTTCATGCACATTGATTCATAATCACGATTTCGTTACAGATTTAAGCTACG
GTAGACACCAAAAAATCGTACTCATAAAAAAATTACTCATACTTTCCGTAGTTTGCCGTCATTGGGTCAGTAGGGTA
TAATACAAACTGGCTTATTTGCGTTATCGATGCCCACAGATGTATGTTTACACAGATTAAACAAATCTCATCATTGA
AACTTCTACAGATCATTAGTTCATCCAATCTTGCGTGACAATTATCCGTTACATTTACCATAAAGAAACATAGCCCT
TCAGTAAATACTTTGCTACAATGAAGCCACGAAAGACACTTTTGTTTTGCGCCACGCCAAAACCTAGACACGCCTCC
TGTATCTGCGTGTTTCACTTCCGAGCGTTTAGTCGGGGCTCCGTCGATTAAGAGTCTTCCTCGTTCGACGTCGCTTC
ATTAGGAGGAAACTTTCCTCAATTTACAGGTGCTCTTCGGACACAGGTGACTAACTGAGAGTCTCTTGAGACTAATC
GCATCAGTTTGTAAAGGGTGTGCAATGCGTTAATACAGCGTCTTTGGCTGCGAACTCAGGCAAGGGAACAAAAAAGG
AGAGAGCCTTTTTACAGAGTGAGGCACTCGTTCTCTGACTGAGTACAATTGTTGCGCGGATTCGATGCTCTTCGAAA
ATAGACGCTTCTACATTGCGCTCTCATAATATCACAGTTACAGTATAGTTGTTATTCTGTTGCGGTTTGTCACTCGA
AGCCGCATAAACTACACTATTATTATGATTATAAACGATACGTTACTAGTATGACTGAAAAACTAAGTAATCAGAAA
GCTTATAAATTTCGACTGTTTACTAACGGCAAAATTAATTCGCTCTCTGTGAACTGTTGGCACAATTACCGGCGTTG
CGAGGTTGGTTTATGGTAATAGTAAGACGCTTGTTGATGTCTTATACCAG

Potential Preprohormone Sequence:

188



MRSCTATIIVIARTVVMCTAQOTFQY SRGWT NG~ 1 GPVDVDGKLDSGRITAKDLFTLVE LN

MCLFLAGGSHEDQ

Signal peptide: MKSCEATELVEARLVVMCTA
Accessory proteins: ATGPVDVDGKLDSGRITAKDLFTLVELN and MCLFLAGGSHEDQ
Mature peptide: QTFQYSRGWTN-amide
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Appendix C - Diuretic Hormone 31

V. jacobsoni
Identified from genomic database and TSA database

Gene structure:

I Intron :—

Exon 1 Exon 2

Blue region = Untranslated region
Yellow region = Mature peptide region

GGTCTGACAGTCTTCTTTCCAGCCGTTGTGGACTTCGTCGAGATGACTCAGATTCAAGTAGTTGTCGTTGTATTTCT

M T Q I Q VV V V V F L

TTTGGCTTTTGCCGGATGTTTCACTTCACCAGCACCGCGTAGCGACGAGGCTCTTCAGTACTATTACTTCATGCAGC
L A F A GCU F TS PAUPURSUDTEA ADTILUOQZY Y Y F MO

ATCCTCCCAGCGTGGAGTTGATGCTTGGCGATAAGCGGTCGAACGGAATGTTGGACTTCGGGCTGGCGCGCGGCATG
g pp s v i LMTELGT?D DB s N6 ML DF G UL AT R G M
TCGGGCGTGGACGCTGCCAAGGCGCGTCTCGGTCTCAAGTACGCCAACGATCCCTATGGCCCCGGTCGGAGGTAG

S 6 VDA A KARTULTGTLTZ K Y=aNDPVYcpr § R *

ATCTTTGATTAGAAGCCAATTGCTTGCAGCAGGCAACACCCCACCTTCCCACGGACCTGAATAATGTACTACACGTT
TATTAATTATCCTGTACCCATTACGATTATTAGTATCACCTCTGTTAACTAGTAAAAACCTCCTTGTTAACGGGCTA
TGGCCTGACGCCATCTGGTGCACGCTTCCAAGAAAAGCACACGATCGTTATGAAAGACGCTAGTGCACCGAAAGCTG
ACGTGAGTCAGGCGTTTGGCCATCGTCCTACATTTTGGTCCCGAGAAAGAATGCACGTAGAAATTGTTAAAGGAACA
AACGAAATCGGGCGACGGTTGCGGAGGATTTGGTCAACGCCCAAGTAGATTAAACTGTCGACAAACAAGAGACACAA
AGTCGAAACAAATCAATACTCACCCCACAAGTAGAGAACTTTTACGATAACGATTGTTAGCACGTCGTTGGAACTTG
AAATGGGTAGGTGGGGTGGTAATCAGTTAAGCTAAACAATAGTAAAGAGGCTGGCTGATACACAGGCAGAATCGTGT
ACAGACACGGGTACAGGCGCGGTTGTGAAGACATCAGCTGTTGGAGAAGAGACATGCAGATTAAAGGACAAATACTG
GCTGTTGAAGAACACTACAAGAAACATATATAGACTGAGGAGCAAAGATCCAAGGACCTCCGATAATGTTAATGAAC
AACATCCACAAGAAAGGATTACATATCGATCAGCGAGACTTTACGGCATGTTGTCATAGCGACCCGATAACATATGC
TCATCTACGTTAGGTAACAGCAATATAATTTCAAGATGCGCTGACAGCACCCGAAACCTCAGATAGACCTTTAGTGA
CCTGCCCACACCAGAATGTAACCCCTGAAGTCATATATCGATCTATTGTACTTGTCCCGCACAGGATCTGGTTACAA
TCTACTGTATTACGATACTATTTTATCAGATAGCTACCGGCGCATCAGGCAAAATGCTACCGACCAATTTGCTAATG
ATTGGTATTTATAAACAAGATTCTCTAGCATTCACTAGAAGTAAGAGACCGCAGATCGAATGCAGTTTCTAGGGGAT
AGGTGGACACTTGCGCAGTGAGAGACCTTGCTCACCAGCAGTAATACTATTGATATCTCCAGATAATAGGTATACAG
ACTGTCGAAAATCGCGAGTCCAAGAGGCATATCCCTGTGAAAACTTTTTTGTCGCTGACGAACATAGCTGATGTGTT
GGAATTAGCTGAAGAATTGATGAATGTGTAGCCGTCATAAGCGAGCCAAACACAACCAGCCGACCAATAGATAGACA
ACAAATATCTACAACGCAACATGTTCGGTGCAGATAGTTAACAGATAAGTACAGAAAGAAACCAAACGAAAATGATG
TCATCAGCGGCTGTTTATGACGATACACGCAAAAAAGAAGAACAAACGAAATGATGTGGGAAAATGGAAGGGATGTC
ATTTGCTGCGTTTCGTTAGACGGAGCATGGTAGGGATGTCAAACAATACACGCTCCACAAAGGCTATAAAAGCAGCA
AAAAGACAGGAAGCTAAGGATTTGCTTCAGAACACTACACGATGGAAAATCAGAAACAGTTGACATAACCAAAACTG
CAACGACGGGAAAAGATAGAAAGATAACAAAGAGATTGTGTAATTTATATAAATAGCAACCAACATTTACTATAGAA
CGATACAAGCGAAACAAAAAAAAATAGCAGACGAAAAAATCCGAGCAAAAAACAAAAAAACCTATTGTTATTACTGC
AAGCACCATTATAAACTGTACGACATTAGCTGAATTGAATGAATGAACTCGAGTTCACTCACGTGTTTCAACTTGTC
ATGAGGTAGCAATCAATCTGTTATGGTATCATCAGCAATGACAGAACTAAATCTAGGGAGACTAACTGACATTAAAA
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CTACAGGCCAACTAGTAAAAAGAGCTGAACGAGCGAATCAAGCAATGGTATCGGAGAGCAAAAGAACGCGATATCAC
TTCGTAGCTGGGGACTCCTAGAGGAACATCAATAGTTTTCACGAAGAGGAACGACTTGCAACGGACAACTCAAGCGA
AAATGCGGTCGGTCGCATAACGTCGAACAAGCGAATACGTTTCAGCATGAAGACAAATATTTACAAAAATATACGGT
GAATCAAACCCAAATTCGGCAAAAATAAAAGACGATACTTGTTTGCAGATATGGGCAAGCCCTTTAACTTTGTTATA
GACAATTAGTTCGACATAATGGTATAGGATAGTTACAAATACGAAGGCTAAGTAGCAGAATACTACACACACATATT
TACTGGACAGATGCTTCGTGACTTGTTTCAGATTGACCACTGACATTTCTCGCACTGGGCCGAAGACGAGGCTATGC
TTTTATAGGCACGATGATTGCCGCTCCATTCTCCCGAATCAACGATTTACCATTGTTATAAAGGCACAACATGTAGG
TGCTTCGTTTTACACAACAGCAAGCAAACCAATAATAACACAAGTACAGGATCATGGAAAACCTACTTCTAAAAACA
ACTGCACAAAAATAGGCCTTTCGACCGTAAACAGATACACTTAATAAGTACATTAGATTTAATAAACGTCGAGGCTG
CGTAACTGACGTAGATCGCTTCGTCTGAGACTTCGGCTAACCGGCAGCGCCGCATTGCGGCAGAATGGTATACTAGC
ATTCTAACCGCAGCGTAAACAACGTTCGCTCAGGTAACTACGGTCCAGTAGGTAAACGAATCGTATAAATCGCCGTT
GAAATTGGATCTTTAAGGTTCATTATCGATGTCCAATTAGAGCCTGTTGACTCTGCGGTGTCTTCGGCTATGACGAG
GCATTACTAAGGACGACGTATTCCCTCCCCCCCGCCCGCCCCTACGGAATACAGCCTCTAAGGTCGACAACACGCCT
TTGTACGGGTCGATCAAGCGAATCAAAGCCGTTTTCCAAACAATGAAAATCACAGCATCGATACGTCAAATCACAGC
ATTCTTCACGAACAATTCTGGTTCCACGTGCGTACACGCCCGTACACGAACGCTTGAAGCACTAAAATGACAGAGCA
AATCGATAAGGCAGCTTTGGGCTTTAACATAGTTAGCACGTATTATCAGCTTAACGGTTCTTGCATCTAGCCTTCTT
CTTCCATATAAAGAGACACGCACGCACCCTCTAGCTTAGCGTGAAATGAAGAGGTTTTCTGTGAATATCAAGTCGCT
GATCCATAAAAGTTGAAGTAAACAACGTTAGGCCACATACTTGTATGTATGGGGATGGAACAAGTGTAGCCTTATGG
TTTTTGGGTGGAGTAAATTATGAAGTAGGCCGTAAAAGGTCGCCTTACCCTTAGGAAAAATTAATTTTCAGTTATTT
AGAGGAAAAAATTGTGCGCTGTTAGCTATTGCAAGGATATTTTCAATATTCTAAAATGCAATGACTAAACTGTGAGA
GTGGCCGGTTCGAGTCCCGTCAATGAGACGGGAAGTGTAATTGAAGGGAGAAACGAACCGTGATCTGAAGTTCGCGA
CATTGCGTTGACTATTAACAGCCGGACAGACTGTGATGGAAGGCTCGTAATTATTCTATGGTTTACAGTTGTTATTT
AGCTGTCAACACGATTCGCTTCATTGAACTTTCATTTGATAGCCAGTAGCGGTTTAGAACTTGCGGCAACTTGACGG
CTTCAACCGTTACAATATGATTGATAGTAACGTGACATAAACGGGCAGTAATTTAACTTTAAAGATAGAATGTCTAG
AGTTTTAGGCACATCAGTAATGGTGCGTTCGTGAGCTTATTATTTACCTAGTAGTGTTACGCATGTACAGTATTAAG
CGCAGAGTAAATGTTGTATCTGTCTGTTAGCTTTGATGTTAGTCTGTATTTGGTAGTAACAAGTTTATTATAACAAG
AAACTCTATATTATTCAAATCGTTTGCTAAGAATGAGACGCCATTATTCTACTATATTTAGCAGATATGACTAACTT
ATCTATTGCTCGTTTGACACTTTGGCTGCAACCGCAACACTAAATTTTTCGAAATTGTCTCGAAATTTTCGATTTTA
TGCTACGACATACGAACCCTAGTTATCAGCATTTTCCAAAAGGCATGAAAAAA

Potential Preprohormone sequence:

MTOTOVVANVELEAFAGCET S PAPRSDEALQY Y YFMOHPPSVELMLGDliSNGMLDFGLARGMS

GVDAAKARLGLKYANDPYGPGHE

Signal peptide = MTQIQVVVVVFLLAFAGCET
Mature peptide = SNGMLDFGLARGMSGVDAAKARLGLKYANDPYGP-amide
Accessory protein = SPAPRSDEALQYYYFMOHPPSVELMLGD
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Appendix D - Elevenin

V. jacobsoni
Identified from: TSA database, GETP01191846.1
No match in Refseq genome database so its difficult to predict gene structure

Potential preprohormone sequence:

M TVATIRCYFHACSES vNCELY PFHHTCRGTMS|ll2MFPIAYGSECEESKGNINCVKEFEEK

NRIAYIPLSKSKLLIALLDDDLRKDITRSIRHKLRNDEMIKONSALMENFLSQLDSSDNY

Signal peptide: METVATLECYFHACSES
Mature peptide: VNCELYPFHHTCRGTMS

Accessory proteins: AMFPTAYGSECEESKGNINCVKEFEEKNRIAYIPLSKSKLLIALLDDDLR
KDITRSIRHKLRNDEMIKONSALMENFLSQLDSSDNY

V. destructor
Identified from: SRA database, SRR8864012.149089260.1
SRR8864012.149089260.1

CGTGAATTGCGAATTGTATCCGTTCCATCACACGTGCAGAGGTACAATGTCGAGGAAACGCGCG
ATGTTCCCAATTGCGTACGGATCAGAATGTGAGGAA

Partial preprohormone sequence:
VNCELYPFHHTCRGTMSAMFPIAYGSECEE

Mature peptide: VNCELYPFHHTCRGTMS
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Appendix E - Limostatin

V. destructor

Identified from: SRA database, SRR8864012.120933285.2
No match in Refseq genome database, So no prediction of gene structure
Potential Preprohormone Sequence:

NS TG EG F N\ NAERSLNSNSFSQLSDPTPSRLRNLEDVPARLSRIFGKNSRTRSLHI
EDQHGFDGKVEKINVNSEEDLPGIRAYGVOKKKLMNNGY IEKSIQREIDTRSVEDGSRVTRSIE
AYGKTKDRLETNGSIERGNPSTIHET|JSPRSIETETTKODGVKESDLEDLEGQDAKVEFRPLEV
YROOMAJOHRAKNQIYGFPKIPCEKRAPIF -

Signal peptide: MSTRATHCETTTEG

Mature peptide: SPRSIETETTKQDGVKESDLEDLEGQDAKVEFRPLFVYRQQOMA

ACCGSSOI'y proteins: FNNAERSLNSNSFSQLSDPTPSRLRNLEDVPARLSRIFGKNSRTRSLHIED
QHGFDGKVEKINVNSEEDLPGIRAYGVQKKKLMNNGYIEKSIQREIDTRSVEDGSRVTRSIEAY
GKTKDRLETNGSIERGNPSTIHET and QHRAKNQIYGFPKIPCEKRAPIF

V. jacobsoni

Identified from: TSA database, GETP01243268.1

No match in Refseq genome database, So no prediction of gene structure
Potential Preprohormone Sequence:

SRR RCEE G - N\ NAERSLNSNSFSQLSDPTPSRLRNLEDVPARLSRIFGKNSRTRSLHI
EDQHGFDGKVEKINVNSEEDLPGIRAYGVQKKKLMNNGY IEKSIQREIDTRSVEDGSRVTRSIE
AYGKTKDRLETNGSIERGNPSTIHET|JSPRSIETETTKQDGVKESDLEDLEGQDAKVEFRPLEV
YROOMAJJOHRAKNQIYGFPKIPCEKRAPIF -

Signal peptide: MVSEEATECEITTEG

Mature peptide: SPRSIETETTKQDGVKESDLEDLEGODAKVEFRPLEVYRQOMA

Accessory proteins: FNNAERSLNSNSFSQLSDPTPSRLRNLEDVPARLSRIFGKNSRTRSLHIED
OHGEFDGKVEKINVNSEEDLPGIRAYGVOQKKKLMNNGYIEKSIQREIDTRSVEDGSRVTRSIEAY
GKTKDRLETNGSIERGNPSTIHET and QHRAKNQIYGFPKIPCEKRAPIF
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Appendix F — Myosuppressin
V. jacobsoni
Identified from: SRA database, SRR3635105.57299974.2
No match in Refseq genome database, So no prediction of gene structure

Potential partial preprohormone sequence:
VIKKLYFIGFHESIPLLDSGVjopvDrvFLREFEIN-

Mature peptide: QDVDHVFLRF-amide
Accessory proteins: VIKKLYFIGFHESIPLLDSGV
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Appendix G — Neuropeptide F

V. destructor

Identified from: SRA database,

Gene structure:

Exon 1 Exon 2

TGTTTCTGTTACTCATTTTATAATAACAGCTAACCATGTCAGCCGAGATGTCAAAGACGATGTG
M S K T M C
CCTTCTCCTGGTTGTTTTTGTAACGGTGATGGTCATGGGCGTGGCAATGGCTCAGGAAGCACCG
L L L Vv Vv F v T v M V M G V A M A Q E A P
AATAATCTCAACGCGGCCCTCGAGTATCTTGAAGGTCTCGACCGTTACTATTCAGCGAAGGCTC
N N L N A A L E Y L E G L D R Y Y S A K A

GACCCAGGTATGGCCGTAGCGTGGGTTCCGGGACCCAGCGTCTCTACACTGGATGCGTCAATCC
R P R YEHE s veeGs T ORTUIL Y T G C V N P

CGGCGAAAGGATTTAAACGCTTGCCAATGACC
G E R I *

Potential partial preprohormone sequence:
QEAPNNLNAALEYLEGLDRYYSAKARPRY.SVGSGT

QRLYTGCVNPGERT

Signal peptide: [ISAEHEREVCTIIVEVEIIETAA
Mature peptide: QEAPNNLNAALEYLEGLDRYYSAKARPRY
Accessory proteins: SVGSGTQRLYTGCVNPGERT

V. jacobsoni
Identified from: SRA database,

Gene structure:

Exon 1 Exon 2
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TGTTTCTGTTACTCATTTTATAATAACAGCTAACCATGTCAGCCGAGATGTCAAAGACGATGTG
M S K T M C
CCTTCTCCTGGTTGTTTTTGTAACGGTGATGGTCATGGGCGTGGCAATGGCTCAGGAAGCACCG
L L L v Vv F VT VM VMG V A M A Q E A P
AATAATCTCAACGCGGCCCTCGAGTATCTTGAAGGTCTCGACCGTTACTATTCAGCGAAGGCTC
N N L N A A L E Y L E G L D R Y Y S A K A

GACCCAGGTATGGCCGTAGCGTGGGTTCCGGGACCCAGCGTCTCTACACTGGATGCGTCAATCC
R P R Y EPRR s ves T oQ R L Y T G C V N P
CGGCGAAAGGATTTAAACGCTTGCCAATGACC

G E R I *

Potential partial preprohormone sequence:
QEAPNNLNAALEYLEGLDRYYSAKARPRY.SVGSGT

QRLYTGCVNPGERT

Signal peptide: MSARMSKIMCHLINVY BV IVMVMGVANA

Mature peptide: QEAPNNLNAALEYLEGLDRYYSAKARPRY
Accessory proteins: SVGSGTQRLYTGCVNPGERT
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Appendix H — Orcokinin B

V. jacobsoni
Identified from: TSA database, GETP01194674

No match in Refseq genome database, So no prediction of gene structure

Potential Preprohormone Sequence:
ETNLLRREFYGPVNPELFAAFLDDHGLPREKVGQSD

RYLSRLRGGGNVARLPARSGVGKSNYDARDGODERLSRNLDQILSPPIFVGSERETLERFG]N
IDEIDRTAFDNFEINLDEIDRVGWSGE VL TNY LATTGHGTNTGGPVLTRREG

Signal peptide: MMPRESVEATSTHATS TTATVWI PIVOA

Mature peptide for Orcokinin B: NIDEIDRTAFDNFF and NLDEIDRVGWSGFV

Accessory proteins:
ETNLLRREFYGPVNPELFAAFLDDHGLPREKVGQSDRYLSRLRGGGNVARLP
ARSGVGKSNYDARDGQDERLSRNLDQILSPPIFVGSERETLERFG and
LTNYLATTGHGTNTGGPVLTRRFEG
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Appendix I — Pigment Dispersing Factor

V. destructor

Identified from: SRA database, SRR8864012.106407301.1
No match in Refseq genome database, So no prediction of gene structure

Potential partial preprohormone sequence:
BB sELINSLLGLPRNMNNAGH

Mature peptide: NSELINSLLGLPKNMNNA-amide
V. jacobsoni
Identified from: SRA database, SRR11879882.65162670.2

No match in Refseq genome database, So no prediction of gene structure

Potential partial preprohormone sequence:
BBNSELINSLLGLPKNMNNAGH

Mature peptide: KRNSELINSLLGLPKNMNNA-amide
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Appendix J — Proctolin

Identified from: Refseq genomic database, LOC111244398

V. destructor and V. jacobsoni
Gene structure:

GCGCCATCAGCAGTAGCGGAAGTAGTAGCCGACAACTCGAAAAACGGTGAAGCAGTTACATAACTTTATGGACGTTA
AAGTGTCTGCCTAGAAGGAGACTACGAGTGTCTGGTTTACGTCAAGTTCAACTATAAGGTGTCCACGATAGTAAACA
ACTAATACCTTTAGATTCTTCGATTATATTTATTGGCGTTGAGATCAAATAGCTTCTAGTCTCTAGAGAACAACTCA
GGATGTCGTCGCCAATGTCTGCCCGTGGCATTCTGTGGGGTCTTATCCTAGTTGGGGTGATACTACTCAGCTTGTCG
M s §s p M S A R G I L W G L I L V G Vv I L L S L S
GTGGAATCGCAGGCACGCTATCTTCCTACAAGAGCAGACCCGGCGCGACGAGAACGGATCCGGGAGATTCTAAGAGC
v E S Q A R Y L P T I A D P A R R E R I R E I L R A

GCTGTTACTTCTCTCGCCCGGCGAGCCCGAAGCACGCGGTCCATACACTTCGAGTTATGAATATGGCACCGGGGCGG
L . L. L s P G E P E AR G P Y T S S Y E Y G T G A

GCGATCTGAAGGGGCTTGAAAGAAGTGACTGGGATTCGTCATCGACATGATTGCCATC

G b L K GG L E R S D W D S S s T *

CGTACGCAAGCTAGGGCAGTTTAAGCTGAAGCAAAATAACAACAACAGCAACAACAATAACAACAAAGCTAAGAAGA
AGCCCTAACCCTTTTTCCTGTTTGGAAGACATGTTACGAAAGAGAAGGAGAGGAAGCGGGCTACGCCGTAGCAAGAT
ATAGCAGACGAGTGGAAGAGTGGCAGAGAAAAGGAATTAAAAGCAAACGGAGGAGGAGGGGGAGCATGGGGAGGACA
AGGAGGAGATGAGAGACGAATGGAAAAAGAATAGTGCACGACACACAAAAAATGTTTCTTTGATTGCCCTTGTTCAA

GACGTTTCATGAGTCTGTTTTAGTTTTACGTTGTTGTTAGCGTTGCTTCGGGGTGTGAAGCAACTTACGCCGGACGA
CTACATTCCAGCGGAAGCCATACGAATGAATCGGCAAGTGTCCCACCACGAGTAATTGGCATCACCCAGCGCATCAA
TCGTCAAGTGGCAATCACGACCAAATTCACAATCCCCGCGAAAAGCGGTGCAGATAAAGCTTTTCAGCAGAGAAATG
AGCGCAAAAATCAATTAATCGTACATCTGATACGAGGCACGATATGCACATTATATCATGCCACACAGTACATTAAT
TAATGGAAGTAATAAATATCCGTGGATCCAGTATGTCCCATCGACCCACAGATCGAAACAGCTATCGACAGCCTATG
GAAGTGGTCCTATTAAAAAAAAAACAGCACCACTCAAATAGGCATCATGTACTCTTCTGGTACTATTACTGCTTTAC
GAGGGTCGAGTTACTATGGTTTTGAGGTTTCAGTAATGACTTCGTAGCGCCATCTTTAGGTGTTGTGGAGTTTTCCC
TCTAGGAAGGCAGAGTCACTTTAACAAGAATCAACATTCAGGCACCGCAAATATATGGCAGCACCCTCTATGGTTGT
AGGTGAAAGGTAAAATGAAACACAACTAAGATACATAATGGAGACACGTAACATCTACCCTTATTTAAAGCAAAAAA
AAACAGACAAATTATAAATAAAACTGTTTTTG

Potential partial preprohormone sequence:

MSSEVSARGIENGEVEVIESHSVES0Ar 7Tl D AR RER TRETLRALLLLS PGEPEARG

PYTSSYEYGTGAGDLKGLERSDWDSSST
Signal peptide: MSSPHSARGTIWGHILVGY I LESHSVESOA

Mature peptide: RYLPT

Accessory proteins: ADPARRERTRETILRALLLLSPGEPEARGPYTSSYEYGTGAGDLKGLERSDW
DSSST
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