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The western corn rootworm (WCR), Diabrotica virgifera virgifera Le Conte 

(Coleoptera: Chrysomelidae), is a major pest of maize (Zea mays L.) in the United 

States and has continuously challenged our ability to develop sustainable pest 

management solutions. Resistance to chemical insecticides, crop rotation, and most 

recently transgenic plants that express toxins derived from Bacillus thuringiensis 

Berliner (Bt) have been well documented among WCR populations. Furthermore, US 

regulatory insecticide prohibitions and the lack of new active ingredients have reduced 

the options for WCR control. Pyrethroid insecticides are one of the few remaining 

chemical options. Therefore, the recent confirmation of WCR field-evolved resistance to 

pyrethroids in the US western Corn Belt is a major concern. The present research 

aimed to characterize WCR pyrethroid resistance.  

The initial objective was to evaluate the field performance of formulated 

pyrethroids on pyrethroid-resistant WCR populations. An aerial application simulation 

method was developed to evaluate the performance of foliar adulticides whereas soil 

insecticides targeting WCR larvae were tested in field plots with representative WCR 

populations. Laboratory bioassays estimated the susceptibility of tested WCR 



 

populations against the active ingredients of formulated insecticides. Results indicated 

that relatively low levels of WCR pyrethroid resistance are enough to significantly impact 

the performance of pyrethroid products commonly used for either adult or larval control.  

A second objective was to artificially select a pyrethroid-resistant WCR 

population to be used along with field populations for pyrethroid resistance 

characterization. A population was selected in the laboratory with a diagnostic bifenthrin 

concentration for several generations reaching levels of pyrethroid resistance observed 

in field-collected WCR populations. A pilot heritability investigation suggested that a 

major portion of WCR bifenthrin resistance phenotypic variance may be due to genetic 

variation, and that a substantial increase in resistance could be expected after <10 

generations of insecticide exposure.  

Finally, the third objective was to identify WCR pyrethroid resistance 

mechanisms. Biochemical assays and High-Throughput RNA Sequencing results 

revealed that insecticide-related metabolism in pyrethroid-resistant WCR populations 

was significantly enhanced compared to pyrethroid-susceptible populations. The 

relevance of results is discussed within the context of WCR pyrethroid resistance 

monitoring and management. 
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CHAPTER 1. INTRODUCTION AND LITERATURE REVIEW 

 

Introduction 

The western corn rootworm (WCR), Diabrotica virgifera virgifera LeConte, is one 

of the main insect threats to maize (Zea mays L.) production in the United States (US). 

Depending on the maize hybrid, pest infestation level, degree of abiotic stresses, and 

control strategies used, root damage by larval feeding may cause significant yield 

losses (Metcalf, 1986; Spike and Tollefson 1991; Davis 1994; Urías-López et al. 2000; 

Urías-López and Meinke 2001; Sappington et al. 2006; Tinsley et al. 2013, 2015). This 

insect pest also became a major concern for European countries after it was first found 

in 1992 close to Surcin International Airport in Belgrade (Berger 2001, Miller et al. 

2005). Since this first report, WCR has spread to more than 15 countries in Europe and 

has placed many others at risk of biological invasion (Aragón et al. 2010, Wesseler and 

Fall 2010, Lemic et al. 2015, Mrganić et al. 2018). 

For decades, WCR management history in the US has been a repetitive 

sequence of ephemeral success, rapid resistance evolution, and control failure. Soil 

broadcast application of organochlorine insecticides commonly used in the 1950s 

became rapidly ineffective with high levels of WCR resistance documented by 1962 

(Ball and Weekman 1962, 1963). Carbamate and organophosphate aerial applications 

used for adult WCR control selected for significant levels of resistance by the 1990s 

(Meinke et al. 1998; Scharf et al. 1999; Wright et al. 2000). Finally, field-evolved 

resistance of WCR to transgenic maize, that expresses rootworm-specific Cry toxins, 

was reported for Cry3Bb1 in 2009, mCry3a in 2011, and Cry34/35Ab1 in 2016 
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(Gassmann et al. 2011, 2014, 2016, Gassmann 2012, Wangila et al. 2015, Reinders et 

al. 2018). 

The efficacy of current options available to control WCR is a major concern. 

Many growers have adopted rotation of maize with a nonhost crop and/or transgenic 

maize as first-line defense against this insect pest in the US (Wilson et al. 2005). 

However, insecticides are still used as a complementary tool. Particularly in the western 

Corn Belt, where consecutive planting of maize for ≥ two years is a norm (continuous 

maize), aerial applications of pyrethroids are frequently used to manage high population 

densities of WCR and other maize pests such as western bean cutworm, Striacosta 

albicosta (Smith) (Levine and Oloumi-Sadeghi 1991, Chandler 2003, Pereira et al. 

2015, Archibald et al. 2018).  However, the repeated use of this practice has placed 

significant selection pressure on local pest populations, recently resulting in WCR field-

evolved resistance to pyrethroids (Pereira et al. 2015, 2017). 

The goal of this research project was to characterize the WCR pyrethroid 

resistance detected in the US western Corn Belt, by not only identifying the resistance 

mechanisms involved, but also by evaluating the impact of pyrethroid resistance levels 

found in the lab on the field performance of commercial formulations. Additionally, 

laboratory selection of a pyrethroid-resistant WCR population was performed providing 

a pilot estimation of the resistance trait heritability. Results obtained from this research 

will inform WCR resistance management programs and contribute to the development 

of protocols to detect and confirm field resistant individuals. 
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Literature review 

Pest management concepts 

After the World War II, insecticides were heavily developed and deployed to 

manage insect pests. Insecticides were relatively cheap, broad-spectrum, relatively 

easy to use, and provided significant control of many pest species. However, this almost 

universal reliance on chemical pesticides triggered many adverse effects. Problems 

such as pesticide resistance, destruction of natural enemies, resurgence of secondary 

pests, destruction of pollinators, contamination of food webs (bioaccumulation), and 

environmental contamination led to social pressure against pesticides, new 

environmental legislation, and development of ecological pest management strategies 

(Carson and Darling 1962, Perkins 1982). 

In the 1970’s, the US government started to significantly implement policies and 

funding to support research in pest management to enhance environmental quality, e.g. 

implementation of the Environmental Protection Agency (EPA).  This facilitated the shift 

from unilateral reliance on chemical control to a more naturalistic focus that evolved into 

the concept of Integrated Pest Management (IPM) (Perkins 1982, Flint and Gouveia 

2001). In few words, IPM is a paradigm for managing pests within an ecological 

framework based on cost/benefit analyses that consider the interests of and impacts on 

society and the environment. The IPM system considers the pest as part of a complex 

ecosystem and supports sustainable decision making and use of multiple tactics to 

maintain pest populations at levels below those causing economic injury while 

minimizing adverse environmental, economic, and safety consequences (Kogan 1998). 
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The theory surrounding selection pressure that naturally occurs in the 

environment was also applied to the IPM philosophy. It is accepted that there is a 

natural evolutionary process where organisms better adapted to their environmental 

conditions tend to survive and reproduce, which is called natural selection (Gregory 

2009). By changing the environment and imposing artificial selection pressures, 

agriculture is also shaping the evolutionary process of associated living species 

(Georghiou and Taylor 1977). Pest control measures are recognized as selection 

pressure factors to which pests can evolve resistance, thus Insect Resistance 

Management (IRM) strategies were developed in association with IPM to slow that 

process (Georghiou 1983). Mathematical models and statistics were developed to 

estimate the initial frequency of resistant pests and their evolution over time under 

different control tactic regimens. The concept of rotation was applied to avoid the 

evolution of pest resistance based on the theory that the initial frequency of pests 

resistant to multiple control strategies is extremely rare, and that by rotating strategies 

the evolution of resistance will be significantly delayed (Roush and McKenzie 1987, 

Roush and Daly 1990). Not only rotation of strategies but also rotation of modes of 

action within a strategy, e.g. insecticides, were incorporated into the IPM paradigm 

(Sparks and Nauen 2015). 

 

WCR bio-ecology 

 During an expedition in Kansas in 1867, the North American entomologist John 

Lawrence LeConte found a new species of Coleoptera: Chrysomelidae, which he 

classified and named as Diabrotica virgifera (LeConte 1868). Later, this species was 
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recognized as a maize pest and was divided into two subspecies: the WCR Diabrotica 

virgifera virgifera LeConte, and the Mexican corn rootworm Diabrotica virgifera zeae 

Krysan and Smith (Gillette 1912, Krysan 1986). For over a century, the WCR was 

primarily confined to North America with its center of origin believed to be in Central 

America (Webster 1895, Krysan 1982, Lombaert et al. 2018). However, in 1992 it was 

found in Serbia, and has been spreading through Europe since then (Berger 2001, 

Miller et al. 2005, Wesseler and Fall 2010, Lemic et al. 2015, Mrganić et al. 2018). 

The total life cycle of WCR occurs only once a year in the field, which means it is 

a univoltine species (Ball 1957). The eggs overwinter in the soil and hatch in late spring 

with larval host range limited to specific grasses (Branson and Krysan 1981, Clark and 

Hibbard 2004, Moeser and Vidal 2004, Oyediran et al. 2004, Wilson and Hibbard 2004). 

The larval stage is comprised of three instars with an average development time at 

20°C of 11 days for the first instar, 14 days for the second, 27 days for the third instar, 

and 15 days for the pupa stage (George and Hintz 1966). Adult longevity averages 50 

days for females and 40 days for males (Ball 1957). Each WCR female oviposits an 

average of 400 eggs in soil (Ball 1957, Elliott et al. 1990, Fisher et al. 1991, Boetel and 

Fuller 1997, Toepfer and Kuhlmann 2006). However, the number of viable eggs laid by 

each female can reach more than one thousand in the lab if diet is supplemented (Hill 

1975). 

 WCR beetles can be very mobile, and are attracted by maize fields containing 

good sources of food like pollen, maize silks, and maize kernels (Ball 1957, Hill and 

Mayo 1980, Grant and Seevers 1989, Naranjo 1991, Darnell et al. 2000). WCR males 

emerge before females, and reach sexual maturity a few days after emergence (Guss 
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1976, Branson 1987, Kang and Krupke 2009a, 2009b, Marquardt and Krupke 2009). 

Conversely, adult females are receptive for mating as soon as they emerge (Ball 1957, 

Hammack 1995). Although males emerge first, there is an overlap in emergence time of 

most males and females (Quiring and Timmins 1990, Meinke et al. 2009). Most mating 

occurs in mid-late summer with a variable frequency between eight and 15 times for 

each male, whereas females rarely mate more than once in their lives (Branson et al. 

1977, Kang and Krupke 2009a, 2009b, Spencer et al. 2009). The adult preoviposition 

period is typically 10-14 days after mating when suitable food is available (Ball 1957, 

Elliott et al. 1990).  

 More than 80% of WCR eggs are laid within 20 cm soil depth next to a maize 

plant base (Ball 1957, Kirk 1979, Gray et al. 1992). After approximately one month, egg 

embryos enter diapause and, in temperate climates, hatch 4-5 months later in spring 

(Krysan 1982, Meinke et al. 2009). After egg hatch, neonate larvae move in the soil 

attracted to CO2 released by roots of maize plants growing in the field (Strnad et al. 

1986, Strnad and Bergman 1987, Bernklau and Bjostad 1998, Bernklau et al. 2004). 

Several compounds released by germinating maize have been associated with larval 

feeding acceptance and stimulation, especially a combination of sugars and lipids 

(Bernklau and Bjostad 2008). Larvae can feed on the root hair and outer cortical tissue 

of maize plants, as well as bore inside roots moving from root to root and plant to plant 

as the larvae grow larger (Chiang 1973, Strnad and Bergman 1987, Hibbard et al. 2003, 

Spencer et al. 2009).  

The WCR was first recognized as a maize pest in 1912 after root damage was 

reported in Colorado, US (Gillette 1912). Silk clipping by adult WCR may in some cases 
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interfere with pollination (Meinke 2014), but the most significant damage is caused by 

WCR larval feeding on maize roots (Levine and Oloumi-Sadeghi 1991). Larval injury 

has been associated with root pruning, plant lodging, disturbance of plant nutrient 

content and water relationships, plus reduction of leaf area, plant height and 

photosynthetic rate, and finally grain yield loss (Kahler et al. 1985, Riedell 1990, Spike 

and Tollefson 1991, Godfrey et al. 1993a, 1993b, Roth et al. 1995, Hou et al. 1997, 

Urías-López et al. 2000, Urías-López and Meinke 2001, Tinsley et al. 2013, 2015). This 

insect has become a major threat for US maize production costing up to 2 billion dollars 

a year in yield losses and control costs (Sappington et al. 2006, Tinsley et al. 2013, 

2015, Wechsler and Smith 2018).  

  

WCR control strategies 

Rotation of maize with a nonhost crop is the main recommendation available for 

WCR management. WCR oviposition occurs mainly in maize fields and larvae cannot 

survive on nonhost roots after egg hatch the following season (Rondon and Gray 2004). 

In 1995, crop rotation failed in nine counties in east central Illinois and 15 counties in 

northwestern Indiana causing severe root injury in first-year maize (Levine et al. 2002, 

Gray et al. 2009). After investigation, it was found that annual crop rotation in the US 

eastern Corn Belt had selected some local WCR populations for behavioral resistance. 

Studies suggested that WCR females leaving maize fields to oviposit in nonhost crops 

were provided a selective advantage in an annual maize-soybean (Glycine max (L.) 

Merr.) rotation system, which over time resulted in some economically damaging WCR 

larval infestation the following year in maize (Sammons et al. 1997, Rondon and Gray 
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2003, Schroeder et al. 2005, Pierce and Gray 2006, Spencer et al. 2009). WCR 

behavioral resistance did not widely spread, thus rotation of maize fields with nonhost 

crops is still a good management tactic in most of the US Corn Belt (Levine et al. 2002, 

Wilson et al. 2005, Gray et al. 2009, Meinke et al. 2009). 

 Biological control is still little explored and applied for WCR. Studies have shown 

a good control opportunity by using entomopathogenic bacterial and fungal products, 

like Bacillus thuringiensis Berliner, Metarhizium anisopliae (Metchnikoff) Sorokin, and 

Beauveria bassiana (Bals.-Criv.) Vuill. (Pilz et al. 2009, 2011, Rudeen et al. 2013, Balog 

et al. 2014, Oliveira-Hofman 2018). The use of predators and parasitoids have been 

also explored (Toepfer et al. 2008, 2009, Lundgren et al. 2009, Prischmann et al. 2011). 

The use of entomopathogenic nematodes like Heterorhabditis and Steinernema species 

have been the most promising WCR biological control so far (Ellsbury et al. 1996, Pilz et 

al. 2009, 2014, Hiltpold et al. 2010, 2012, Toepfer et al. 2010, 2014, Kahrer et al. 2014, 

Geisert et al. 2018). However, many of these techniques, performed either in the 

laboratory or in small plots, have not been cost effective when compared to insecticides 

or transgenic maize on a large commercial field scale. 

  Insecticides are commonly used for WCR control and can be deployed through 

seed treatments, soil applications, or foliar spraying. Although seed treatments can 

provide maize root protection and WCR control, they are usually effective only with low-

moderate insect pressure (Furlan et al. 2006, Obopile et al. 2013, Petzold-Maxwell et al. 

2013). The most commonly used insecticide seed treatments in the US are the 

neonicotinoids, i.e., thiamethoxam and clothianidin (Van Rozen and Ester 2010). 

Bifenthrin, tefluthrin (pyrethroids), carbofuran (carbamate), chlorpyrifos, chlorethoxyfos, 
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ethoprophos, phorate, terbufos (organophosphates), fipronil (fiprole), and a mix of 

tebupirimiphos (organophosphate) with cyfluthrin (pyrethroid) are examples of soil 

insecticides that have historically been applied in furrow or in narrow bands over the row 

at planting for WCR control in the US (Mayo and Peters 1978, Van Rozen and Ester 

2010). However, because of new pesticide legislation (i.e., 1996 Food Quality 

Protection Act) the US Environmental Protection Agency (EPA) has been restricting the 

use of many of the carbamate and organophosphate compounds (Zager et al. 2003).  

Whereas seed treatments and soil insecticides target WCR larvae to prevent 

maize root damage, foliar insecticides target the adults to prevent silk clipping and 

further oviposition (Tollefson 1991, Meinke 1995, 2014). At one time, many 

organophosphate and carbamate foliar insecticides were registered in the US for WCR 

adult control (Van Rozen and Ester 2010). However, after EPA enforcement of new 

pesticide legislation, key compounds were no longer allowed and options for foliar 

spraying were significantly reduced. Most foliar insecticides currently used for WCR 

adult control are pyrethroids and organophosphates applied either aerially or through 

irrigation systems (chemigation). The extensive use of this strategy is not recommended 

as it can place high selection pressure on local insect populations (Meinke 1995). In the 

last decades, the repeated use of foliar formulations has selected for WCR field-evolved 

resistance to carbamates, organophosphates and pyrethroids (Chio et al. 1978, Miota et 

al. 1998, Scharf et al. 1999, 2000, Zhu et al. 2001, Elzen and Hardee 2003, Parimi et al. 

2003, Stebbing 2003, Siegfried et al. 2004, Gray et al. 2009, Pereira et al. 2015). 

A more recent WCR management strategy has been the development and use of 

transgenic plants expressing Cry insecticidal proteins of soil bacterium Bacillus 



10 
 

 

thuringiensis Berliner (Bt) for larval control (Schnepf et al. 1985, Vaeck et al. 1987, 

Narva et al. 2013). So far, there are four genetically modified Bt traits commercialized 

for WCR control in the US: Cry3Bb1; Cry34Ab1/Cry35Ab1 double protein; mCry3A; and 

eCry3.1Ab pyramided with mCry3A (Wangila et al. 2015). Consecutive planting of Bt 

maize is commonly observed in parts of the US, which has resulted in multiple cases of 

WCR field-evolved resistance to this technology (Gassmann et al. 2011, 2014, 2016, 

Wangila et al. 2015, Reinders et al. 2018). 

Transgenic maize plants have also been engineered to express WCR  double-

stranded RNAs (dsRNAs) aiming to control the pest by RNA interference (RNAi) 

mechanisms (Baum et al. 2007, Rangasamy and Siegfried 2012, Chu et al. 2014, 

Fishilevich et al. 2016, Vélez and Fishilevich 2018).  The first commercial use of this 

technology was approved by the EPA in mid-2017 and is expected to be a valuable tool 

for WCR control (US-EPA 2017). However, for every new insect control technology 

there is a risk of insect resistance evolution. If resistance management practices are not 

proactively adopted for RNAi-based technologies, WCR populations might also be 

selected for dsRNA resistance in the future (Khajuria et al. 2018).  

 Overall, WCR control has always been accompanied by cases of technology 

overuse and resistance evolution. However, rotation of crops and control strategies are 

recommended to delay WCR resistance evolution (Wright et al. 1996, Tabashnik 2008, 

Huang et al. 2011, Gassmann 2012, Andow et al. 2015).  The adoption of IPM and IRM 

programs is key to prolong the efficacy of available WCR control technologies (Wright et 

al. 1996, Devos et al. 2012, Reinders et al. 2018).   
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WCR insecticide resistance history 

 The revolution of insecticide use occurred just after World War II with the 

development of DDT (dichloro-diphenyl-trichloroethane), cyclodienes and benzene 

hexachloride. The low cost, persistence, versatility and high efficacy made 

organochlorines popular for insect control in the 1950’s. In 1959, DDT usage alone 

reached a peak of 80 million pounds a year (US-EPA 1975). Broadcast (total area) 

application of organochlorine insecticides was commonly used for WCR control (Hill et 

al. 1948, Lilly 1956). However, cases of WCR resistance started to be reported for this 

insecticide class within a few years of use (Ball and Weekman 1963, Bigger 1963). At 

the same time, public concern regarding non-target toxicity and environmental 

contamination led the EPA to ban the use of organochlorine in the US during the late 

1970’s. Although organochlorines were banned in the US almost 50 years ago, recent 

monitoring studies confirm that some WCR populations still have high levels of 

resistance to these compounds (Parimi et al. 2006) 

 Carbamate and organophosphate insecticide technologies were also inherited 

from World War II research and became the major insecticide classes for WCR control 

after the organochlorine banishment (Ball 1969, Ball and Su 1979). Areas adopting 

infurrow soil applications of these insecticides in combination with crop rotation for WCR 

larval control were able to circumvent insecticide resistance for a number of years 

(Parimi et al. 2003). However, areas in the US western Corn Belt relying on consecutive 

planting of maize and multiple insecticide aerial applications observed a different 

outcome. In Nebraska, for example, broadcast aerial application of organophosphates 

and carbamates were repetitively used for more than 30 years to suppress WCR adult 
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populations (Meinke 1995). As a result of this intense adult selection pressure, multiple 

reports of WCR resistance to methyl-parathion and carbaryl began to occur (Meinke et 

al. 1998, Scharf et al. 1999, Wright et al. 2000, Zhu et al. 2001, Siegfried et al. 2004).  

Pyrethroids were the most effective insecticides available to replace some 

organophosphates and carbamates in the late 1990’s (Elliott et al. 1978, Bradbury and 

Coats 1989). This insecticide class became popular for WCR control in both soil and 

foliar formulations (Van Rozen and Ester 2010). Particularly in the US western Corn 

Belt, where crop rotation has been historically less frequent than eastern counterparts, 

broadcast aerial applications of pyrethroids have been the method to manage high 

population densities of maize pests (Chandler 2003, Archibald et al. 2018). Repeated 

use over time has led to field-evolved resistance of WCR to pyrethroids in populations 

from southwestern areas of both Nebraska and Kansas (Pereira et al. 2015, 2017). 

Most insecticides currently used in maize production belong to the pyrethroid class and 

resistance to these compounds significantly restricts WCR management options in the 

US western Corn Belt.  

 

Pyrethroids 

 The Dalmatian pyrethrum flower Tanacetum cinerariifolium (Trevir.) Sch. Bip. 

grown mainly in Kenya, Tanzania, Rwanda, and Ecuador, is the natural source of 

insecticidal compounds called pyrethrins (Casida 1980, Casida et al. 1983, Katsuda 

1999). The insecticidal properties of these plants were first recognized around 1800 by 

Caucasian tribes in Persia who originally used powders or dusts from the dried flowers 

(Casida 1980). However, through successive chemical modifications of pyrethrins, it 
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was possible to synthesize some analogues called pyrethroids, that are more potent 

and photostable for agricultural use (Elliott et al. 1973, 1978, Elliott 1980, Katsuda 

1999). Pyrethroids retain many favorable pyrethrin properties like relative low 

mammalian toxicity and lipophilicity that facilitates both insect cuticle penetration and 

retention on plant surfaces (Casida 1980).  

 Pyrethroids are neurotoxins generally classified in two groups based on the 

symptoms produced by acutely toxic doses in poisoned animals, and also by the 

presence or absence of an α-cyano group in the molecule. Type I compounds are 

characterized cause restlessness, incoordination, and prostration, whereas Type II, 

which contains an α-cyano group in the molecule, cause incoordination, convulsions, 

and intense hyperactivity (Gammon et al. 1981, Lawrence and Casida 1982). Some 

pyrethroids exhibit properties intermediate between the two groups (Gammon et al. 

1981, Lawrence and Casida 1983, Scott and Matsumura 1983, Soderlund et al. 2002).  

 The toxicity of pyrethroids depends mainly on the level of exposure and their 

ability to bind and disrupt voltage-gated sodium channels of animal nerves, although 

information has been published on secondary targets like voltage-gated calcium and 

chloride channels (Ray et al. 1996, Hildebrand et al. 2004, Symington and Clark 2005, 

Breckenridge et al. 2009, Soderlund 2011). Pyrethroids bind to sodium channels 

causing a delay in channel closing, and prolonged sodium inactivation (Yu 2014). Thus, 

repetitive discharges are generated across the nerve finally disrupting the normal flow of 

nerve impulses.  
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Insect resistance to pyrethroids 

Metabolic resistance 

Several processes can contribute to pyrethroid inefficiency, but the most 

important factor might be the ability of insects to detoxify them. It is well known that 

insects possess an elaborate system of enzymes involved in the metabolism and 

detoxification of toxic compounds (Yu 2014). Perhaps the most important detoxification 

systems are the cytochrome P450 microsomal monooxygenases. In fact, many cases of 

pyrethroid resistance are related to overexpression of P450 Cyp genes and consequent 

higher levels of detoxification (Lee and Scott 1989, Pittendrigh 1997, Kasai and Scott 

2000, Nikou et al. 2003, Zhu and Snodgrass 2003, Yang et al. 2006, Djouaka et al. 

2008, Bariami et al. 2012, Stevenson et al. 2012, Chigure et al. 2018). Other important 

enzymes for pyrethroid detoxification in insects are the glutathione S-transferases and 

esterases that facilitate insecticide excretion by transforming the insecticide parental 

compound into more water soluble metabolites (Yu 2014). High activities of these 

enzymes have been commonly found in pyrethroid resistant insects (Dowd et al. 1987, 

Sogorb and Vilanova 2002, Enayati et al. 2003, Fragoso et al. 2003, 2007, Young et al. 

2005, 2006, Lumjuan et al. 2011, Kamita et al. 2016). 

 Insecticides sharing similar molecule components can be detoxified by similar 

metabolic processes. For example, pyrethroid, carbamate, and organophosphate 

molecules contain ester bonds and can be metabolized by same hydrolytic enzyme 

groups, such as carboxylesterases and other esterases (Sogorb and Vilanova 2002, 

Montella et al. 2012). Furthermore, some enzymes such as P450s provide broad 

detoxification specificity and can metabolize a variety of insecticides (Scott 1999). 
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Therefore, it is common to find pyrethroid-resistant insects showing metabolic cross-

resistance to other compounds (Devonshire and Moores 1982, Harris et al. 1982, Miller 

1988, Bisset et al. 1997, Scharf et al. 1999, Rodríguez et al. 2002, Sogorb and Vilanova 

2002, Carvalho et al. 2013, Mutunga et al. 2015, Xi et al. 2015).  

 Treating insects with enzyme inhibitors prior to insecticide exposure is a common 

method to verify if pyrethroid resistance is due to metabolic enhancement. Under the 

presence of enzyme inhibitors (insecticide synergists), resistant insects with enhanced 

metabolism may respond as susceptible (Brindley and Selim 1984). Piperonyl butoxide 

(PBO) is a chemical compound commonly used to suppress cytochrome P450 

monooxygenases, and tribufos (DEF) inhibits hydrolytic enzymes like esterases 

(Enayati et al. 2003, Yang et al. 2004, Young et al. 2005, 2006). Strong synergism of 

pyrethroids by these enzyme inhibitors suggested that enhanced metabolism could be 

involved in the mechanism of WCR pyrethroid resistance (Pereira et al. 2017). WCR 

populations developed resistance to carbamates and organophosphates in the past by 

metabolic mechanisms (Miota et al. 1998, Scharf et al. 1999, Wright et al. 2000, Parimi 

et al. 2003, Coates et al. 2016). 

Microplate kinetic bioassays are also used for in vitro quantification of insect 

enzyme activity and can be a useful method to identify insecticide-resistant  and -

susceptible individuals (Cleland 1967, Stitt and Gibon 2014). In these bioassays, 

chemical substrates with targeted specificity are mixed with insect tissue homogenates 

and the correspondent enzyme activity is measured by spectrophotometry or fluorimetry 

(Rose et al. 1995, Zhao et al. 1996, Scharf et al. 2000, Wright et al. 2000, Yang et al. 

2004). Application of antibody techniques (e.g. ELISA) and more complex enzyme 
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kinetic analyses providing functional information about proteins (e.g. kcat, Km and Vmax 

values) can be further used to determine if differences in enzyme activity are due to 

properties of the enzyme itself or due to differing amounts of enzyme produced by 

insect populations (Schilder et al. 2011, Stitt and Gibon 2014). 

 Gene duplications and point mutations are the main sources of variation subject 

to selection in insect populations (Ranson et al. 2002). Multiple gene copies, up-

regulation of gene expression and mutations in coding regions result in overexpression 

of detoxification enzymes and/or more efficient detoxification processes (Hemingway et 

al. 1998). New enzymatic functions achieved by just one or few amino acid substitutions 

in protein structure were reported to confer insecticide resistance (Newcomb et al. 1997, 

Oakeshott et al. 1999, 2005, Amichot et al. 2004). Duplication and altered expression of 

genes belonging to the three main families of detoxification enzymes (esterases, 

glutathione S-transferases and cytochrome P450 monooxygenases) have been also 

implicated in insect resistance to insecticides (Bass and Field 2011, Jugulam and Gill 

2018).  

Biochemical and toxicological results are often complemented and confirmed with 

molecular investigations. Molecular biological techniques such as polymerase chain 

reaction (PCR), DNA Sanger sequencing and more recently high-throughput RNA-

sequencing can provide useful information regarding differential expression of 

metabolism-related genes as well as identity of genetic mutations in resistant insects 

(ffrench-Constant et al. 2004, ffrench-Constant 2013, Stitt and Gibon 2014, Coates et al. 

2016). However, not all cases of insecticide resistance are related to enhanced 

metabolism. Resistance can occur also by modifications in the insecticide target site 
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preventing effective binding of the insecticide. For example, as discussed below, 

mutations in the insect voltage-gated sodium channels are known to reduce sensitivity 

of the nervous system to pyrethroid insecticides, leading to what is called knockdown 

resistance (kdr) (Soderlund and Knipple 2003). 

 

Kdr resistance 

Kdr insect resistance is not a metabolic resistance which means it is not affected 

by the use of enzyme inhibitors like PBO and DEF. Instead, it is caused by a reduction 

in the sensitivity of the insect nervous system through mutations in the voltage-gated 

sodium channels. Insect voltage-gated sodium channels are only found in neurons, and 

consist of large pseudotetramer protein α-subunits (~260kDa) that contain four internally 

homologous domains (I-IV) (Yu 2014). Each domain has six hydrophobic helical 

transmembrane segments (S1-S6) that contribute to the formation of the ion pore 

(Soderlund and Knipple 2003). Each S4 segment contains repeated motifs of amino 

acids that serve as a voltage sensor of the sodium channel; it moves outward in 

response to membrane depolarization leading to pore opening and consequent 

activation of sodium channels (Dong et al. 2014). Fast-inactivation by pore occlusion is 

accomplished by the movement of an inactivation gate made of three hydrophobic 

amino acids – methionine, phenylalanine and methionine (MFM) - connecting domains 

III and IV of insect sodium channels (McPhee et al. 1995, Dong et al. 2014). 

In 1989, it was discovered that a single gene is responsible for encoding sodium 

channels in the fruit-fly Drosophila melanogaster Meigen, called para gene and later 

DmNav gene (Loughney et al. 1989, Hong and Ganetzky 1994, Dong et al. 2014). 
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Analysis of para locus cDNAs revealed a minimum of 24 exons within 60 kb of genomic 

DNA (Loughney et al. 1989). The sequencing of the fruit fly para gene also led to the 

isolation of orthologous genes in other insect species (Doyle and Knipple 1991, Knipple 

et al. 1991). Gene sequencing allowed tests of the hypothesis that pyrethroid resistance 

is linked to sodium channel gene mutations. In fact, more than 50 sodium channel 

mutation combinations have been associated with knockdown resistance to pyrethroids 

in various arthropod pests (Dong et al. 2014). These mutations are identified usually by 

comparisons of nucleotide sequences between resistant and susceptible insects. A 

single amino acid substitution can be associated with pyrethroid resistance (Dong 1997, 

Vais et al. 2000).  

New resistance-associated gene mutations are rare and the frequency in which 

they arise is dictated by a combination of deleterious effects of encoded protein and the 

mutation rate (Drake et al. 1998, Fu and Huai 2003, ffrench-Constant 2013). Mutations 

are usually derived from premutagenic damage of DNA, misreplication, and 

recombination (Maki 2002, Ohnishi et al. 2009). Changes in DNA are the ultimate 

source of all genetic variation in the form of deletions, insertions, duplications, and 

translocations of DNA sequences (Lewin 2004, Hamilton 2009). The same mutation 

could have multiple origins within and between insect species given the large effective 

population sizes of insects (Thompson et al. 1993, Andreev et al. 1999, Pinto et al. 

2007, ffrench-Constant 2013). Also, the frequency of a given mutation may vary 

between populations (Song et al. 2007, Zhu et al. 2010, Alvarez et al. 2015). 

Many studies employing site-directed mutagenesis and expression in big 

unfertilized oocytes of the frog Xenopus laevis Daudin have led to the identification of 
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many sodium channel point mutations or combinations of mutations that modify the 

sensitivity of insect sodium channels to pyrethroids (Dong et al. 2014). Nucleotide 

substitutions that occur within coding genes may or may not alter the protein function 

(Hamilton 2009). However, kdr resistance is frequently caused by nonsynonymous or 

missense mutations in the voltage-gated sodium channel gene that does change the 

resulting amino acid sequence reducing pyrethroid binding at the target site (Alvarez et 

al. 2015).  

The majority of insect kdr point mutations are associated with sodium channel 

intracellular linkers between transmembrane segments S4 and S5, or S5 and S6 

(Soderlund 2011). The most common amino acid substitutions occur at sites V410 in 

IS6, M918 in the linker connecting S4 and S5 in domain II, T929 in IIS5, F1534C in 

IIIS6, and L1014, I1011, V1016 in IIS6 (Dong et al. 2014). In the Colorado potato beetle 

Leptinotarsa decemlineata (Say), a chrysomelid like WCR, mutations in both sites 

L1014 and T929 were identified as the major mechanism of pyrethroid resistance 

(Rinkevich et al. 2012). However, different substitutions could confer different levels of 

resistance. For example, L1014F, L1014H and L1014S mutations provide variable 

levels of protection to Type I or Type II pyrethroids, whereas F1534C confers sodium 

channel resistance to Type I, but not Type II pyrethroids (Burton et al. 2011, Hu et al. 

2011). Also, when the rate of sodium channel inactivation is beyond that of kdr, it is 

common to call it a super-kdr mutation (Zimmer et al. 2014). 

Another important factor to consider about pyrethroid kdr resistance is that it can 

originate from or lead to resistance to other insecticides, which is called kdr cross-

resistance. Organochlorines like DDT and oxadiazines like indoxacarb also target the 
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insect voltage-gated sodium channels (Yu 2014). In fact, there are many cases of kdr 

cross resistance among insect pests (Williamson et al. 1993, Chandre et al. 1998, 

Schuler et al. 1998, Brengues et al. 2003, Enayati et al. 2003, Rodríguez et al. 2005). 

Furthermore, some studies suggest that there might be different levels of kdr cross-

resistance in insects. For example, it seems that the mutation M918T provides 

extremely high levels of resistance against permethrin and deltamethrin but does not 

provide resistance to DDT (Vais et al. 2000, Usherwood et al. 2005). Also, DDT-induced 

kdr resistance appears to have cross-resistance only to Type I pyrethroids (Scott and 

Matsumura 1983). Cross-resistance between pyrethroids and DDT suggested that kdr 

mutations could be involved in the mechanism of WCR pyrethroid resistance (Pereira et 

al. 2017). 

Insects can produce functional diversity of sodium channels from a single gene 

by two post-transcriptional mechanisms that could also affect pyrethroid sensitivity: 

alternative splicing and RNA editing. Alternative splicing of mRNA precursors is a 

crucial mechanism for gene regulation and contributes to genomic diversity and tissue 

specificity of many organisms (Chen and Manley 2009). Through this mechanism, a 

single gene can be translated into multiple distinct proteins with diverse functions in the 

organism. After production of the primary transcript, the introns are usually trimmed out 

while exons are linked together to form a final version of the transcript, known as mature 

messenger RNA (mRNA) (Smith and Valcárcel 2000, Park et al. 2004). However, the 

cell splicing regulatory proteins can produce a different mature RNA sequence by 

trimming out an exon, leaving in an intron, or combinations of both in the final mRNA 

transcript (Graveley 2001, Modrek and Lee 2002). RNA editing results in conversion, 
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insertion, and deletion of one nucleotide to another leading to amino acid substitutions, 

splice site variations or alteration in the level of transcripts (Nishikura 2010). 

The para gene transcript appears to go through alternative splicing to produce 

several distinct subtypes of insect sodium channels by removing or including some 

exons (Loughney et al. 1989, Thackeray and Ganetzky 1995, Park et al. 1999, Tan et 

al. 2002, Sonoda et al. 2006, Chang et al. 2009). Also, extensive RNA editing is found 

in the insect sodium channel transcript, which is an important mechanism that 

generates tissue-/cell type-specific variants (Song et al. 2004, Olson et al. 2008). Five 

sites of alternative splicing in the sodium channel para locus could generate at least 48 

different splice variants by differential exon usage in Drosophila  (Thackeray and 

Ganetzky 1994). Also, the range of splice types differed between insect stages, which 

suggests that this mechanism could be developmentally regulated (Thackeray and 

Ganetzky 1994, Lee et al. 2002). Splicing may also influence sodium channel kinetics 

not only through changes in the protein structure, but also by allowing other 

modifications like phosphorylation, binding of cofactors, etc. (Lin et al. 2009). Although 

there is a strong conservation of alternative exon location and structure between 

species, some marked interspecific differences appear to occur as well (Lee et al. 

2002).  

 

Justification and research objectives 

 It has become increasingly apparent that single tactic approaches to managing 

insect populations are unlikely to be sustainable and that integration of crop rotation, 

biotechnological approaches such as the use of Bt maize and traditional insecticides are 
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necessary to increase durability of WCR management strategies. However, the 

increased usage of pyrethroid insecticides and the potential for resistance evolution 

threaten the future use of this important insecticide class and the potential to integrate 

these compounds with other approaches for WCR management. The confirmation of 

WCR pyrethroid resistance in the US western Corn Belt may significantly impact pest 

management strategies in affected areas. Lab bioassays with pyrethroid active 

ingredients estimated that pyrethroid resistance levels in question were relatively low 

and that multiple mechanisms of resistance could be involved.  However, the impact of 

the low resistance levels on practical control with formulated products was unclear and 

the molecular basis for the resistance trait was unknown. Characterizing the resistance 

mechanisms involved would provide critical information to refine predictive models for 

estimating WCR resistance evolution and to recommend effective resistance 

management strategies. Therefore, the research described in this doctoral dissertation 

aimed to characterize WCR pyrethroid resistance. The three specific objectives and 

correspondent hypotheses are as follows: 

1) Characterize pyrethroid efficacy in the field as a western corn rootworm control 

agent. Hypothesis: Resistance levels reported for WCR populations in laboratory 

bioassays are affecting the field efficacy of formulated pyrethroids in both adult 

and larval stages (Chapter 2 and Chapter 3); 

2) Select a pyrethroid-resistant WCR population for use in objectives 1 and 3 plus 

use it to obtain a preliminary estimate of the heritability of the resistance trait. 

Hypothesis: WCR pyrethroid-resistance is a genetic characteristic substantially 

inheritable (Chapter 4); and 
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3) Identify resistance mechanisms. Hypothesis: Multiple mechanisms are involved 

in WCR pyrethroid resistance (Chapter 4 and Chapter 5). 
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CHAPTER 2. WESTERN CORN ROOTWORM PYRETHROID RESISTANCE 

CONFIRMED BY AERIAL APPLICATION SIMULATIONS OF COMMERCIAL 

INSECTICIDES 

 

Introduction 

The western corn rootworm (WCR) Diabrotica virgifera virgifera LeConte 

(Coleoptera: Chrysomelidae) is a major pest of corn Zea mays L. in the United States 

(US) and has adapted over time to many management tactics (Gray et al. 2009, Miller 

et al. 2009). Broadcast application of organochlorine soil insecticides starting in the late 

1940’s became rapidly ineffective with control issues apparent by late 1950’s (Ball and 

Weekman 1962). Aerial applications of carbamates and organophosphates selected 

adult WCR for significant levels of resistance in the 1990’s (Meinke et al. 1998, Scharf 

et al. 1999, Wright et al. 2000). Resistance to transgenic corn producing rootworm-

specific Cry toxins from the soil bacterium Bacillus thuringiensis (Bt) was initially 

reported for Cry3Bb1 in 2009, mCry3a in 2011, and Cry34/35Ab1 in 2016 (Gassmann et 

al. 2011, 2014, 2016, Wangila et al. 2015). Furthermore, the cultural practice of corn 

rotation with a nonhost crop was circumvented in areas of the US eastern Corn Belt by 

WCR oviposition in nonhost crops indicating the evolution of behavioral resistance 

(Levine et al. 2002, Gray et al. 2009, Meinke et al. 2009). These events collectively 

have made WCR management exceedingly difficult. 

Although crop rotation is the most recommended tactic to manage the WCR, 

continuous corn (consecutive planting of corn for ≥ two years) is a common agronomic 

practice in the US western Corn Belt because under irrigation, continuous corn 
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production is often the most profitable, and corn demand is high for confined livestock 

and ethanol production (Meinke et al. 2009, Wangila et al. 2015). However, this 

intensive system of continuous corn production facilitates build-up of WCR densities 

over time making WCR management an annual challenge (Meinke et al. 2009, Pereira 

et al. 2015, 2017). Consequently, aerial applications of pyrethroid and organophosphate 

insecticides are often used to reduce WCR densities and complement other 

management tactics (Levine and Oloumi-Sadeghi 1991, Pereira et al. 2015, 2017). In 

this system, other corn pests like western bean cutworm Striacosta albicosta (Smith) 

and two-spotted spider-mite Tetranychus urticae Koch are also managed with the same 

insecticide classes used to manage rootworms, so WCR adults can be exposed to 

aerial applications as nontarget insects as well (Bynum et al. 1990, Michel et al. 2010, 

Archibald et al. 2018). These practices have placed annual selection pressure on WCR 

populations which has led to field-evolved resistance to pyrethroids in southwestern 

areas of Nebraska and Kansas (Pereira et al. 2015).  

Laboratory bioassays conducted with WCR populations collected across the US 

Corn Belt have shown that populations from west of the Missouri River were 

consistently more tolerant to the active ingredient bifenthrin than eastern populations 

(Pereira et al. 2015). Furthermore, cross-resistance and synergism studies performed 

with field collected bifenthrin-resistant populations suggested that multiple mechanisms 

of resistance could be involved such as target-site insensitivity and higher activity of 

detoxification enzymes (Pereira et al. 2017). Although the levels of bifenthrin resistance 

found were relatively low, resistance levels were highest in the adult stage (Pereira et 

al. 2015, 2017). Despite having laboratory bioassay data documenting resistance, the 
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efficacy of formulated bifenthrin commonly used in aerial applications to control WCR 

adults had not been formally evaluated. 

Field efficacy of foliar insecticides depends on a combination of several factors such 

as target susceptibility, exposure, and application technique efficiency. For example, 

aerial application of insecticides can provide uneven coverage in the corn canopy 

resulting in insect sublethal exposure and reduced control (Bynum et al. 1991). Some 

parameters such as spray carrier volumes, droplet size distribution, crop canopy, and 

environmental conditions often influence the coverage and uniformity of insecticide 

deposition which can confound field trial results (Fritz 2006, Fritz et al. 2009, Martin et 

al. 2010, Garcerá et al. 2014, Creech et al. 2015). Carrying out consistent field trials to 

evaluate the efficacy of insecticide aerial applications on adult rootworms is even more 

challenging considering the potential interaction of population density and pest 

movement that may occur in the field (Grant and Seevers 1989, Naranjo 1991, Isard et 

al. 2000, Meinke et al. 2009). Thus, methods that minimize factors influencing aerial 

application performance are necessary to evaluate the impact of WCR pyrethroid 

resistance on the efficacy of recommended foliar insecticides. 

Pyrethroid and organophosphate classes contain many of the insecticides 

recommended for WCR control. However, enhanced metabolism can confer cross-

resistance to structurally related insecticides, which has been observed between 

pyrethroids and organophosphates for different insect species (Devonshire and Moores 

1982, Elzen et al. 1992, Cahill et al. 1995, Bisset et al. 1997, Sayyed et al. 2010, 

Couso-Ferrer et al. 2011). Thus, the likely involvement of detoxification enzymes in the 

mechanism of WCR bifenthrin-resistance could impact organophosphate efficacy, which 
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needs further investigation (Pereira et al. 2017). The past use of organophosphates 

(e.g. dimethoate) may also contribute to selection of WCR adults with increased 

detoxification enzyme activity. Resistance to both insecticide classes would greatly 

reduce alternative insecticide options and impact the integration of these compounds 

with other management tactics.  Indoxacarb represents an insecticide class i.e., the 

oxadiazines, with unique mode of action that was recently registered by the US 

Environmental Protection Agency (EPA) for use to control WCR adults in field corn 

(McCann et al. 2001, US-EPA 2018). This product was reported to reduce adult WCR 

populations in the field and may provide a tool to help manage WCR pyrethroid 

resistance (DeVries and Wright 2016). However, the susceptibility of pyrethroid-

resistant WCR to the indoxacarb active ingredient needs to be evaluated. 

Therefore, as part of a larger project to characterize WCR pyrethroid resistance 

(Pereira et al. 2015, 2017) and to optimize WCR resistance management and integrated 

pest management (IPM) programs, the objectives of this study were: (1) to develop a 

method of simulated aerial application that uniformly reproduces insecticide field 

deposition; (2) use the simulated aerial application method to assess the performance 

of bifenthrin and dimethoate commercial formulations against pyrethroid-resistant WCR 

populations; and (3) to conduct dose-response lab bioassays to estimate and compare 

the susceptibility of pyrethroid-resistant WCR populations to bifenthrin, dimethoate and 

indoxacarb active ingredients. 
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Methods 

Western corn rootworm populations 

 Six WCR adult populations were tested during this study. Two non-diapausing 

populations purchased in 2016 and 2017 from Crop Characteristics, Inc., Farmington, 

MN (S-Lab1) and French Agricultural Research, Lamberton, MN (S-Lab2), and one field 

population collected from Saunders County, NE (S-Field) in 2016 were used as 

pyrethroid-susceptible controls given their high susceptibility to bifenthrin measured in 

prior bioassays (Pereira et al. 2015). The Saunders Co. field was located at the 

University of Nebraska Eastern Nebraska Research and Extension Center, which is 

surrounded by a large area of continuous corn that had not received insecticide aerial 

applications for over ten years. Bifenthrin had only been used in that area for soil 

applications in a few small-plot trials. In 2016, two field populations (R-Field1 and R-

Field2) previously confirmed to have field-evolved resistance to bifenthrin (Pereira et al. 

2015) were collected from commercial fields 18 Km apart in Keith County, NE. Each 

field was in continuous corn production plus annual soil- and aerial bifenthrin 

applications had been made for at least five consecutive years prior to this study. A third 

bifenthrin-resistant population tested in 2017 bioassays (R-Lab) was collected from 

Perkins County, NE in 2014 and then reared in a non-diapause background for nine 

generations under adult selection with a pre-established bifenthrin diagnostic 

concentration (LC99) (Pereira et al. 2015). Populations were maintained in the 

Department of Entomology, University of Nebraska-Lincoln, Lincoln, NE using standard 

lab rearing procedures and temperature profiles to facilitate egg diapause development 

and termination (Wangila et al. 2015).  
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Aerial application simulation 

Cornfield spray deposition 

A series of aerial spray applications were performed in a late season cornfield 

(R5) located just south of Snook, TX (30°28'37.1"N, 96°27'58.7"W) in order to document 

deposition characteristics that would be expected under typical aerial application 

conditions. Applications were made using an airplane (AirTractor 402B, Olney, TX) 

equipped with 40º 10-orifice flat fan nozzles at spray application rates of 18.7 and 46.8 

L/ha (Fritz and Hoffmann 2015). The spray solution consisted of water and a 90% non-

ionic surfactant (R-11, Wilbur-Ellis Company LLC, Tukwila, WA) at 0.25% v/v. At the 

18.7 L/ha application rate, a total of 36 nozzles were used, where nozzles were 

deflected 15 degrees downward and operated at 317 kPa at an airspeed of 225 Km/h. 

At the 46.8 L/ha rate, a total of 68 nozzles were used with nozzles deflected at 30 

degrees and operated at 413 kPa and at an airspeed of 209 Km/h. 

During the applications wind speeds were steady at 4 m/s with a temperature of 

30 ºC and relative humidity of 75%. Water sensitive papers (WSP) (Syngenta Crop 

Protection AG, Basel, Switzerland) were placed in the field canopy at three locations 

denoted as Top, Middle, and Bottom. The Top position was located near the uppermost 

fully extended leaf with the Bottom near the lowermost extended leaf and the Middle 

located midway between Top and Bottom positions. WSPs were attached to plants 

spaced 2 m apart covering a full 20 m application swath using binder clips such that the 

surface was horizontal to the ground. Applications were performed in two sampling lines 

(blocks), each with ten WSP (replicates) for each canopy and application rate treatment 

combination.    
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After each spray pass replication, WSPs were collected and stored in labeled film 

negative sleeves. WSPs were digitally scanned at 600 dpi (EPSON Perfection V600) 

and analyzed for droplet size characteristics using Dropletscan (WRK of Arkansas, 

LLC., Lonoke, AR), an image processing software package designed for WSP analysis 

(Wolf 2003, Cunha et al. 2012). Spray deposition rate (L/ha) and droplet size diameters 

at which 10, 50, and 90% of the total spray volume is contained in droplets of the 

specified size or less (DV0.1, DV0.5, and DV0.9, respectively) were measured and 

reported (Hoffmann and Hewitt 2004).  

 

Wind tunnel and spray-chamber calibration 

In 2016, a low-speed wind tunnel at the Pesticide Application Technology 

Laboratory (PAT-Lab, University of Nebraska–Lincoln, West Central Research and 

Extension Center, North Platte, NE) was used to identify ground application nozzles and 

operating pressures that could effectively simulate the spray deposition collected from 

the cornfield aerial application. This system has been used for droplet sizing of different 

nozzle designs, tank solutions and pesticide application scenarios (Creech et al. 2015, 

Vieira et al. 2018, Butts et al. 2019). Droplet size distribution data collected at Middle 

corn canopy position were targeted since this would include the major feeding and 

activity zone for WCR adults in the field (Spencer et al. 2009). Tap water solutions of 

Brigade 2EC (bifenthrin 25.1%, FMC Corporation, Philadelphia, PA) were prepared 

using the highest label rate recommended for rootworm control (112.1 g ai/ha) at the 

lowest and highest recommended carrier volume rates (18.7 and 46.8 L/ha 

respectively). The application of the insecticide solutions was then performed in the 



48 
 

 

wind tunnel with a TT110015 ground spray nozzle (TeeJet Technologies, Spraying 

Systems Co., Wheaton, IL) at different spray pressures until targeted droplet size 

parameters were achieved. Droplet size distribution data were evaluated by a Sympatec 

Helos/Vario KR laser diffraction system (Sympatec Inc., Clausthal, Germany) placed at 

0.3 m from the nozzle tip to ensure full spray atomization prior to measurement. The 

system was equipped with an R7 lens that detects droplets in a range from 9 to 3700 

μm. Nozzles were attached to an actuator and traversed vertically at a constant speed 

(0.2 m/s) to ensure that the entire spray plume crossed the laser diffraction system. 

Volumetric droplet size distribution parameters DV0.1, DV0.5, and DV0.9 were reported. 

The wind tunnel insecticide applications and respective droplet size distribution 

measurements were carried out with three replications under controlled conditions of 

20 ± 1 °C and 60-70% relative air humidity. Once the best spray pressure for the 

TT110015 ground spray nozzle was found, the timed output volume per nozzle was 

measured three times with a graduated glass cylinder (Fisherbrand™, Thermo Fisher 

Scientific Inc., Waltham, MA, Cat. No. S63461). A customized multi-nozzle research 

track spray chamber (DeVries, Hollandale, MN)  (Rodrigues et al. 2018) was then 

calibrated to simulate aerial applications of commercial insecticides recommended for 

adult WCR control. Two TT110015 nozzles spaced 0.76 m apart and 0.56 m above the 

target were used and the travel speed calculated according to the formula (Matthews et 

al. 2014, TeeJet 2014): 

 

𝑂𝑢𝑡𝑝𝑢𝑡 𝑝𝑒𝑟 𝑛𝑜𝑧𝑧𝑙𝑒 (𝐿/𝑚𝑖𝑛) =  
𝑉𝑜𝑙𝑢𝑚𝑒 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 (𝐿/ℎ𝑎) x 𝑠𝑝𝑒𝑒𝑑 (𝑘𝑚/ℎ) x 𝑛𝑜𝑧𝑧𝑙𝑒 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 (𝑚) 

600 (𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 𝑢𝑛𝑖𝑡 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛)
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Efficacy of commercial insecticides 

  The aerial application simulation previously described was used to evaluate the 

performance of two commercial insecticides recommended for adult WCR control. 

Replicated experiments were repeated twice within a two-year period (2016 / 2017) in 

the research track spray chamber available in the PAT-Lab, North Platte, NE. The 

pyrethroid Brigade 2EC (bifenthrin 25.1%, FMC Corporation, Philadelphia, PA) was 

tested at the lowest and highest label rates recommended for rootworm control, 36.8 

and 112.1 g a.i./ha respectively. The organophosphate Dimethoate 4EC (dimethoate 

43.5%, Drexel Chemical Company, Memphis, TN) was tested at the lowest label rate of 

369.9 g a.i./ha, which has been the common recommendation to provide WCR adult 

control in the US western Corn Belt. Insecticide solutions were prepared in tap water at 

the lowest and highest carrier volumes recommended for aerial application rates (18.7 

and 46.8 L/ha, respectively).  

The aerial spray coverage obtained in the cornfield at the Middle position was 

reproduced on 100 mm-diameter x 15 mm-height Petri dishes (Thermo Fisher Scientific 

Inc., Waltham, MA, Cat. No. FB0875713) that were pre-labeled and evenly distributed in 

the spray chamber to receive the insecticide applied to internal surfaces of dish bottoms 

and lids. Treatments were combinations of insecticide rate, carrier volume rate and 

WCR population. A total of four Petri dishes were used as replicates for each treatment, 

which were sprayed separately during four different rounds. Treated dishes were left 

opened for 30 min to ensure complete drying, then closed and transferred to cardboard 

boxes where they were kept in darkness at 23 ± 1 °C for a maximum of 16 h until use for 

WCR bioassays.   
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The WCR bioassays were conducted at the University of Nebraska-Lincoln, Lincoln, 

NE. In 2016, field-collected beetles were provisioned with ears of sweet corn for one 

week prior to testing whereas in 2017, the F1 generations of 2016 field-collected beetles 

already under lab rearing procedure were used. In both years, each Petri dish was 

infested with a group of 20 mixed-age beetles of even sex ratio. Active beetles were 

collected from rearing cages with a mouth aspirator and each group placed individually 

in 15 ml centrifuge tubes (VWR®, Radnor, PA - Cat. No. 76176-950). Beetles were 

anesthetized (1.5 minute inside a -20°C freezer) and transferred to treated dishes. Four 

untreated dishes were used as controls for each WCR population tested and infested 

dishes were maintained under laboratory conditions of 23 ± 1 °C and 13 ± 1h 

photophase. Mortality of beetles at each treatment combination was recorded after 24 h. 

Insects that did not respond to prodding or were unable to walk consistently when 

placed ventral side down were considered dead. 

 

Susceptibility of adult WCR populations to insecticide active ingredients 

Chemicals 

 Analytical standards of bifenthrin, dimethoate and indoxacarb were used. 

Bifenthrin 98% was obtained from Chem Service Inc., West Chester, PA (Cat. No. N-

11203-100MG/CAS: 82657-04-3). Dimethoate 99.5% and indoxacarb ≥95.0% were 

purchased from Sigma-Aldrich Corp., St. Louis, MO (Cat. No. 45449-100MG/CAS: 60-

51-5 and 33969-25MG-R/CAS: 144171-61-9, respectively). The insecticides were 

dissolved and diluted in acetone ≥99.9% supplied by Sigma-Aldrich Corp (Cat. No. 

650501/CAS: 67-64-1). 
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Bioassays 

The susceptibility of adult WCR to insecticide active ingredients was estimated in 

2017 when the F1 generation of beetles that were field-collected in 2016 started to 

emerge. The vial bioassay method previously adapted for WCR (Scharf et al. 1999, 

Pereira et al. 2015) was used.  The evaluation time and procedure were modified for 

this study as described below. Wheaton™ Glass 20 ml scintillation vials (Thermo Fisher 

Scientific Inc., Waltham, MA, Cat. No. 03-340-25N) were treated with 500 μl each of 

increasing concentrations of bifenthrin, dimethoate and indoxacarb diluted in acetone. 

For control, vials were treated with acetone only. The number of insecticide 

concentrations used to test each population varied from 5 to 7 depending on the 

number of insects available at the time. Insecticide concentrations were replicated three 

times for each WCR population tested. Vials were homogeneously coated internally and 

allowed to dry under a fume hood by rolling for 30 minutes at room temperature on a 

commercial roller machine (Nemco 8045SXW Hot Dog Roller Grill, Nemco Food 

Equipment Inc., Hicksville, OH). Each treated vial was infested with a group of ten 48h-

old adults of even sex ratio. Vial caps were loosely closed to allow air exchange inside 

the vials while preventing beetle escape. After 24h, one kernel of sweet corn was added 

to each vial to allow beetle feeding and at 48h after infestation the mortality of beetles 

was recorded. Insects that did not respond to prodding or were unable to walk 

consistently when placed ventral side down were considered dead. All treatments were 

maintained at 23 ± 1 °C and 13 ± 1h photophase. 
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Statistical analysis 

Corn canopy spray deposition rate and droplet size parameters reported from WSPs 

were subjected to analysis of variance in SAS 9.4 software (SAS Institute, Cary, NC) at 

significance level =0.05. The treatment design was a factorial arrangement with spray 

application rates (18.7 and 46.8 L/ha) and corn canopy position (Bottom, Middle, and 

Top) as factors in a randomized complete block experimental design (RCBD) where 

application lines were considered blocks.  

To analyze the performance of commercial insecticides on adult rootworm 

populations under simulated aerial application conditions, insect mortality data collected 

from each treatment combination was corrected by Abbott's formula for mean mortality 

in the respective untreated controls (Abbott 1925). The corrected proportion mortality 

that has a continuous distribution within the restricted interval of [0,1] was analyzed with 

a Beta-binomial distribution using a logit link function with a generalized mixed model in 

SAS 9.4 software (Ferrari and Cribari-Neto 2004, Stroup 2015). A completely 

randomized experimental design and factorial treatment design were used. Multiple 

comparison of treatment means was performed using Fisher’s least significant 

difference procedure at significance level =0.05.  

The susceptibility of adult WCR populations to insecticide active ingredients was 

evaluated by analyzing the relationship between insecticide concentrations tested and 

mortality responses obtained. Data were corrected by Abbot’s formula for natural control 

mortality and analyzed with a probit link function with Normal distribution in POLOPlus-

PC software (LeOra Software LLC) (Finney 1971, Russell and Robertson 1979, LeOra 

1987). The probit procedure also estimated a Pearson goodness-of-fit chi-square value 



53 
 

 

(2) testing the null hypothesis that the expected regression model adequately fits the 

data. Resistance ratios (RR50) with correspondent 95% confidence intervals (95%CI) 

were calculated by dividing the estimated LC50s of resistant populations by the 

estimated LC50 of each susceptible population of reference (Robertson et al. 2007). 

 

Results 

Aerial application simulation 

Cornfield spray deposition 

The spray deposition rates and droplet size characteristics obtained by aerial 

applications across corn canopies were considerably variable (Fig. 1). The WSP results 

indicated that the interaction between corn canopy position and application rate did not 

influence spray deposition rate (𝐹2,113=0.11; 𝑝 = 0.8999). Therefore, the interaction term 

was removed from the model.  Application rate influenced spray deposition rate 

(𝐹1,115=5.72; 𝑝 = 0.0184), whereas corn canopy position did not (𝐹2,115=1.42; 𝑝 = 

0.2450). The average deposition rate across the three corn canopy positions (Bottom, 

Middle, and Top) was within a 2.9 - 15.7 L/ha 95%CI for the aerial application performed 

at 18.7 L/ha, whereas the one performed at 46.8 L/ha resulted in average deposition 

values within a 7.3 - 20.1 L/ha 95%CI. The average deposition rates at Middle canopy 

position (used later for the spray-chamber calibration) were 10.9 and 16.5 L/ha for the 

lowest and highest aerial application rates evaluated, respectively. 

The droplet size distribution reported in the WSP analysis indicated that the DV0.5 

was not influenced by the interaction between corn canopy and application rate 

(𝐹2,113=0.37; 𝑝=0.6947), therefore the interaction term was removed from the model. 
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Corn canopy alone influenced the DV0.5 of the spray deposition (𝐹2,115=3.62; 𝑝=0.0298), 

whereas application rate did not (𝐹1,115=0.55; 𝑝=0.4602). Estimated 95%CI for droplets 

deposited on the Top canopy position had greater DV0.5 (334 - 382 μm) when compared 

to Middle (299 - 346 μm) and Bottom (291 - 339 μm) canopy positions. The interaction 

between corn canopy position and application rate did not influence the DV0.1 

(𝐹2,113=0.32; 𝑝=0.7279) or the DV0.9 (𝐹2,113=0.31; 𝑝=0.7356) of the spray deposition. 

Furthermore, both DV0.1 and DV0.9 were not affected by either application rate 

(𝐹1,115=0.16; 𝑝=0.6864 and 𝐹1,115=0.01; 𝑝=0.9400, respectively) or corn canopy position 

(𝐹2,115=2.73; 𝑝=0.0696 and 𝐹2,115=1.34; 𝑝=0.2659, respectively). 

 

Wind tunnel and spray-chamber calibration 

The wind tunnel test conducted in 2016 identified combinations of TT110015 

nozzle and operating pressures compatible with the spray deposition data collected at 

Middle canopy position of corn (Fig 1). The resultant spray-chamber calibration 

parameters and droplet size distribution for each chosen spray pressure combination 

are available in Table 1.  

 

Efficacy of commercial insecticides 

Overall, there were no significant two- and three-way interaction effects of carrier 

volume on the performance of bifenthrin and dimethoate rates tested (𝑝 >0.05), so this 

factor was excluded from the statistical model used. In both years, bifenthrin efficacy 

was significantly affected by the interaction of WCR populations and insecticide rates 

(Fig. 2). Mortality of resistant WCR populations was lower than susceptible populations 
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over two rates of bifenthrin tested with a mean mortality range of 40-82% in 2016 and 

34-76% in 2017. The highest label rate of bifenthrin was more effective against 

pyrethroid-resistant WCR than the lowest label rate tested. However, mortality of 

laboratory-selected resistant WCR (R-Lab) tested in 2017 was higher than mortality 

observed for field collected resistant WCR at both label rates of bifenthrin. In dimethoate 

bioassays, the lowest label rate (369.9 g a.i./ha) provided >99% mortality across all 

populations tested in the first run without statistical difference among treatments 

(𝐹4,35=0.22, 𝑝=0.9283) and 100% mortality in all treatments during the second run.  

 

Susceptibility of adult WCR populations to insecticide active ingredients  

Probit regressions were obtained for WCR populations exposed to bifenthrin, 

dimethoate and indoxacarb active ingredients (Table 2). Values of 2 obtained suggest 

that observed mortality data of tested populations fitted the expected probit regression 

model. Field populations tested that were considered resistant to pyrethroids (R-Field1, 

R-Field2 and R-Lab) exhibited reduced susceptibility to both bifenthrin and dimethoate 

active ingredients. Confidence intervals of resistance ratios (RRs) estimated for 

pyrethroid-resistant WCR populations overlapped for each insecticide tested and were 

different than those estimated for pyrethroid-susceptible populations (Table 2). 

However, RRs of pyrethroid-resistant WCR varied depending on the population used as 

the susceptible reference in the calculation.  In general, higher RRs were obtained when 

using a non-diapausing lab susceptible population (S-Lab1 and S-Lab2) versus the 

field-collected susceptible population (S-Field). Compared to S-Lab2, RRs of pyrethroid-

resistant populations ranged from 22.86- to 33.18-fold for bifenthrin and from 14.36- to 
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22.60-fold for dimethoate. Furthermore, compared to S-Lab2 and S-Field, pyrethroid-

resistant WCR populations showed increased susceptibility to indoxacarb with RRs 

ranging from 0.32- to 0.35-fold (Table 2). 

 

Discussion 

 The method of aerial application simulation used in this study accurately 

reproduced aerial application parameters such as the combination of spray carrier 

volumes and droplet size distribution compatible to what is deposited on corn leaves in 

a field situation. This allowed a more realistic representation of aerial application than 

could be obtained with more traditional spray techniques often used in laboratory 

studies (Potter 1952, Tang et al. 2015, Little et al. 2017). Although the wind tunnel 

calibration was performed with only one rate of formulated bifenthrin, droplet size 

deposition obtained could practically be used for other rates and insecticides. Previous 

research has shown that nozzle type has more influence on spray droplet size 

distribution than active ingredient and carrier solution (Creech et al. 2015). Therefore, 

the droplet size distribution data collected worked as a useful baseline for the 

insecticide treatments tested in this study. 

When used to evaluate the efficacy of formulated bifenthrin against WCR 

populations, the aerial application simulation consistently captured differences in 

performance among the rates tested. The significant difference in mortality between 

pyrethroid-resistant and control  populations at both the lowest and highest label rates 

of formulated bifenthrin confirmed resistance to bifenthrin revealed in active ingredient 

bioassays and was consistent with anecdotal reports of reduced WCR adult control 
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received from farmers and local crop consultants (Pereira et al. 2015, 2017). 

Conversely, the lowest label rate of formulated dimethoate provided optimal control of 

both pyrethroid-resistant and -susceptible WCR populations under simulated aerial 

application conditions despite the low level of dimethoate resistance that had been 

revealed when pyrethroid-resistant populations were bioassayed with active ingredients. 

Results suggest that the observed shift in dimethoate susceptibility of pyrethroid-

resistant WCR populations did not reach a level that would lead to “practical resistance” 

defined as field-evolved resistance that reduces field efficacy of a pesticide with 

practical consequences for pest control (Tabashnik et al. 2014). This same 

phenomenon has been reported in other insect pest systems suggesting that the 

relationship between levels of resistance confirmed in dose-response bioassays and 

actual efficacy of formulated product in the field needs to be explored in order to 

understand the practical impact of resistance (Siegfried et al. 2007, Tabashnik et al. 

2009, 2013, Luttrell and Jackson 2012). 

The simulated aerial application method used was a conservative approach since 

it tested one model of spray deposition compatible with mid-canopy of corn plants of a 

given stage and beetles could not escape from treated surfaces. In the field there is a 

considerable interaction of environmental conditions, beetle movement behavior, and 

different levels of insecticide coverage within the corn canopy that could lead to 

differential adult exposure to insecticides. In fact, the spray deposition we collected in 

the field was fairly variable confirming the uneven canopy coverage previously observed 

for aerial applications (Bynum et al. 1991). Variable levels of WCR exposure to 

insecticide applications could potentially lead to greater survival of WCR beetles in the 



58 
 

 

field than measured in the aerial application simulation method, which may contribute to 

evolution of insecticide resistance and increase resistance levels measured in the lab 

over time (Georghiou and Taylor 1977, Guedes and Cutler 2013). 

  Effective insecticide resistance management strategies include the integration of 

different control strategies and rotation of insecticide modes of action to reduce 

selection pressure and potential evolution of resistance (Georghiou 1972, Sparks and 

Nauen 2015).  However, compliance with management strategies depends on several 

social-economic aspects such as compatibility with growers’ tradition and past 

experiences, technology complexity, visibility of results, as well as technology cost and 

associated profitability (Hurley and Mitchell 2014). Price and convenience often drive 

growers’ choice of pest management practices, which may lead to continued use of a 

specific insecticide (Wirtz et al. 2009, Dewar 2016). The increase in off-patent generic 

bifenthrin formulations has lowered pricing of this insecticide often leading to grower 

preference over other products and frequent inclusion in tank mixtures with other 

pesticides. Also, regulatory action such as the Food Quality Protection Act has led to 

reevaluation and cancellation of many insecticides uses in agriculture so fewer modes 

of action remain available to manage WCR . Collectively, these factors probably have 

facilitated ongoing selection pressure and contributed to the evolution of WCR 

resistance to pyrethroids. Educational and incentive programs often fail to consider 

sociopolitical perspectives for effective resistance management and could be better 

improved by considering the farmers perception, the potential support of networked 

communities, and the compatibility between industry interests and federal policies 

(Gould et al. 2018). 
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The recent EPA registration of indoxacarb for adult rootworm control in field corn 

(US-EPA 2018) provides a different mode of action that may be useful in WCR 

pyrethroid-resistance management programs. In this study, LC50’s from dose-response 

bioassays performed with indoxacarb active ingredient were lower for pyrethroid-

resistant than -susceptible WCR populations. Also, calculated resistance ratios were 

<1.00, which suggests that pyrethroid-resistant WCR populations tested were more 

sensitive to indoxacarb than pyrethroid-susceptible populations. Indoxacarb is 

considered a pro-insecticide that needs bioactivation by esterase/amidase enzymes 

present in the target to become a more toxic compound (Wing et al. 2000). Therefore, 

insecticide resistance mechanisms that involve increased activity of hydrolytic enzymes 

can result in a higher activation rate of indoxacarb in a negative cross-resistance 

relationship (Gunning and Devonshire 2003, Ramasubramanian and Regupathy 2004), 

which could be further explored to manage pyrethroid-resistant WCR populations with 

enhanced metabolism. Our bioassay results suggest that the previously reported likely 

involvement of enhanced metabolism as part of the WCR pyrethroid-resistance 

mechanism (Pereira et al. 2017) may be contributing to increased susceptibility to 

indoxacarb. 

In summary, we conclude that the simulated aerial application method used to 

evaluate the performance of formulated insecticides in corn effectively confirmed 

bifenthrin resistance and could be useful to evaluate the efficacy of various aerially-

applied insecticides for other pest insects. Many of the insecticides still used in the US 

western Corn Belt belong to the pyrethroid class, so WCR resistance to bifenthrin and 

potential cross-resistance with other compounds significantly restricts control options in 
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affected areas. Dimethoate and indoxacarb could be useful compounds to manage 

bifenthrin WCR resistance using rotation-based approaches. However, because of 

potential cross-resistance between structurally related pyrethroids and 

organophosphates (Devonshire and Moores 1982, Elzen et al. 1992, Cahill et al. 1995, 

Bisset et al. 1997, Sayyed et al. 2010, Couso-Ferrer et al. 2011), dimethoate and other 

organophosphate insecticides should be used with caution in areas where WCR 

pyrethroid-resistance has been confirmed. In the western Corn Belt, WCR resistance 

evolution to rootworm-active Bt traits has increased the importance of aerially-applied 

insecticides and crop rotation as tactics to manage densities and mitigate resistance 

(Reinders et al. 2018). To develop more sustainable WCR management strategies, 

additional field research and modeling is needed to determine the biological and 

economical value of short- and long-term best management practices and specifically 

the optimal role of insecticides in the system. Because of the highly adaptable nature of 

WCR populations to selection pressure we reinforce the importance of using insect 

resistance management within an IPM framework to delay the evolution of WCR 

resistance and prolong the efficacy of formulated insecticide products and plant-

incorporated traits. 
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Tables and Figures 

 

Table 1. Research track spray chamber application parameters used for aerial 

application simulations of commercial insecticides. Output per nozzle and droplet size 

distribution data are mean values ±SE obtained from combinations of TT110015 nozzle 

and spray pressures that best replicated the cornfield aerial application deposition on 

the Middle canopy of corn. 

Application 
rate 

(L/ha) 

Spray 
pressure 

(kPa) 

Output 
per nozzle 

(L/min) 

Application 
speed 
(Km/h) 

Droplet size distribution (μm) 

DV0.1 DV0.5 DV0.9 

10.89 110.32 0.38±0.003 27.25 188±0.249 348±0.358 528±1.843 

16.50 131.00 0.41±0.003 19.68 178±0.391 333±0.745 506±1.163 
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Table 2. Western corn rootworm adult susceptibility of pyrethroid-resistant (R-) and pyrethroid-susceptible (S-) 

populations estimated in 2017 for insecticide active ingredients. 

Insecticide 
Populatio

n 
Na Slope±SE LC50 (95% CI) b ² (d.f.) RR50 (95% CI)c 

Bifenthrin 

S-Lab1 120 3.30±0.53 0.19 (0.14-0.24) 1.19 (2) 1 - - 

S-Lab2 180 1.57±0.23 0.32 (0.19-0.47) 2.86 (4) 1.66 (1.00-2.76) 1 - 

S-Field 151 2.21±0.36 2.49 (1.85-3.31) 0.42 (3) 13.08 (9.05-18.91) 7.89 (4.64-13.41) 1 

R-Lab 151 4.79±1.21 7.23 (5.00-8.86) 1.65 (3) 37.92 (26.98-53.29) 22.86 (13.70-38.12) 2.90 (2.00-4.20) 

R-Field1 121 2.97±0.53 7.55 (5.46-9.63) 0.33 (2) 39.60 (27.66-56.69) 23.87 (14.13-40.31) 3.03 (2.05-4.46) 

R-Field2 121 1.74±0.40 10.49 (6.14-17.18) 0.79 (2) 55.05 (32.53-93.14) 33.18 (17.32-63.55) 4.21 (2.44-7.27) 

Dimethoate 

 S-Lab2 150 3.29±0.58 0.20 (0.15-0.24) 2.72 (3) 1 - - 

S-Lab1 150 6.58±1.82 0.37 (0.30-0.42) 1.57 (3) 1.87 (1.46-2.41) 1 - 

S-Field 120 11.75±1.94 0.98 (0.92-1.05) 1.61 (2) 4.95 (3.96-6.18) 2.64 (2.28-3.06) 1 

R-Field1 181 3.09±0.37 2.85 (2.33-3.47) 2.97 (4) 14.36 (10.74-19.21) 7.67 (6.05-9.72) 2.90 (2.36-3.57) 

R-Field2 153 3.41±0.62 3.23 (2.36-4.06) 2.69 (3) 16.30 (11.68-22.76) 8.70 (6.52-11.61) 3.30 (2.53-4.29) 

R-Lab 121 2.57±0.43 4.48 (3.44-5.64) 1.57 (2) 22.60 (16.40-31.15) 12.07 (9.18-15.86) 4.57 (3.57-5.85) 

Indoxacarb 

S-Lab2 152 2.66±0.41 7.40 (3.90-11.19) 3.78 (3)  1 - 

S-Field 150 3.14±0.58 7.62 (5.79-9.93) 0.28 (3)  1.03 (0.72-1.47) 1 

R-Field1 150 1.66±0.31 2.47 (1.14-4.00) 2.81 (3)  0.33 (0.18-0.63) 0.32 (0.17-0.61) 

R-Lab 151 1.76±0.27 2.58 (1.80-3.53) 1.66 (3)  0.35 (0.23-0.52) 0.34 (0.22-0.51) 

a number of insects tested; b μg a.i./vial; c resistance ratios relative to each S- population 
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Figure 1. Field spray deposition rate and droplet size parameters (DV0.1, DV0.5, and 

DV0.9) collected from WSPs placed in the corn canopy at three positions denoted as 

Top, Middle, and Bottom prior to aerial application. 
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Figure 2. Efficacy of Brigade 2EC (25.1% bifenthrin) against pyrethroid-resistant (R-) 

and pyrethroid-susceptible (S-) western corn rootworm populations in simulated aerial 

application bioassays; A) 2016 (𝐹3,56=4.66, 𝑝=0.0056), B) 2017 (𝐹4,70=8.48, 𝑝 <0.0001). 

Data are inverted link proportional mortality means ±SE. Within year and across two 

bifenthrin rates, treatment combination means followed by the same lower-case letter 

were not statistically different (Fisher’s LSD Test, 𝑝 >0.05). 
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CHAPTER 3. FIELD EFFICACY OF SOIL INSECTICIDES ON PYRETHROID-

RESISTANT WESTERN CORN ROOTWORMS (DIABROTICA VIRGIFERA 

VIRGIFERA LECONTE)  

 

Introduction 

The western corn rootworm (WCR), Diabrotica virgifera virgifera LeConte, 

(Coleoptera: Chrysomelidae) is a major pest of maize, Zea mays L., in the United States 

(US) (Gray et al. 2009, Andow et al. 2016, Wechsler and Smith 2018). Although adult 

WCR may adversely affect maize pollination by severe silk clipping (Meinke 2014), the 

most significant damage is caused by larvae feeding on maize roots (Levine and 

Oloumi-Sadeghi 1991, Hou et al. 1997). Yield loss from root injury or from subsequent 

plant lodging is highly variable and influenced by a number of biotic and abiotic factors 

such as maize hybrid, soil moisture, rootworm density, and management practices 

(Sutter et al. 1989, Gray and Steffey 1998, Urías-López and Meinke 2001). Root injury 

equivalent to one node of roots pruned was associated with a 9.7-12.2% yield reduction 

across hybrids tested under irrigation in Nebraska (Urías-López and Meinke 2001). For 

non-irrigated corn in Illinois, studies suggest that 15.2-17.9% yield loss can be expected 

for each node of roots pruned by WCR larvae (Dun et al. 2010, Tinsley et al. 2013). 

 Current methods to protect maize from rootworm injury include maize rotation 

with a nonhost crop, transgenic maize producing rootworm-specific Cry toxins, and soil- 

or aerial-applied insecticides (Levine and Oloumi-Sadeghi 1991, Petzold-Maxwell et al. 

2013, Wangila et al. 2015). However, local socioeconomic conditions may dictate that 

some methods are not practical to implement.  For example, in the US western Corn 
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Belt, maize production under irrigation has often been more profitable than other 

available crops, which discourages the adoption of crop rotation. The demand for maize 

is high for livestock operations and ethanol production leading to a higher adoption of 

continuous maize planting (maize planted consecutively for two or more years) (Wangila 

et al. 2015, Reinders et al. 2018, Souza 2019).  This can lead to build-up of WCR 

densities making the annual management of this pest a considerable challenge.  

Furthermore, changing of pesticide regulations and field-evolved WCR resistance to 

control tactics has restricted options to manage this important pest in the US.  

 In the late 1940s, organochlorines were introduced in the US and became very 

popular as soil broadcast applications for rootworm larval control (Ball and Weekman 

1963, Levine and Oloumi-Sadeghi 1991, Fernandez-Cornejo et al. 2014). However, 

widespread use of this insecticide class, which remains active in the soil for long periods 

of time, selected for high levels of WCR resistance to aldrin and heptachlor in parts of 

the US Corn Belt (Ball and Weekman 1962, 1963, Chio et al. 1978). In the 1970s, 

broadcast soil application of organochlorines was replaced by in-furrow or banded 

application of either carbamate or organophosphate insecticides that were less 

persistent in the field and primarily protected the root zone close to the plant stem from 

rootworm injury (Mayo 1986, Felsot 1989, Sutter et al. 1991, Parimi et al. 2006). The 

combination of insecticide chemistry and application placement provided a natural 

refuge as maize roots that grew outside of the treated zone produced WCR that had not 

been exposed to the insecticide, which helped maintain population susceptibility to soil 

applied carbamates and organophosphates over time (Gray et al. 1992, Parimi et al. 

2006).  An alternative WCR management approach was also adopted in the western 
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Corn Belt from the 1960s to the 1990s, in which aerial application of either carbamate or 

organophosphates insecticides was used to suppress adult WCR populations (Meinke 

et al. 1998, Van Rozen and Ester 2010). This was a stand-alone management strategy 

that targeted gravid WCR females to reduce egg density to a level that would not lead to 

economic loss in maize the following season (Meinke 1995).  

In Nebraska, aerial application of carbaryl or methyl parathion was common in 

continuous maize. Methyl parathion use reached approximately 30% of total insecticide 

use per weight by 1995 (NASS-USDA 2018). At that time, parts of Nebraska had been 

using the adult management strategy for up to 20-30 years (Meinke 1995, Meinke et al. 

1998). This practice placed annual selection pressure on adult WCR populations which 

led to field-evolved carbaryl and methyl parathion cross-resistance (Meinke et al. 1998, 

Scharf et al. 1999, Zhu et al. 2001) and significantly impacted the performance of some 

soil insecticides (Wright et al. 2000). In 1996, the Food Quality Protection Act (FQPA) 

altered the regulation of pesticides and pushed the US Environmental Protection 

Agency (EPA) to cancel uses of a number of organophosphate and carbamate 

insecticides leaving fewer options for WCR control (Zager et al. 2003).  

Soil insecticides were largely replaced in the 2000s by genetically engineered 

maize expressing one or more rootworm-active proteins derived from Bacillus 

thuringiensis (Bt) (Tabashnik 2008, Fernandez-Cornejo et al. 2014, Andow et al. 2016). 

However, WCR field-evolved resistance to commercially available Bt events has been 

documented in some areas of the US Corn Belt since 2009 (Gassmann et al. 2011, 

2014, 2016, Wangila et al. 2015). Consequently, the use of soil- and aerially-applied 

insecticides has increased (Fernandez-Cornejo et al. 2014) to complement Bt traits, to 
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reduce high WCR densities and to mitigate resistance (Wangila et al. 2015). However, 

because many carbamates and organophosphates had been removed from the market, 

there was a shift in insecticide class usage to pyrethroids such as bifenthrin (Pereira et 

al. 2015, Atwood and Paisley-Jones 2017).  

From 2002 to 2014, there was a 40% increase in bifenthrin use on maize in 

Nebraska. (NASS-USDA 2018) This included soil and foliar applications for WCR 

control, and foliar applications for spider mites Tetranychus urticae Koch and western 

bean cutworm Striacosta albicosta Smith (Michel et al. 2010, Pereira et al. 2015, 

Archibald et al. 2018). The selection pressure imposed on maize pests from up to four 

aerial applications of bifenthrin per crop season led to field-evolved resistance of WCR 

to bifenthrin in some populations by 2015 (Pereira et al. 2015). Cross-resistance to 

tefluthrin and DDT was then observed in laboratory bioassays supporting enhanced 

metabolism and target site insensitivity as possible mechanisms of WCR bifenthrin-

resistance (Pereira et al. 2017). Although the estimated resistance ratios to pyrethroids 

were relatively low, they were higher in the adult stage (Pereira et al. 2017) and high 

enough to cause bifenthrin control failure of resistant adult WCR under simulated aerial 

application of bifenthrin commercial product (Souza 2019). However, the impact of 

pyrethroid resistance levels observed in the larval bioassays on the field performance of 

formulated pyrethroid soil insecticides commonly used to protect maize roots from 

rootworm injury had not been evaluated.  Therefore, in order to complement a larger 

project to characterize WCR pyrethroid resistance (Pereira et al. 2015, 2017, Souza 

2019) and to inform WCR management strategies, the present study was designed to 1) 

evaluate the efficacy of some commonly used formulated soil insecticides against WCR 
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in fields with different levels WCR pyrethroid resistance, and 2) estimate in the 

laboratory current susceptibility levels of WCR larvae to the soil insecticide active 

ingredients. 

 

Methods 

Field performance of formulated soil insecticides 

In 2016 and 2017, replicated field trials were conducted to evaluate the 

performance of soil insecticides on maize root protection at three different geographic 

locations in Nebraska, US where different levels of WCR susceptibility to pyrethroids 

had been reported (Pereira et al. 2015). A Saunders County field site was selected to 

test a pyrethroid-susceptible WCR population, whereas Clay and Keith County field 

sites were selected to test populations that exhibited moderate and high levels of WCR 

pyrethroid resistance, respectively. Keith Co. locations in 2016 (Keith1) and 2017 

(Keith2) were different commercial farms, 18 Km apart, where annual soil- and aerial 

bifenthrin applications had been made for five years prior to this study.  The same field 

locations at Saunders and Clay Counties were used each year and are referred to in 

this study as Saunders and Clay, respectively. The Saunders Co. site was at the 

University of Nebraska Eastern Nebraska Research and Extension Center, and the Clay 

Co. site was on the University of Nebraska South Central Agricultural Lab farm.  The 

Saunders Co. site was surrounded by a large area of continuous maize that had not 

received insecticide applications for over ten years.  Bifenthrin had only been included 

previously as a soil application in a few small-plot trials.  Bifenthrin had only been used 
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at the Clay Co. site in small plot trials but the small farm was near commercial farms 

where soil– and aerial –applied bifenthrin had been used over the last decade 

The maize hybrid N65Z-3220 (Agrisure® Viptera™, Syngenta Seeds Inc., 

Minnetonka, MN) was provided by the manufacturer and was used in all trials in both 

years. Seeds contained three Bt genes for controlling above-ground lepidopteran 

species (Cry1Ab/Cry1F/Vip3A) and came treated with Avicta® Complete Corn 250 

(Syngenta Crop Protection LLC, Greensboro, NC) that included thiamethoxam (0.25 mg 

a.i./seed) and abamectin (0.22 mg a.i./seed). Seeds were glyphosate tolerant and did 

not contain genetically engineered traits to control rootworms. Standard tillage, 

irrigation, nitrogenous fertilizer and weed control programs were used each year in all 

field locations. 

Four treatments were tested: 1) Untreated control; 2) 1.17 L/ha of liquid Capture 

LFR (bifenthrin 17.15%, FMC, Philadelphia, PA); 3) 0.73 L/ha of liquid Force CS 

(tefluthrin 23.4%, Syngenta Crop Protection LLC, Greensboro, NC); and 4) 8.20 Kg/ha 

of granular Aztec 2.1G (cyfluthrin 0.1% + tebupirimphos 2.0%, AMVAC, Newport Beach, 

CA). The fourth treatment was included as a positive control due to the presence of an 

organophosphate (OP) in the formulation. Liquid insecticides were prepared in tap water 

for 46.77 L/ha carrier volume rate. All insecticides were applied in-furrow at planting with 

four replicates randomized in four blocks. Each replicate consisted of a four-row plot of 

10 m long and 0.76 m row spacing (74-79 000 seeds/ha). After peak larval feeding, five 

plants were randomly dug from the central two rows of each plot, labeled and taken to 

the laboratory. In 2016, roots were dug on July 20 (Saunders), July 15 (Clay) and July 

27 (Keith1), whereas in 2017 they were collected on July 18 (Saunders), July 12 (Clay) 
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and July 25 (Keith2). Roots were washed and rated for rootworm injury using the 0-3 

node injury scale (NIS) (Oleson et al. 2005). In 2016, single-plant emergence cages 

(Pierce and Gray 2007) were placed in all field locations to evaluate the impact of 

rootworm larval control obtained from each insecticide treatment on adult emergence. 

Three emergence cages were placed in the central two rows of each plot. Once WCR 

emergence started, cages were checked on a weekly basis and beetles counted until 

the emergence had ended. Adult emergence periods in 2016 were: June 28 – August 

22 (Saunders); June 27 – August 11 (Clay); and July 6 – October 10 (Keith1). 

   

Larval laboratory bioassays with insecticide active ingredients 

Chemicals 

 Analytical standards of bifenthrin, tefluthrin, cyfluthrin and tebupirimphos were 

used, which were the active ingredients in formulated soil insecticides tested in the field. 

Bifenthrin 98%, cyfluthrin 99.2% and tebupirimphos 97% were obtained from Chem 

Service Inc., West Chester, PA (Cat. No. N-11203/ CAS: 82657-04-3, N-11130/CAS: 

68359-37-5 and N-13503/ CAS: 96182-53-5, respectively). Tefluthrin ≥ 95% was 

provided by Santa Cruz Biotechnology, Inc., Dallas, TX. (Cat. No. sc-236965/ CAS: 

79538-32-2). All insecticides were dissolved in acetone ≥99.9% supplied by Sigma-

Aldrich Corp., St. Louis, MO (Cat. No. 650501/CAS: 67-64-1) for stock solution 

preparation. 
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WCR populations 

 Four WCR populations were tested in the laboratory at neonate larval stage (<36 

hours old). One pyrethroid-susceptible non-diapausing lab population (Lab) provided in 

2017 by Crop Characteristics, Inc., Farmington, MN, and three populations originally 

collected in 2016 at the adult stage from fields in Nebraska-US were used. The 

population from Saunders Co. (Saunders) was pyrethroid-susceptible, whereas 

populations from Keith Co. (Keith1 and Keith2 described earlier) were pyrethroid-

resistant. Adults collected in 2016 were taken to the Department of Entomology at the 

University of Nebraska-Lincoln, Lincoln, NE and maintained there under standard 

rearing procedures (Wangila et al. 2015). Eggs obtained from field-collected populations 

were maintained in a growth chamber at 8º±1°C in diapause for 4-5 months and then 

transferred to 25±1°C to facilitate post-diapause egg development. All field collections 

were allowed by the property owners.  

 

Bioassays 

 In 2017, dose-response bioassays were performed with insecticide analytical 

standards to estimate the susceptibility of WCR larvae to the active ingredients of 

commercial soil insecticides. Filter papers obtained from Thermo Fisher Scientific Inc, 

Waltham, MA (Whatman™ grade 1, circles 42.5mm, Cat. No. 1001-042), were placed 

inside sterile petri dishes purchased from VWR International, Radnor, PA (9.0 mm 

height × 50.0 mm diameter, Pall Corporation, Port Washington, NY Cat. No. 25388-

606) and treated with increasing concentrations of bifenthrin, tefluthrin, cyfluthrin and 

tebupirimphos following methods described in previous research (Magalhaes et al. 
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2007). For a negative control, filter papers were treated with purified water only. 

Insecticide stock solutions prepared in acetone were diluted in purified water into 5-8 

concentrations. The number of insecticide concentrations used to test each population 

varied depending on the number of WCR larvae available. A volume of 150 μl 

insecticide solution was homogeneously applied on each filter paper with a pipette and 

each concentration was replicated three times. Treated filter papers were allowed to dry 

at room temperature for 15 minutes to prevent condensation on the petri dishes once 

closed. A group of 20 WCR larvae were then carefully transferred to each petri dish 

using a fine camel hair paintbrush. Petri dishes were closed and maintained in the dark 

at a temperature of 23 ± 1 °C. Larval mortality was recorded at 24h after infestation. 

Larvae that did not respond to gentle prodding or were unable to move around the filter 

paper area consistently were considered dead. 

 

Statistical analysis 

 Node injury scores recorded from plants dug from each plot followed a 

continuous distribution within the restricted interval of [0,3]. Continuous proportion data 

that do not extend to +/- infinity like in a Normal distribution being restricted by a specific 

interval fits a Beta-binomial distribution with continuous values in the restricted interval 

of [0,1] (Ferrari and Cribari-Neto 2004, Stroup 2015). Thus, rating values obtained were 

divided by three and analyzed with this distribution. To estimate soil treatment effects on 

adult WCR emergence in 2016, the total number of beetles emerged from each plot was 

analyzed with a Negative-binomial distribution. Emergence counting data are discrete 

integer values that show overdispersion (variance greater than the mean) following the 
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aforementioned distribution premises (Bliss and Fisher 1953, Tripathi 2006, Stroup 

2015). Root ratings and adult emergence data were evaluated using their 

correspondent distribution logit functions with a generalized mixed model in SAS 9.4 

software (SAS Institute, Cary, NC).  A randomized complete block experiment design 

(RCBD) with factorial treatment design was used. Field location and insecticide 

treatments were adopted as factors in the statistical model. Multiple comparison of 

treatment means was performed using Fisher’s least significant difference procedure at 

significance level =0.05. 

 To evaluate the susceptibility of WCR larvae to insecticide active ingredients in 

the laboratory, the LC50s of different populations were estimated by probit analysis. 

Mortality data for each insecticide concentration tested was submitted to POLOPlus-PC 

software algorithm (LeOra Software LLC) that corrects for natural control mortality using 

Abbot’s formula (Abbott 1925) and analyzes data with a probit function and Normal 

distribution (Finney 1971, Russell and Robertson 1979, LeOra 1987, Robertson et al. 

2007). The probit procedure also performed a Pearson goodness-of-fit test between 

observed data and expected regression lines, and estimated resistance ratios (RR50) 

with correspondent 95% confidence intervals between LC50s of field and lab 

populations. When RR50 confidence intervals between pyrethroid-susceptible 

(Saunders) and pyrethroid-resistant (Keith1 and Keith2) field populations overlapped, a 

test of equality of slopes and intercepts of regression lines was performed in the same 

software, and the statistical significance estimated at =0.05 (Robertson et al. 2007). 
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Results 

Field performance of formulated soil insecticides 

 Root injury results indicate that in both years insecticide treatments performed 

significantly differently depending on field location (Figure 1). Overall, significantly lower 

mean root injury was observed in both years for all soil insecticides tested at Saunders 

and Clay compared to untreated control plots. An average of 70-86% root injury 

reduction was observed for all insecticide treatments tested at Saunders. Conversely, 

mean root injury of treated plots at Keith1 and Keith2 was not significantly different from 

mean injury in respective untreated control plots for any of the soil insecticide 

treatments tested. In fact, root rating means of all treatments tested at Keith1 and 

Keith2 were consistently within the 0.8-1.7 range. At the Clay location, root injury in 

plots treated with bifenthrin soil insecticide was significantly greater than injury in 

cyfluthrin + OP treated plots each year (i.e. 43 and 26% in 2016 and 2017, 

respectively). Furthermore, mean root injury in the bifenthrin treatment was significantly 

greater than mean injury in the tefluthrin treatment during 2017 but not 2016 at Clay.  At 

the same location, mean injury in the tefluthrin treatment was significantly greater than 

mean injury in the cyfluthrin + OP treatment in 2016 but not in 2017. The analysis of 

mean WCR adult counts collected in 2016 single-plant cages indicated no treatment by 

field interaction significantly affecting beetle emergence (𝐹6,27=0.83; 𝑝=0.5601) and no 

overall insecticide treatment effect (𝐹3,33=1.87; 𝑝=0.1540). However, the Saunders site 

had significantly higher mean WCR adult emergence per plot than Clay and Keith1 

(Figure 2). 
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Larval laboratory bioassays with insecticide active ingredients 

 Probit analysis of concentration-mortality regressions effectively estimated 

susceptibility levels of WCR larvae to soil insecticide active ingredients (Table 1). 

Populations from Keith1 and Keith2 consistently showed reduced susceptibility to all 

three pyrethroid insecticides tested. In fact, resistance ratios (RRs) of Keith populations 

for bifenthrin, tefluthrin, and cyfluthrin were all near 5-fold. Although RR confidence 

intervals of Saunders overlapped with those of Keith populations for bifenthrin, they 

were found to be significantly different in the test of equality of slopes and intercepts 

(Keith1: 2
(d.f) =30.71(2), 𝑝 <0.0001; Keith2: 2

(d.f) =37.41(2), 𝑝<0.0001). RRs of Keith 

populations estimated for tebupirimphos were all <2-fold and their confidence intervals 

did not overlap with those estimated for Saunders and Lab populations. 

 

Discussion 

 This study confirms that a relatively low level of WCR pyrethroid resistance 

detected in laboratory bioassays (Pereira et al. 2015, Souza 2019) is enough to 

significantly reduce the performance of formulated soil-applied pyrethroid products in 

the field. A study that analyzed over a decade of research at multiple US maize‐

producing sites indicated that nearly 86% less root injury occurred in conventional 

maize when a soil insecticide was applied in addition to a standard seed treatment 

(Tinsley et al. 2015). Similar results were observed in this study, as treatments tested 

on the Saunders WCR pyrethroid-susceptible population provided 70-86% less root 

injury than untreated control plots. In contrast, the performance of commercial 

pyrethroids bifenthrin and tefluthrin was significantly reduced at Clay and Keith County 
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sites, which were previously confirmed (Pereira et al. 2015, Souza 2019) to contain 

pyrethroid-resistant WCR populations. Particularly at Keith1 and Keith2, the 0.8-1.7 root 

injury ratings  consistently observed for all treatments tested, were at levels that may 

cause significant yield loss (Sutter et al. 1989, Gray and Steffey 1998, Urías-López and 

Meinke 2001, Oleson et al. 2005, Dun et al. 2010, Tinsley et al. 2013). 

Although the driving force behind WCR field-evolved resistance to pyrethroids is 

uncertain, a previous diagnostic assay survey indicated that WCR populations east of 

Nebraska were in general susceptible to pyrethroids whereas populations from the west 

exhibited  resistance to bifenthrin and tefluthrin (Pereira et al. 2015). Either bifenthrin or 

tefluthrin were commonly used as soil insecticides in all locations surveyed, but western 

areas had an additional history of multiple bifenthrin aerial applications suggesting that 

bifenthrin foliar spraying may have been a major contributor to the WCR pyrethroid 

resistance observed in both adult and larval stages (Pereira et al. 2015).  Results 

presented here not only confirm the ~5-fold pyrethroid cross-resistance between 

bifenthrin and tefluthrin previously detected in WCR larvae (Pereira et al. 2015, 2017) 

but also reports a similar level of WCR resistance to cyfluthrin, which is structurally 

classified as a Type II pyrethroid by the presence of a -cyano group (Verschoyle and 

Aldridge 1980, Soderlund 2011). Cross-resistance between Type I and Type II 

pyrethroids does not always happen (Hu et al. 2011). When it does, it is commonly 

associated with target site mutations in the sodium-channels (kdr mutations) (Du et al. 

2009, 2013, Burton et al. 2011, Rinkevich et al. 2012), which was already suggested to 

be part of the WCR pyrethroid resistance mechanism (Pereira et al. 2017). 
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The control failure of cyfluthrin + tebupirimphos soil insecticide formulation 

consistently observed in different Keith fields in two years of study was unexpected and 

reasons for that failure are unclear. Cyfluthrin cross-resistance observed in larval 

bioassays for pyrethroid-resistant Keith populations could be a factor contributing to the 

observed field efficacy reduction. Nevertheless, questions remain on the performance of 

tebupirimphos in mixture with cyfluthrin on pyrethroid-resistant WCR populations. 

Cross-resistance and synergism studies suggested enhanced metabolism as part of the 

WCR pyrethroid resistance mechanism (Pereira et al. 2017), which could mutually affect 

the performance of structurally related insecticides such as pyrethroids and 

organophosphates. In fact, a laboratory investigation of both Keith populations revealed 

a decreased susceptibility of pyrethroid-resistant WCR adults to the organophosphate 

dimethoate (Souza 2019). Examination of the activity of the main detoxification 

enzymes in pyrethroid-resistant WCR may clarify the magnitude of enhanced 

metabolism possibly contributing to the resistance trait observed. 

Although there was no significant effect of soil insecticides on adult WCR 

emergence, the highest emergence averaged over all treatments was observed at 

Saunders where all insecticide treatments significantly reduced root injury. The adult 

emergence data collected supports previous studies (Gray et al. 1992, Boetel et al. 

2003) that showed an inconsistent effect of soil insecticides on adult emergence. In-

furrow or banded placement of soil insecticides were designed to protect the main 

maize root mass from larval injury and prevent lodging; but, because of the built-in 

untreated refuge between rows, a considerable number of larvae may complete 

development to the adult stage (Boetel et al. 2003).  Hibbard et al. (2010) reported that 
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adult emergence is reduced only when a high larval population is reached, and density 

dependent mortality occurs. The resistance levels present at Clay and both Keith sites 

may have led to greater larval survival and more density-dependent larval mortality than 

present at the Saunders site leading to greater adult emergence at Saunders (Branson 

and Sutter 1985, Elliott and Hein 1991, Onstad et al. 2006, Hibbard et al. 2010). 

Therefore, although excellent root protection was provided at Saunders, soil insecticide 

treatments did not manage the local western corn rootworm population. 

In conclusion, this study revealed that relatively low levels of WCR pyrethroid 

resistance estimated in the lab may be sufficient to cause control failure of commonly 

used pyrethroid soil insecticides in the field. The reduced field performance of soil 

applied bifenthrin, tefluthrin and possibly cyfluthrin in southwestern Nebraska 

significantly restricts the insecticide options left there to protect maize roots from 

pyrethroid-resistant WCR (Pereira et al. 2015). Rotation of crops, plant-incorporated 

insecticide traits and insecticide modes of action remains as the top IPM and insecticide 

resistance management recommendation to manage pyrethroid-resistant WCR 

populations. Since evidence collected to date supports the hypothesis that adult WCR 

selection is impacting resistance levels expressed in the larval stage (Pereira et al. 

2015, Souza 2019), aerial applications of insecticides on maize should be used wisely 

(Sparks and Nauen 2015, Souza 2019) to prolong the efficacy of soil insecticide 

compounds available and to delay the evolution of WCR insecticide resistance. 
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Table 1. WCR larval susceptibility of pyrethroid-susceptible (Lab; Saunders) and pyrethroid-resistant (Keith1; Keith2) 

populations estimated in 2017 for the active ingredients of main commercial soil insecticides. 

Insecticide Population Na Slope±SE LC50 (95%CI)b χ² (d.f) RR50 (95%CI)c 

Bifenthrin 

Lab 241 3.98±0.58 0.88 (0.76-0.98) 0.32 (2) * 

Saunders 303 3.84±0.51 2.78 (2.32-3.21) 1.72 (3) 3.13 (2.54-3.86) 

Keith1 366 1.95±0.19 4.12 (3.29-5.04) 1.44 (4) 4.64 (3.60-5.97) 

Keith2 634 1.57±0.17 3.82 (2.87-4.89) 1.52 (4) 4.30 (3.20-5.79) 

Tefluthrin 

Lab 302 9.74±1.24 0.54 (0.50-0.57) 2.92 (3) * 

Saunders 240 6.86±0.76 1.18 (1.10-1.27) 1.93 (2) 2.18 (1.98-2.41) 

Keith1 420 10.42±1.96 2.92 (2.10-3.25) 7.46 (5) 5.41 (4.81-6.09) 

Keith2 421 5.04±0.59 2.21 (1.86-2.49) 6.20 (5) 4.10 (3.65-4.61) 

Cyfluthrin 

Lab 300 2.35±0.29 3.31 (2.65-4.06) 2.34 (3) * 

Saunders 298 1.21±0.19 2.29 (1.52-3.11) 1.10 (3) 0.68 (0.45-1.03) 

Keith1 301 1.28±0.15 19.42 (13.43-26.79) 0.66 (3) 5.78 (3.85-8.68) 

Keith2 243 1.13±0.20 14.11 (7.42-21.0) 1.13 (2) 4.20 (2.47-7.14) 

Tebupirimphos 

Lab 423 11.32±1.11 0.44 (0.42-0.46) 4.14 (5) * 

Saunders 429 9.38±0.80 0.38 (0.36-0.40) 4.22 (5) 0.86 (0.81-0.92) 

Keith1 241 17.50±2.16 0.52 (0.50-0.53) 1.47 (5) 1.17 (1.11-1.23) 

Keith2 240 7.66±1.01 0.66 (0.60-0.72) 1.38 (5) 1.51 (1.36-1.67) 
a number of insects tested; b ng/cm2; c resistance ratios relative to pyrethroid-susceptible laboratory population (Lab) 
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Figure 1. Field performance of commercial soil insecticides on WCR larvae populations. 

Graph presents inverted link of proportional root injury means ±SE and correspondent 

root rating evaluated at three different Nebraska-US field locations in A) 2016 (𝐹 

6,27=4.60; 𝑝=0.0024) and B) 2017 (𝐹 6,27=5.33; 𝑝=0.0010). Saunders represented a 

pyrethroid-susceptible field, whereas Clay and Keith Co. populations represented 

moderate and high pyrethroid-resistant fields respectively. Treatment combination 

means followed by the same letter were not statistically different (𝑝 >0.05). 
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Figure 2. 2016 WCR adult emergence at the three different Nebraska-US field locations 

testing performance of commercial soil insecticides. Graph presents inverted link means 

of beetles emerged from each experimental plot ±SE (three single-plant emergence 

cages per plot). Saunders had a significantly higher mean adult emergence than the other 

two sites (𝐹 2,9=71.61; 𝑝<0.0001). Means followed by the same letter were not statistically 

different (𝑝 >0.05). 
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CHAPTER 4. ACTIVITY OF DETOXIFICATION ENZYMES IN PYRETHROID-

RESISTANT POPULATIONS OF THE WESTERN CORN ROOTWORM DIABROTICA 

VIRGIFERA VIRGIFERA LECONTE 

 

Introduction 

Field-evolved resistance to pyrethroids has been confirmed among populations of 

the western corn rootworm (WCR), Diabrotica virgifera virgifera LeConte (Coleoptera: 

Chrysomelidae), in the western Corn Belt of the United States (US) (Pereira et al. 2015, 

2017). Laboratory bioassays revealed WCR cross-resistance to bifenthrin and tefluthrin 

during both adult and larval stages (Pereira et al. 2017). A reduced performance of 

formulated pyrethroids that are aerially sprayed and soil-applied for WCR adult and 

larval control was also confirmed (Souza 2019a, 2019b). Treating field-collected 

pyrethroid-resistant WCR adults with insecticide synergists S,S,S-tributyl 

phosphorotrithioate (DEF) and piperonyl butoxide (PBO) prior to insecticide exposure 

partially reduced resistance to pyrethroids suggesting that both target site insensitivity 

and enhanced metabolism could be components of the resistance mechanism (Pereira 

et al. 2017).  

Reduced adult susceptibility to the organophosphate dimethoate and increased 

susceptibility to the oxadiazine indoxacarb were also detected by active ingredient 

dose-response bioassays conducted on pyrethroid-resistant WCR populations (Souza 

2019b). Cross-resistance between structurally related insecticides such as pyrethroids 

and organophosphates is often associated with increased activity of detoxification 

enzymes such as P450 monooxygenases, esterases and glutathione S-transferases 
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(Hemingway et al. 1993, Cahill et al. 1995, Carvalho et al. 2013, Chigure et al. 2018). 

Activity of esterase/amidases could be particularly important in hydrolyzing amide-

containing insecticides such as dimethoate, and also in bioactivating the pro-insecticide 

indoxacarb (Yu and Nguyen 1998, Wing et al. 2000). 

Non-synonymous nucleotide substitutions in the voltage-gated sodium channel gene 

can also provide resistance to insecticides that act as sodium channel modulators such 

as pyrethroids and DDT (Soderlund and Knipple 2003). More than 50 sodium channel 

mutation combinations were reported to provide resistance to pyrethroids in various 

arthropod pests (Dong et al. 2014). Mutations in the para-homologous sodium channel 

loci L1014 and T929 are the most common in conferring knock-down resistance (kdr) to 

pyrethroids in different insect species and also in providing variable levels of cross-

resistance between not only Type I and Type II pyrethroids, but also between 

pyrethroids and DDT (Usherwood et al. 2007, Burton et al. 2011, Dong et al. 2014). In 

another chrysomelid beetle, the Colorado potato beetle Leptinotarsa decemlineata 

(Say), mutations at both loci L1014 and T929 were identified as a major mechanism of 

pyrethroid resistance (Rinkevich et al. 2012). The para-homologous sodium channel 

gene locus M918 has also been shown to confer high levels of kdr resistance in a 

number of different insect species (Williamson et al. 1993, 1996, Dong et al. 2014). The 

cross-resistance between the two classes of pyrethroids and DDT previously observed 

in pyrethroid-resistant WCR populations suggests that kdr mutations may also be 

involved in the resistance mechanism (Pereira et al. 2017, Souza 2019a). 

Despite laboratory and field studies that have clarified the implications of the WCR 

pyrethroid resistance trait, the mechanisms of resistance remained unknown. Artificial 
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selection has been widely used to investigate insecticide resistance mechanisms and to 

understand the evolution of resistance traits (Roush and McKenzie 1987). Therefore, 

laboratory selection of a pyrethroid-resistant WCR population was initiated by exposing 

several generations to high selection pressure. The selection process can increase the 

frequency of resistance-associated genes over time and provide a more homogeneous 

genetic background for study (Georghiou 1972, Georghiou and Taylor 1977). 

Furthermore, the realized heritability of resistance (ℎ2) is often estimated during the 

process of selection (Falconer 1989, Tabashnik 1992), which incorporates the 

estimation of the resistance development rate that is critically important to resistance 

evolution modelling and insect resistance management (IRM) planning (Georghiou and 

Taylor 1977, Tabashnik 1992, Oswald et al. 2011).  

 The characterization of WCR pyrethroid resistance is important to IRM and 

Integrated Pest Management (IPM) throughout US maize producing areas. Biochemical 

and genetic studies would greatly contribute to the understanding of the resistance 

mechanisms involved in the WCR pyrethroid resistance, complement the laboratory and 

field data collected thus far (Pereira et al. 2015, 2017, Souza 2019b, 2019a) and 

potentially improve resistance detection methods. Therefore, the objectives of this study 

were: (1) to select a pyrethroid-resistant WCR population in the laboratory and obtain a 

preliminary estimate of the realized heritability of the resistance trait; (2) screen 

pyrethroid-resistant WCR populations for voltage-gated sodium channel loci that 

commonly harbor kdr mutations in other insect species; and (3) evaluate the enzyme 

activity of pyrethroid-resistant WCR populations. 
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Methods 

Chemicals 

Analytical standards of bifenthrin, DEF and PBO were purchased from Chem 

Service Inc. (West Chester, PA, Cat. No. N-11203-100MG, N-13194-250MG, and N-

13061-100MG respectively). DNAzol® reagent was obtained from Invitrogen (Carlsbad, 

CA, Cat No. 10503027). PolyAcryl Carrier was provided by Molecular Research Center 

Inc. (Cincinnati, OH, Cat No. PC152) and RNase A by MACHEREY-NAGEL GmbH & 

Co. KG (Düren, Germany, Cat No. 740505). Proteinase K and QIAquick PCR 

Purification Kit were purchased from Qiagen Inc. (Germantown, MD, Cat No. 19131 and 

28104 respectively). GoTaq® Flexi DNA polymerase kit was obtained from Promega 

(Madison, WI, Cat No. M8291). Triton™ X-100 and Pierce™ bicinchoninic acid (BCA) 

assay kit were provided by Thermo Scientific (Rockford, IL, Cat No. 85112 and 23227 

respectively). The Native Sample Buffer (161-0738) and 10×Tris Glycine/SDS buffer 

(161-0732) was purchased from Bio-Rad Laboratories (Hercules, CA). Sigma-Aldrich 

Corp. (St. Louis, MO) provided all PCR primers and remaining chemicals used 

including: dimethoate (45449-100MG); reduced L-Glutathione (G4251-5G); 1-Chloro-

2,4-dinitrobenzene (237329-10G); 𝑝-nitroanisole (103543-5G); 𝑝-nitrophenyl acetate 

(N8130-5G); -naphthyl acetate (N8505); -naphthyl acetate (N6875); D-Glucose 6-

phosphate sodium salt (G7879-1G); NADP disodium salt (10128031001); glucose-6-

phosphate dehydrogenase (G6378-500UN); and fast Blue RR salt (F0500). 
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Screening for WCR kdr mutations 

Three pyrethroid-resistant WCR adult populations were screened for para-

homologous kdr mutations in the voltage-gated sodium channel gene. Two were 

collected from corn fields ~14 Km apart from each other in Keith County, NE (R-Field1 

and R-Field3) in 2015 and 2016, respectively. The third population was the fourth 

generation of R-Lab maintained in the lab under bifenthrin selection. Glass vials were 

coated with a pre-established bifenthrin diagnostic concentration (LC99) (Pereira et al. 

2015) and infested with mixed-age WCR beetles from pyrethroid-resistant populations. 

At 24h after infestation, survivors were flash frozen in liquid nitrogen and kept in -80 °C 

freezer. WCR beetles purchased from Crop Characteristics (S-Lab1) were used as 

pyrethroid-susceptible controls. Genomic DNA was extracted from six WCR beetles (1:1 

sex ratio) from each population using DNAzol ® reagent according to the manufacturer’s 

instructions with the following modifications for homogenization and lysis steps. WCR 

abdomens were removed with micro scissors and remaining body parts were placed in 

1.5 mL tubes. Each sample was homogenized with disposable microtube pestles in 980 

L of DNAzol and 10 L of PolyAcryl carrier. Homogenates were treated with 10L of 

RNase A and placed in a thermomixer (Thermomixer 5350 Mixer, Eppendorf AG, 

Hamburg, Germany) at 37 °C. After 1 hour, each sample received 8 L of proteinase K 

and was incubated at 55 °C for one hour in the thermomixer. Tubes with the resulting 

mixture were then left on the laboratory bench for 3 h at room temperature and 

processed as recommended for DNA isolation.  

Polymerase chain reactions (PCR) were performed in a 50 μL final reaction volume 

containing 2.0 μL of template DNA, 1u of GoTaq® Flexi DNA polymerase, 1× Colorless 
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GoTaq® Flexi buffer, 0.2 mM dNTP, 1.5 mM MgCl2 and 0.2 μM of each primer. The PCR 

temperature profile for each fragment included an initial heating step at 95 °C for 2 min, 

followed by 35 cycles of 94 °C for 30 s, annealing temperature for 90 s and 72 °C for 

1 min, and a final extension of 60 °C for 30 min. The forward (5’-

GGTTTTCAGATAATGTAGATAG-3’) and reverse (5’-TTCCCAACCACCACATTTTT-3’) 

primers were used with an annealing temperature of 54 °C to amplify a ~350 bp region 

around the kdr locus L1014. Also, forward (5’-ATGGAGGCATGTTGTCGAGA-3’) and 

reverse (5’-GCCACGAAAGACCGAAAGAA-3’) primers were used with an annealing 

temperature of 65 °C to amplify a ~530 bp region containing both M918 and T929 kdr 

loci. Primers were designed in Primer3web version 4.0.0 (Koressaar and Remm 2007, 

Untergasser et al. 2012). A WCR genome under development and not yet publicly 

available was used as the template for primer design. To locate the kdr polymorphic 

sites, sequences extracted from a WCR sodium channel contig were aligned to the 

sodium channel sequence of housefly Musca domestica L. (Vssc1) deposited in 

GenBank (Acession No: AAB47604). DNA concentration and quality before and after 

PCR were determined by spectrophotometry using the Nanodrop 2000 (Thermo 

Scientific™, Waltham, MA). PCR products were analyzed by 1.3% agarose gel 

electrophoresis, purified with QIAquick PCR Purification Kit and sequenced with the 

Applied Biosystems (ABI) 3730 DNA Analysis Instrument (Life Technologies, Grand 

Island, NY). Reads were quality trimmed with pregap4 v1.6-r and assembled by gap4 

v4.11.2-r using PuTTY for secure remote shell access and Xming X11 display server for 

Microsoft Windows operating system. The consensus sequences were aligned and 
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mapped to a scaffold of the WCR sodium channel gene using Geneious Basic 5.6.7 

(Kearse et al. 2012), and screened for targeted kdr polymorphisms. 

 

Enzyme activity of pyrethroid-resistant WCR populations 

Enzyme preparation 

In 2017, the activity of P450s, esterases and glutathione S-transferase were 

compared in five WCR adult populations. Three populations were pyrethroid-resistant 

collected from Keith Co., NE 8-14 Km apart from each other (R-Field1, R-Field2 and R-

Field3). One was the ninth generation of R-Lab selected for bifenthrin resistance. A 

population collected from Saunders Co., NE (S-Field) was included as pyrethroid-

susceptible control. All field populations were collected in 2016 and reared in the lab for 

one generation prior to testing. Two experiments were performed with three biological 

replicates of ten WCR adults (48h-old and 1:1 sex ratio) from each population. Whole 

body preparations were used in the first experiment whereas only WCR abdomens were 

used in the second. Each replicate was homogenized on ice with a Polytron 

homogenizer (Brinkmann Instruments, Westbury, NY) in a Teflon glass Potter-

Elvehjem-type tube with 1.3 mL of ice-cold 0.1M Tris-HCl homogenization buffer (pH 

7.8) containing 10 mM MgCl2, 100 mM NaCl2, 0.1 mM dithiothreitol, 1mM 

phenylthiourea and 10% v/v glycerol. The homogenates were transferred into 1.5 mL 

tubes and centrifuged for 20 min at 4 °C and 10 000 g. The supernatants were 

transferred into new 1.5 ml tubes. An aliquot of 40 L from each enzyme preparation 

was diluted 5-fold in 0.1 M Tris-HCl homogenization buffer for both enzyme activity 

measurement and protein determination. Protein concentration for all preparations was 
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determined with Pierce™ BCA assay kit following manufacturer’s instructions and using 

bovine serum albumin standards. 

 

Microplate assays  

 Activities of P450-dependent demethylation, esterase and glutathione S-transferase 

were measured (30s intervals) using a microplate spectrophotometer (PowerWave™ 

HT, BioTek® Instruments, Inc., Winooski, VT) and model substrates in 96-well sterile 

plates (Corning® Costar®, Corning, NY, Cat No. CLS3595). Protocols were adapted 

from methods developed previously (Rose et al. 1995, Yang et al. 2004). The P450 

substrate solution was prepared using the homogenization buffer to a final 

concentration of 2 mM 𝑝-nitroanisole and 0.05M Tris-HCl. Reaction mixtures contained 

90 L of non-diluted enzyme preparation and 100 L of substrate solution per well. The 

reaction was initiated by the addition of 10 L of a NADPH regenerating system (0.25 

mM NADP+, 2.5 mM D-Glucose 6-phosphate, 1 u of glucose-6-phosphate 

dehydrogenase) after a 3 min incubation period at 30 °C. The absorbance of product 𝑝-

nitrophenol was read at 405 nm and 30 °C for 15 min. For the esterase assays, 10 L of 

the 5-fold diluted enzyme and 190 L of substrate solution (5.26 mM 𝑝-nitrophenyl 

acetate, 0.05M Tris-HCl) were added to each well and 𝑝-nitrophenol absorbance read at 

405 nm and 30 ⁰C for 4 min. Both P450 O-demethylation and esterase activities were 

determined using the extinction coefficient of 18 mM-1 cm-1. Glutathione S-transferase 

substrate solution was prepared with the homogenization buffer adjusted for a pH 7.4 

and to a final concentration of 1.3 mM 1-Chloro-2,4-dinitrobenzene, 6 mM L-Glutathione 

reduced, and 0.05 M Tris-HCl. Plates received 10 L of diluted enzyme and 190 L of 
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substrate solution. The absorbance of S-(2,4-dinitrophenyl) glutathione was measured 

at 340 nm, 30 °C for 15 min, and the activity of glutathione S-transferase calculated 

using the extinction coefficient of 9.6 mM-1 cm-1. Three technical replicates were used in 

all microplate assays. Enzyme activities were subjected to analysis of variance in 

completely randomized experimental design followed by Fisher’s least significant 

difference procedure for comparison of treatment means at significance level  = 0.1. 

 

In-gel esterase activity 

The 5-fold diluted homogenates freshly prepared from WCR whole bodies was also 

used for in-gel esterase activity assays adapted from Wright et al. (2000) and 

Thangthaeng et al. (2011). Sodium dodecyl sulfate–polyacrylamide gel electrophoresis 

(SDS-PAGE) was performed in a vertical electrophoresis chamber (Bio-Rad Protean II, 

Richmond, CA) using 4-15% Mini-PROTEAN TGX Precast Gel (Bio-Rad Laboratories, 

Hercules, CA, Cat No. 4561086) and 1× Tris Glycine/SDS buffer (25 mM Tris, 192 mM 

glycine, 0.1% SDS). Individual wells were loaded with 20 L solution containing 10 g of 

total protein, 6% v/v sucrose and 3 L of Bio-Rad native sample buffer. Gels were run at 

4 ⁰C, 90 V for 15 min and then at 110 V for 1 h. Following SDS-PAGE, gels were 

incubated at room temperature for 30 min in 3% Triton™ X-100 solution, rinsed with 

ultrapure water and then incubated at 40 ⁰C for 20 min in 100ml staining solution of 50 

mM Tris-HCl (pH 7.4) containing 50 mg - or -naphthyl acetate dissolved in 1 mL 

ethanol, and 50 mg of solid Fast blue RR salt. Upon development of visible bands, gels 

were briefly rinsed with ultrapure water and the reaction stopped by fixing the gel in a 

solution of 50% v/v methanol and 10% v/v acetic acid. 
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Insecticide synergism 

Synergism bioassays were performed comparing the ninth adult generation of the 

bifenthrin selected WCR lab population (R-Lab) and a pyrethroid-susceptible WCR 

population purchased from French Agricultural Research, Lamberton, MN (S-Lab2). 

After a 30 s anesthetization in CO2, mixed-age WCR beetles were topically treated on 

the ventral abdomen with 1 L acetone solution containing either 2 g of PBO or 0.2 g 

of DEF known to be inhibitors of P450’s and esterases, respectively. A solution of 

acetone-only was used on control groups. After 1.5 h, treated beetles were transferred 

to glass vials pre-coated with increasing concentrations of either bifenthrin or 

dimethoate active ingredients. Triplicates of six to eight insecticide concentrations were 

used and each vial received ten WCR adults in an even sex ratio. All treatments were 

maintained at a temperature of 23 ± 1 °C and 13 ± 1 h photophase. WCR mortality was 

recorded at 48h after infestation and data analyzed with a probit link function in 

POLOPlus-PC software. Resistance ratios (RR50) and correspondent 95% confidence 

intervals (95%CI) were estimated in POLOPlus-PC dividing the estimated LC50s of R-

lab by the estimated LC50 of S-Lab2 within each synergist and insecticide combination 

(Robertson et al. 2007). The relative percent synergism (R%S50) was calculated 

according to methods described previously (Brindley and Selim 1984), which uses the 

logarithm of LC50s estimated by probit analysis and scale the synergistic effect that 

occurred in each population relative to the maximum synergistic effect expected. 
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Realized heritability of WCR bifenthrin resistance 

In the summer of 2014, 500 WCR adult males collected in Perkins County, NE and 

confirmed to be pyrethroid-resistant were crossed with 500 non-diapausing WCR virgin 

females purchased from Crop Characteristics, Inc., Farmington, MN. The cross was 

performed to obtain a non-diapausing WCR offspring (R-Lab) that would carry alleles 

conferring pyrethroid resistance and serve as a base population for laboratory selection. 

Non-diapausing females were chosen for the cross because it has been reported that 

the diapause characteristic arises mainly from a maternal contribution (Branson 1976, 

Krysan et al. 1977, Krysan 1978).  

The resulting population (R-Lab) was maintained under continuous rearing 

conditions (Wangila et al. 2015) in the Department of Entomology of the University of 

Nebraska-Lincoln. The second, fourth, sixth and seventh adult generations were 

selected for pyrethroid resistance by exposure to glass scintillation vials (Wheaton™, 

Thermo Fisher Scientific Inc., Waltham, MA, Cat. No. 03-340-25N) treated with a pre-

established bifenthrin diagnostic concentration (LC99) (Pereira et al. 2015). Vials were 

also treated with increasing bifenthrin concentrations to perform concentration-response 

bioassays and estimate the susceptibility of the fourth and eighth R-Lab adult 

generations. An analytical standard of bifenthrin diluted in acetone was used in all 

treatments and controls consisted of acetone-only treated vials.  

Ten unsexed WCR adults were individually transferred to treated vials at 48h post-

emergence and before mating. All treatments were maintained at a temperature of 

23 ± 1 °C and 13 ± 1h light period and mortality was recorded after 24h of exposure. 

Insects that did not respond to prodding or were unable to walk consistently when 
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placed ventral side down were considered dead. WCR adults surviving the LC99 of 

bifenthrin were maintained under the same lab rearing procedure. Mortality data 

collected from the fourth and eight generation of R-Lab concentration-response 

bioassays were analyzed by Probit analysis in POLOPlus-PC LeOra Software LLC 

(Finney 1971, Russell and Robertson 1979, LeOra 1987). Slopes and LC50 values were 

used to calculate the realized heritability of bifenthrin resistance (ℎ2) and the number of 

generations required for a 10-fold increase in LC50 (𝐺) following methods previously 

described (Tabashnik 1992).  

 

Results 

Screening for WCR kdr mutations 

WCR populations were screened for L1014, T929, and M918 kdr para-homologous 

mutations in the voltage-gated sodium channel gene (Figure 1). However, relative to the 

pyrethroid-susceptible population S-Lab1, no mutations were found for the targeted loci 

in any of the pyrethroid-resistant WCR populations tested (R-Lab, R-Field1, and R-

Field3). 

 

Enzyme activity of pyrethroid-resistant WCR populations 

Significant enzyme activity differences were observed in WCR populations (Fig 2). 

All pyrethroid-resistant WCR populations tested (R-Field1, R-Field2, R-Field3, and R-

Lab) showed a significantly higher activity of P450-dependent O-demethylation than the 

pyrethroid-susceptible population S-Field (Fig 2A). In addition, the O-demethylation 
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level was higher in field-derived populations R-Field2, R-Field3 than in the lab-derived 

resistant population R-Lab (Fig 2A).  

Relative to pyrethroid-susceptible S-Field, whole-body esterase activity using 𝑝-

nitrophenyl acetate was also significantly higher in pyrethroid-resistant WCR field 

populations R-Field1, R-Field2 and R-Field3, whereas R-Lab was not statistically 

different (Fig 2C). The whole-body esterase activity pattern observed for the WCR 

populations tested (Fig 2C) was consistently similar to that observed in WCR abdomen 

only (Fig 2D). Activity of glutathione S-transferase in whole-body homogenates towards 

1-Chloro 2,4-dinitrobenzene was not significantly different among WCR populations (Fig 

2B).  

 The in-gel esterase activity against -/-naphthyl acetate substrates (Fig 3) did 

not differ among WCR populations as clearly as the microplate assays using 𝑝-

nitrophenyl acetate (Fig 2). -naphthyl acetate provided a better esterase activity 

visualization than the -isomer and captured a faint uppermost esterase band that was 

only present in the pyrethroid-resistant WCR populations (Fig 3). Also, this uppermost 

esterase band seemed to be more active in R-Lab than in the pyrethroid-resistant field 

WCR populations R-Field1, R-Field2, and R-Field3 (Fig 3).  

 

Insecticide synergism 

Both WCR populations tested (R-Lab and S-Lab2) presented increased 

susceptibility to bifenthrin and dimethoate when the insecticide synergists PBO and 

DEF were used (Table 2). PBO reduced bifenthrin LC50 by ~4-fold for R-Lab and ~15-

fold for S-Lab2 providing a higher relative percent synergism (R%S50) for the later 
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(59.52%) than for the first (29.03%). The lower bifenthrin R%S50 observed for R-Lab 

under PBO treatment reflected in a calculated bifenthrin RR50 that significantly changed 

from 6.36- to 26.16-fold. The synergist DEF reduced bifenthrin LC50 ~3-fold for both 

populations tested with estimated R%S50s of 39.95% for R-Lab and 31.52% for S-Lab2. 

Bifenthrin RR50s estimated for either untreated or DEF-treated R-Lab were not 

significantly different from each other. In dimethoate bioassays, either PBO or DEF 

provided a LC50 reduction of ~2-fold for both WCR populations tested. Confidence 

intervals of dimethoate RR50s estimated for R-Lab under either PBO or DEF treatments 

were not significantly different than the correspondent untreated R-Lab control. 

However, PBO and DEF R%S50s were higher for R-Lab (41.73 and 26.79%, 

respectively) than for S-Lab2 (26.34 and 19.07%, respectively).  

 

Realized heritability of WCR bifenthrin resistance 

The laboratory selection experiment of WCR bifenthrin resistance provided all 

necessary parameters for realized heritability (ℎ2) estimation (Table 1). For a 0.61 

selection intensity (𝑖) with a phenotypic standard deviation (𝒑) of 0.41, the mean 

percentage surviving selection (𝑝) was 57.92 and mean selection differential per 

generation (𝑆) was 0.25. Based on three generations of laboratory selection and a 0.14 

response to selection (𝑅), the estimated ℎ2 of R-Lab bifenthrin resistance was 0.58. The 

number of generations required for a 10-fold increase in bifenthrin LC50 (𝐺) was 

estimated to be 6.7. 
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Discussion 

Field evolved WCR pyrethroid-resistance has been under investigation since 2014, 

but the mechanisms of the resistance trait are still unclear (Pereira et al. 2015, 2017, 

Souza 2019b, 2019a). Although it was suggested that target-site insensitivity was 

possibly part of the WCR pyrethroid-resistance mechanism, no point mutation was 

found in the present study at previously identified locations associated with kdr 

resistance in Colorado potato beetle and other insect species (Rinkevich et al. 2012, 

Dong et al. 2014). DNA-seq results collected here suggest that if there is any kdr 

mutation present in pyrethroid-resistant WCR, it would represent a novel mutation not 

previously identified within Chrysomelidae. A thorough screen of the voltage-gated 

sodium channel gene in pyrethroid-resistant WCR could potentially identify other kdr 

mutations associated with the resistance trait. 

 Previous research also suggested that enhanced metabolism could be 

contributing to WCR pyrethroid resistance (Pereira et al. 2017, Souza 2019b), and this 

study confirmed higher P450 and esterase activity in pyrethroid-resistant WCR 

populations. The fact that P450-dependent demethylation and esterase activity 

observed in the laboratory selected WCR population R-Lab were not as high as in 

pyrethroid-resistant field populations may indicate that some P450 and esterase genes 

could have been lost during introgression into a non-diapause background and selection 

process changing the pool of genes selected. Examining differences between lab-

selected and field-derived DDT-resistant Drosophila populations over-transcribing 

Cyp6g1, researchers found that continuous laboratory selection can co-select other 

P450 genes (Brandt et al. 2002, Seong et al. 2017). Furthermore, if the original gene is 
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removed from the population by population cross and backcross before selection, 

different P450 genes can be selected (Le Goff et al. 2003).  Differences in expression of 

P450 genes were also observed in other insect species when comparing lab-selected 

and field-derived pyrethroid-resistant populations (Yang et al. 2006), including up- and 

down-regulation of P450 genes (Yang and Liu 2011).  

It is also possible that isoenzymes with less specificity for the substrates used in 

the microplate assays could have been selected in the R-Lab populations. For example, 

conflicting results when using 𝑝-nitrophenyl acetate and -/-naphthyl acetate 

substrates to measure esterase activity were reported previously (Montella et al. 2007). 

In fact, the in-gel enzyme activity assay performed in this study with -naphthyl acetate 

might suggest that not only an esterase isozyme is active only in pyrethroid-resistant 

WCR populations, but also that it is more active in the laboratory selected population R-

Lab than in field populations. Multi-gene enzyme systems such as P450s and esterases 

exist in living organisms with differing specificities for endogenous substrates. These 

enzymes might not be discriminated in assays using traditional substrates and may 

require newer substrates that more closely mimic endogenous substrates of these 

enzymes as well as a complementary molecular investigation (ffrench-Constant et al. 

2004, Montella et al. 2012, Stitt and Gibon 2014). Application of antibody techniques 

(e.g. ELISA) and more complex enzyme kinetic analyses providing functional 

information about proteins (e.g. kcat, Km and Vmax values) could be further used to 

determine if differences in enzyme activity were due to properties of the enzyme itself or 

due to differing amounts of enzyme produced by WCR populations (Schilder et al. 2011, 

Stitt and Gibon 2014). Previous insecticide lab bioassays indicated that the level of 



109 

 

pyrethroid-resistance (RR50s) among all resistant WCR populations tested here was 

similar (Souza 2019b), which not only reinforces the possible involvement of multiple 

enzyme systems, but also that kdr mutation(s) could still be an important contributor to 

WCR pyrethroid resistance. 

The compounds DEF and PBO are widely used as insecticide synergists due to 

their ability to inhibit esterase and P450 detoxification systems, respectively (Metcalf 

1967). Both bifenthrin and dimethoate LC50s were reduced in the lab selected WCR 

population (R-Lab) after pre-treatment with PBO and DEF suggesting that 

correspondent enzymes inhibited may be contributing to both bifenthrin and dimethoate 

reduced toxicity observed previously in the same population (Souza 2019b). 

Nevertheless, it is important to remember that synergists used are not completely 

specific to a single enzyme class and can provide both inhibition and induction 

depending on the dose administered and target species population (Scott et al. 1998, 

Snoeck et al. 2017). For example, DEF was shown to not inhibit carboxylamidase in 

Spodoptera frugiperda (Smith) larvae (Yu and Nguyen 1998) and to act as an inhibitor 

of P450s in Blatella germanica (L.) (Sanchez-Arroyo et al. 2001). Furthermore, PBO 

was shown to act as an inhibitor of esterases (Young et al. 2005, 2006, López‐Soler et 

al. 2011) and to induce expression of several P450s, including those from the CYP6 

family usually implicated in conferring resistance in insect pests (Daborn et al. 2002, 

Amichot et al. 2004, Willoughby et al. 2007, Chiu et al. 2008, Müller et al. 2008, Puinean 

et al. 2010, Zhu et al. 2010, Chan et al. 2014, Zimmer et al. 2017).  

Higher PBO synergism provided in the susceptible population during bifenthrin 

bioassays suggests a more pronounced enzyme inhibition in that population, which was 
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previously observed in synergism bioassays performed with other insect species 

(Huang et al. 2010, Malek Mohamadi et al. 2010). However, it is possible that while 

some enzymes were inhibited in both populations tested, other enzymes could have 

been somewhat induced in the lab selected population following PBO treatment as a 

compensation strategy to minimize the effect of reduced enzyme activity (Chan et al. 

2014, Snoeck et al. 2017). For example, Zimmer et al., (2017) showed that exposing a 

pyrethroid-resistant population of whitefly Bemisia tabaci (Gennadius) to 

PBO+cypermethrin mixture increased its susceptibility to cypermethrin (lower the LC50 

values), but also upregulated the expression of the P450 gene Cyp6cm1. RNA-seq 

analysis following treatment with synergists could possibly clarify their effect on WCR 

genome-wide transcription. 

 The laboratory selection of a non-diapausing pyrethroid-resistant WCR 

population and realized heritability (ℎ2) estimation performed in this study was a pilot 

investigation that suggests that bifenthrin resistance phenotypic variance is due to 

genetic factors, and that a substantial increase in WCR resistance could be expected 

after ~7 generations of insecticide exposure. The value of ℎ2 is not constant as it tends 

to decline once homozygotes are accumulated after selection and variation becomes 

fixed (Johnson 1979). Also, the ℎ2 estimate does not necessarily apply to other WCR 

populations since heritability is a population parameter that depends on population 

specific factors such as allele frequencies under defined insecticide selection intensities 

(Falconer 1989, Shi et al. 2015). The cross between a non-diapause susceptible and a 

field-derived resistant WCR population may have changed the initial frequency of 

resistant alleles in the selected population thereby impacting the heritability estimate. A 
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more rigorous study involving simultaneous selection of multiple WCR populations could 

provide the estimation of errors and confidence intervals associated with the heritability 

parameter. However, the ℎ2 estimated can be used to generate predictions about WCR 

response to bifenthrin resistance selection and provides evidence of the potential WCR 

pyrethroid resistance evolution. 

We conclude that increased P450s and esterase activity in pyrethroid-resistant 

WCR are likely part of the resistance mechanism along with kdr sodium-channel 

mutation(s) not previously observed in Chrysomelidae. Additional work is needed to 

investigate other potential kdr sites in the sodium channel gene of pyrethroid-resistant 

WCR and to also identify the P450’s and esterase isozymes expressed differently in 

pyrethroid-resistant WCR populations.  High-Throughput RNA-Sequencing in progress 

will significantly contribute to the molecular characterization of WCR pyrethroid 

resistance (see Chapter 5). Our pilot analysis of WCR selection for resistance suggests 

that WCR has substantial potential for achieving increasing pyrethroid resistance levels 

in the field within a relatively short period of time. This reinforces the importance of 

considering WCR resistance management strategies within IPM programs, especially in 

areas of the US western Corn Belt where WCR pyrethroid resistance was confirmed. 
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Tables and Figures 

 

Table 1. Estimation of realized heritability (ℎ2) for bifenthrin resistance in a laboratory selected WCR population. 

No. of 

generations 

selected (𝒏) 

Mean selection response per generation  Mean selection differential per generation 
𝒉𝟐 

Initial log LC50 Final log LC50 𝑹 
 

𝒑 𝒊 
Initial 

slope 

Final 

slope 
(𝒑) 𝑺 

3 0.01 0.44 0.14  57.92 0.61 3.33 1.58 0.41 0.25 0.58 

𝑖 = selection intensity; 𝒑 = phenotypic standard deviation; 𝑝 = mean percentage surviving selection; 𝑆 = mean selection 

differential per generation; 𝑅 = response to selection 
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Table 2. Susceptibility of pyrethroid-resistant (R-Lab) and pyrethroid-susceptible (S-Lab2) WCR adult populations to 

bifenthrin and dimethoate active ingredients following or not topical treatment with insecticide synergists PBO and DEF. 

Insecticide Population Synergist Na Slope±SE LC50 (95% CI) b ² (d.f) R%S50
c RR50 (95% CI)c 

Bifenthrin 

S-Lab2 

None 149 3.24±0.43 0.61 (0.50-0.73) 2.30 (3) -  

PBO 240 2.04±0.27 0.04 (0.03-0.05) 2.07 (5) 59.52 - 

DEF 180 3.22±0.48 0.26 (0.20-0.32) 1.76 (4) 31.52  

R-Lab 

None 152 2.13±0.27 3.89 (2.89-5.14) 1.38 (3) - 6.36 (4.54-8.90) 

PBO 210 2.60±0.44 1.03 (0.68-1.38) 2.83 (5) 29.03 26.16 (16.92-40.30) 

DEF 212 3.11±0.44 1.32 (1.04-1.63) 1.16 (5) 39.95 5.16 (3.76-7.07) 

Dimethoate 

S-Lab2 

None 150 4.42±0.65 0.35 (0.30-0.41) 1.26 (3) -  

PBO 181 3.66±0.49 0.21 (0.17-0.25) 0.37 (3) 26.34 - 

DEF 180 5.17±0.80 0.25 (0.20-0.32) 3.06 (4) 19.07  

R-Lab 
None 359 3.72±0.54 1.46 (1.18-1.72) 0.21 (4) - 4.17 (3.26-5.33) 
PBO 360 2.81±0.36 0.65 (0.46-0.89) 1.08 (4) 41.73 3.16 (2.40-4.16) 
DEF 360 2.47±0.29 0.91 (0.73-1.12) 1.12 (4) 26.79 3.60 (2.62-4.94) 

           a number of insects tested; b μg a.i/vial; c relative percent synergism; 
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Figure 1. Screening of pyrethroid-resistant (R-) and pyrethroid-susceptible (S-) WCR 

populations for kdr mutations. Data shows partial DNA-seq alignment of PCR product 

sequences amplifying three kdr loci (L1014, T929, and M918). 
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Figure 2. Enzyme-specific activity of WCR populations. (A) O-Demethylation by cytochrome P450 monooxygenases 

𝐹4,10=11.08, 𝑝=0.0011; (B) Glutathione S-transferase 𝐹4,10=1.17, 𝑝=0.3799; (C) Esterase 𝐹4,10=13.44, 𝑝=0.0005; (D) 

Esterase (abdomen) 𝐹4,10=12.27, 𝑝=0.0007. Means followed by the same letter were not statistically different at the 

significance level =0.1. 
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Figure 3. In-gel (SDS-PAGE) whole body esterase activity of WCR populations for (A) 

α-naphtyl acetate and (B) β–naphtyl acetate. 
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CHAPTER 5. MOLECULAR CHARACTERIZATION OF WESTERN CORN 

ROOTWORM PYRETHROID RESISTANCE 

 

Introduction 

Estimates of more than 1 billion dollars a year have been associated with yield 

losses and management costs of the western corn rootworm (WCR), Diabrotica virgifera 

virgifera LeConte (Coleoptera: Chrysomelidae), in the United States (US) (Sappington 

et al. 2006, Dun et al. 2010, Wechsler and Smith 2018). Without proper adoption of 

resistance management and integrated pest management (IPM) practices, populations 

of this major pest of maize (Zea mays L.) have been continuously adapting to control 

tactics used thus far (Gray et al. 2009). Particularly in the US western Corn Belt, limited 

rotation of WCR management strategies and increased reliance on pyrethroid aerial 

applications have been imposing high selection pressure on WCR populations (Wangila 

et al. 2015, Archibald et al. 2018). As a result, several WCR populations in 

southwestern Kansas and Nebraska have developed resistance to pyrethroids 

significantly impacting the performance of major insecticide formulations used for WCR 

control (Pereira et al. 2015, Souza 2019a, 2019b).  

The toxicity of pyrethroids depends mainly on the level of exposure and their 

ability to bind and disrupt voltage-gated sodium channels of animal nerves, although 

information has been published on secondary target sites like voltage-gated calcium 

and chloride channels (Ray et al. 1996, Hildebrand et al. 2004, Symington and Clark 

2005, Breckenridge et al. 2009, Soderlund 2011). Mutations in the insect voltage-gated 

sodium channels can lead to reduced sensitivity of the nervous system to pyrethroid 

insecticides, and consequently to so called knockdown resistance (kdr) (Soderlund and 
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Knipple 2003, Soderlund 2011). A variety of nonsynonymous amino acid substitutions in 

the sodium channel gene have been identified as kdr mutations conferring pyrethroid 

resistance to insects (Dong et al. 2014). Since pyrethroids and DDT (dichloro-diphenyl-

trichloroethane) share the same target site, kdr mutations may also provide cross-

resistance between these two insecticides (Williamson et al. 1993, Chandre et al. 1998, 

Schuler et al. 1998, Brengues et al. 2003, Enayati et al. 2003, Rodríguez et al. 2005).  

The amount of insecticide that directly interacts with sodium channels is 

significantly lower than the total insect exposure due to insects’ elaborate system of 

enzymes such as cytochrome P450 microsomal monooxygenases (P450s), esterases 

and glutathione S-transferases that metabolize and detoxify xenobiotic compounds (Yu 

2014). A number of instances of pyrethroid resistance in arthropods are related to 

enhanced metabolism involving esterases (Dowd et al. 1987, Sogorb and Vilanova 

2002, Young et al. 2005, 2006, Kamita et al. 2016), P450s (Lee and Scott 1989, 

Pittendrigh et al. 1997, Kasai and Scott 2000, Nikou et al. 2003, Zhu and Snodgrass 

2003, Yang et al. 2006, Djouaka et al. 2008, Bariami et al. 2012, Stevenson et al. 2012) 

and glutathione S-transferase (Fragoso et al. 2003, 2007, Lumjuan et al. 2011, Chigure 

et al. 2018).  

It was previously reported that WCR resistance to pyrethroids was not only 

partially suppressed by inhibitors of esterases and P450s but also provided WCR cross-

resistance to DDT (Pereira et al. 2017). Furthermore, the activity of cytochrome P450 

monooxygenases and esterases measured in microplate enzyme kinetic assays was 

found to be higher in pyrethroid-resistant WCR populations (Souza 2019c). Collectively, 

these investigations suggest that both enhanced metabolism and target site insensitivity 
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to pyrethroids (kdr mutations) may be mechanisms of WCR pyrethroid resistance 

(Pereira et al. 2017, Souza 2019c). The current study was conducted to test this 

hypothesis and to characterize the differential gene expression of pyrethroid-resistant 

WCR individuals. 

 

Methods 

WCR populations 

Four WCR adult populations were tested throughout this study. In 2016, WCR 

beetles were collected from Saunders County, NE (S-Field) and Keith County, NE (R-

Field) representing pyrethroid-susceptible and pyrethroid-resistant field populations, 

respectively. A pyrethroid-resistant lab population (R-Lab) that was originally collected 

from Perkins County in 2014 and then reared in a non-diapause background for nine 

generations under adult bifenthrin selection (Souza 2019c) was also included and 

compared to a non-diapausing control population purchased from Crop Characteristics, 

Inc., Farmington, MN (S-Lab). Both field collected and lab populations were reared 

simultaneously for one generation prior to testing using standard lab rearing procedures 

(Wangila et al. 2015). All populations were maintained under laboratory conditions of 

23 ± 1 °C and 13 ± 1 h photophase in the Department of Entomology, University of 

Nebraska, Lincoln, NE. In 2017, WCR beetles (48h-old) were collected from rearing 

cages, transferred to individual Eppendorf tubes, flash-frozen in liquid nitrogen and 

stored in a -80ºC freezer until use for RNA and DNA extractions.   

 

 



125 

 

RNA extraction and library preparation 

Total RNA was individually extracted from ten whole adults of each WCR 

population tested (1:1 sex ratio) using a Qiagen RNeasy mini kit (Germantown, MD, Cat 

No. 74104) according manufacturer’s instructions. RNA concentration and quality were 

determined by spectrophotometry using a Nanodrop 2000 (Thermo Scientific™, 

Waltham, MA) and fluorimetry using Qubit (Thermo Scientific™, Waltham, MA). Also, an 

Agilent 2100 Bioanalyzer (Santa Clara, CA) was used for assessment of the relative 

RNA Integrity Number (RINe) quality metric. Barcoded mRNA-seq libraries were 

prepared by polyA selection and sequenced in three lanes of Illumina HiSeq 4000 to an 

expected sequencing depth of ~26 million reads per sample.  

 

Gene expression analysis 

A suite of free tools provided by the national cyberinfrastructure CyVerse in the 

Discovery Environment (Goff et al. 2011, Merchant et al. 2016) was used for the RNA-

seq analyses. Data analysis of laboratory and field populations followed the same 

workflow in separate pairwise comparisons. Low quality bases and Illumina adapter 

sequences were trimmed from paired reads using the Trimmomatic 0.36 program 

(Bolger et al. 2014), with the following parameters: 

ILLUMINACLIP:contaminants:2:30:10, LEADING:3, TRAILING:3, HEADCROP:7, 

CROP:138, SLIDINGWINDOW:5:20, MINLEN:50. FastQC 0.11.5 (Andrews 2016) was 

used to evaluate the qualities of raw and trimmed sequencing data. Trimmed reads 

were aligned to a WCR genome under development not yet publicly available 

(WCR_genome.fa) using HISAT2 2.1 (Kim et al. 2015) and transcripts assembled with 
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StringTie 1.3.3 (Pertea et al. 2015). A single transcript sequence was obtained using 

StringTie 1.3.3-merge (Pertea et al. 2016) and used to build an index file in Kallisto 

0.42.3-index (Bray et al. 2016). An alignment-free transcript quantification approach was 

then performed for each paired-reads using Kallisto 0.42.3-quant (Bray et al. 2016) with 

100 bootstrap iterations to provide a measure of the accuracy of the quantification by 

random resampling with replacement. Pairwise comparisons of Kallisto quantification 

outputs were made between pyrethroid-resistant and pyrethroid-susceptible populations 

using sleuth 0.29.0 package (Pimentel et al. 2017) in R 3.5.0 software (R Foundation for 

Statistical Computing, Vienna, Austria). A likelihood ratio test (LRT) was performed to 

verify goodness of fit of transcripts to the full statistical model that considers the 

pyrethroid resistance status as a factor. Considering a correction of p-values for type I 

error of false positives, i.e. false discovery rate (FDR) correction, expression levels with 

q-value ≤ 0.05 were determined significant. Significantly diferentially-expressed 

transcripts were translated into amino acid sequences using EMBOSS Transeq 

(https://www.ebi.ac.uk/Tools/st/emboss_transeq/) (Rice et al. 2000). Sequence similarity 

searches were performed for longest open reading frames (ORFs) of significant 

transcript sequences on BLASTp (Altschul et al. 1997) and InterPro Scan (Jones et al. 

2014). Also, local protein sequence alignment between some significant transcripts 

were performed in EMBOSS Water (https://www.ebi.ac.uk/Tools/psa/emboss_water/) 

(Rice et al. 2000) with default settings (matrix:BLOSUM62; gap penalty:10; and 

extension penalty:0.5) to verify similarity between them. 

 

 

https://www.ebi.ac.uk/Tools/st/emboss_transeq/
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WCR voltage-gated sodium channel gene screening 

 Voltage-gated sodium channel amino acid sequences from Colorado potato 

beetle (CPB) Leptinotarsa decemlineata (Say) and Asian longhorned beetle (ALB) 

Anoplophora glabripennis (Motschulsky) were used to localize homologous sequences 

in the WCR transcriptome. Similarity searches were performed with local tBLASTn 

where the CPB and ALB protein sequences available in the NCBI (Accessions: 

XP_023023069.1 and XP_018568941.1, respectively) were used as queries and the 

WCR_genome.fa was used as database. Contigs identified in tBLASTn were filtered 

from HISAT2 alignment bam files and then merged using Samtools 1.7 (Li et al. 2009) 

available in the Discovery Environment of CyVerse (Goff et al. 2011, Merchant et al. 

2016). The resulting merged file was screened for non-synonymous nucleotide 

substitutions in Tablet 1.17.08.17. (Milne et al. 2013) using the visual application for tag 

variants. Furthermore, the sequences from CPB and ALB used earlier in tBLASTn were 

aligned to sequences extracted from WCR sodium channel contig and to the sodium 

channel sequence of housefly Musca domestica L. (Vssc1) deposited in GenBank 

(Acession No: AAB47604) using T-Coffee (https://www.ebi.ac.uk/Tools/msa/tcoffee/) 

(Notredame et al. 2000). The predictions of WCR sodium channel domain structures 

and transmembrane segments were performed with SMART (http://smart.embl-

heidelberg.de/) (Letunic and Bork 2017), HMMER 

3.2.1(https://www.ebi.ac.uk/Tools/hmmer/) (Finn et al. 2011, Potter et al. 2018) and 

TMHMM v.2.0 (http://www.cbs.dtu.dk/services/TMHMM/) (Krogh et al. 2001). 

 

 

https://www.ebi.ac.uk/Tools/msa/tcoffee/
http://smart.embl-heidelberg.de/
http://smart.embl-heidelberg.de/
https://www.ebi.ac.uk/Tools/hmmer/
http://www.cbs.dtu.dk/services/TMHMM/
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DNA Sanger sequencing kdr investigation 

The location of non-synonymous substitutions found in the voltage-gated sodium 

channel screening, numbered L1422 and I1558 in Vssc1, were investigated in WCR 

populations in greater detail by DNA Sanger sequencing. Genomic DNA was extracted 

individually from ten adults (1:1 sex ratio) of each WCR population using a Qiagen 

DNeasy kit (Germantown, MD, Cat No. 69504) according to the manufacturer’s 

instructions. Polymerase chain reactions (PCR) were performed in a 50 μL final reaction 

volume containing 2.0 μL of template DNA, 1u of GoTaq® Flexi DNA polymerase, 1× 

Colorless GoTaq® Flexi buffer (Promega, Madison, WI, Cat No. M8291), 0.2 mM dNTP, 

1.5 mM MgCl2 and 0.2 μM of each primer. The PCR temperature profile for each 

fragment included an initial heating step at 95 °C for 2 min, followed by 35 cycles of 

94 °C for 30 s, annealing temperatures for 90 s, 72 °C for 1 min, and a final extension of 

60 °C for 30 min. The forward (5’- CCTTAAACCGTCACTGGCAG-3’) and reverse (5’- 

ACAAGCATTCACATCAGGGA-3’) primers were used with an annealing temperature of 

59 °C to amplify a ~493 bp region surrounding the site L1422. Also, forward (5’- 

TGAGCAGATGGGACGTGAAT-3’) and reverse (5’-TTCGCACCACCCTAATGACT -3’) 

primers were used with an annealing temperature of 56 °C to amplify a ~360 bp region 

surrounding the I1558 location. Primers were designed in Primer3web version 4.0.0 

(Koressaar and Remm 2007, Untergasser et al. 2012). DNA concentration and quality 

before and after PCR were determined by Nanodrop 2000 (Thermo Scientific™, 

Waltham, MA). PCR products were analyzed by 1.3% agarose gel electrophoresis, 

purified with QIAquick PCR Purification Kit and sequenced by Genewiz, South 

Plainfield, NJ with the Applied Biosystems (ABI) 3730 DNA Analysis Instrument (Life 
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Technologies, Grand Island, NY). Sequences were aligned and mapped to the WCR 

sodium channel gene contig using Geneious Basic 5.6.7 (Kearse et al. 2012), and 

screened for targeted kdr polymorphisms 

 

Results 

RNA extraction and library preparation 

All RNA samples used for library preparation were of high integrity with an average 

A260/A280=2.12 and RINe = 10. The Illumina HiSeq platform produced a total of 1.29 

billion paired-reads of 150bp in length yielding 389,876 Mbases of a mean quality score 

37.96 (91% Bases≥ Q30). An average of 32.3±0.5 (SE) million reads were produced per 

library. Illumina sequencing data from this study have been submitted to the NCBI 

BioProject (https://www.ncbi.nlm.nih.gov/bioproject) under accession number 

PRJNA430262. These data are also available from the NCBI Sequence Read Archive 

(SRA; https://www.ncbi.nlm.nih.gov/sra) under accession numbers that go from 

SRX3594800 to SRX3594839. 

 

Gene expression analysis 

Out of 53,929 transcripts from WCR field populations, seven were differentially 

expressed and expressed at a higher level in R-field compared to S-Field population (q-

value ≤ 0.05) (Supplementary Table 1 and 3). Similarity searches of translated amino 

acid sequences predicted that three were cytochrome P450 monooxygenases (P450(1-

3Field), two were transcription factors, and one was a junctophilin (Figure 1). The 

transcript mean abundance of P450(1Field), P450(2Field) and P450(3Field) were 9.2-, 11.8- 
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and 26.2-times greater in R-Field than in S-Field, respectively (Figure 1). The two 

transcription factor candidates were 8.5- and 23.9-times more abundant in R-Field. The 

mean abundance of predicted junctophilin (100% identity and query cover to either ALB 

or CPB in BLASTp) was 10.7-times greater in R-Field than in S-Field.  No sequence 

similarity was found for one of the significant transcripts overexpressed in R-Field.  

For pairwise comparison between laboratory populations S-Lab and R-Lab, 

47,255 transcripts were analyzed and 99 exhibited significantly different expression (q-

value ≤ 0.05). A total of 64 transcripts were expressed at a higher level in pyrethroid-

resistant R-Lab whereas 35 were expressed at a lower level in the same population 

(Supplementary Table 2 and 3). Protein similarity searches suggest that ten transcripts 

differentially expressed in lab-derived populations were P450s (P450(1-10Lab)) (Figure 2) 

and for eight of them (P450(1-8Lab)), the mean abundance in R-Lab was 2.7 to 39.8 times 

greater than in S-Lab (Table 1). In general, functions predicted for transcripts 

overexpressed in R-Lab were: oxidation; hydrolysis; proteolysis; transport; DNA 

transcription; nervous system activity; immune response; membrane barrier; catalysis; 

and cell division (Table 2). Two P450s (P450(9-10)Lab) and three enzymes also involved in 

oxidative metabolic processes appear to be underexpressed in R-Lab along with 13 

other predicted proteins (Table 2). The mean abundance of P450(9)Lab and P450(10)Lab 

was 22.6 and 9.5 times lesser in R-Lab than in S-Lab, respectively (Figure 2 and Table 

1). No sequence similarity was found in protein search databases for 23 significant 

transcripts (17 underexpressed and 6 overexpressed in R-Lab), and thus remain with 

unknown identity and function.  
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The longest and most complete P450 transcript sequences (~500 aa) 

differentially expressed in WCR populations were P450(3)Lab (499 aa), P450(6)Lab  (499 

aa) and P450(8)Lab (442 aa). All remaining P450 transcripts were translated into shorter 

amino acid sequences (<300 aa). P450(3)Lab presented 100% identity to P450(2)Lab, 88.4-

99.3% identity to P450(1-3)Field and P450(4-5)Lab, and 36.5-51.9% identity to remaining 

P450 transcripts (Table 3). P450(6Lab) showed 98.5% identity to P450(10Lab) and 29.2-

51.7% identity to all other P450s differentially expressed in WCR populations (Table 3). 

The identity between P450(8)Lab and all other P450 transcripts varied from 25.8 to 53.1% 

(Table 3). Protein search databases revealed that all P450s differentially expressed in 

either field-derived or lab-derived WCR populations presented >40% sequence identity 

to CYP6-like hits (Supplementary Table 1 and 2).   

 

WCR voltage-gated sodium channel gene screening 

Two potential non-synonymous substitutions were found in the voltage-gated 

sodium channel gene of some R-Lab and R-Field individuals when screening the RNA-

seq reads against the WCR genome. Locations of substitutions were L1422P and 

I1558A in Vssc1 (Supplementary Fig. 1), which could be kdr mutations not reported 

previously in pyrethroid-resistant insects. However, the sequencing coverage at those 

regions was too low to enable confirmation. Sodium channel domain structures and 

transmembrane segments were predicted (Supplementary Fig. 1) along a 2042 amino 

acid sequence for WCR (Supplementary Fig. 2). 
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DNA Sanger sequencing kdr investigation 

Relative to the pyrethroid-susceptible individuals from populations S-Lab and S-

Field, no mutations were found for the L1422P and I1558A loci in pyrethroid-resistant 

WCR. However, the 360bp PCR product covering the I1558 locus did not amplify in all 

WCR samples (Figure 3) and therefore fewer sequences (14 out of 40) were compared 

at this locus. 

 

Discussion 

This study supports the idea that constitutive enhanced metabolism is a 

mechanism of WCR pyrethroid resistance and suggests that P450s may play a major 

role in the resistance trait relative to other detoxification enzymes. Although several 

hydrolytic enzymes were differentially expressed in lab-derived WCR populations, 

P450s were the only metabolism-related proteins differentially expressed in field-derived 

WCR populations. In fact, nearly 50% of transcripts differentially expressed in the field-

derived pyrethroid-resistant WCR population were overexpressed P450s as well as 

~13% of transcripts overexpressed in the lab selected pyrethroid-resistant WCR 

population. Enhanced oxidative metabolism resulting from the overproduction of P450 

enzymes has been commonly observed in pyrethroid-resistant arthropods  (Pittendrigh 

et al. 1997, Kasai and Scott 2000, Zhu and Snodgrass 2003, Yang et al. 2006, Djouaka 

et al. 2008, Adelman et al. 2011, Bariami et al. 2012) since it accelerates the production 

of metabolites that are less toxic, less stable and that cannot reach the target site of 

action (Yu 2014).  
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The overexpression of P450s observed in resistant insects may be derived from 

gene amplification or upregulation of expression often promoted by substitutions, 

insertions and deletions in promoter sequences and/or regulatory loci (Li et al. 2007, 

Puinean et al. 2010, Bass et al. 2013). Further investigation is necessary to identify not 

only the mechanism behind P450s overexpression in pyrethroid-resistant WCR but also 

specific P450 genes involved. Most P450 proteins are ~500 amino acids long 

(Feyereisen 1999) and the fact that the majority of P450 transcripts differentially 

expressed in WCR populations were translated in ~200 amino acid sequences may 

indicate that they were fragments of longer sequences. Although incomplete sequences 

can prevent the identification of the encoding P450 genes, all P450s differentially 

expressed shared >40% similarity to CYP6 hits in protein search databases. Results 

from multiple alignments and the variable expression observed between them suggest 

that multiple P450 genes may be involved. Also, differences in percent identity of amino 

acid sequences may suggest that P450s overexpressed in the field-derived pyrethroid-

resistant population are related but not necessarily the same P450 genes 

overexpressed in the WCR population selected for pyrethroid resistance in the 

laboratory. This supports previous research results that showed differences of P450-

mediated O-demethylation comparing lab-selected and field-derived pyrethroid-resistant 

WCR populations in enzyme activity microplate assays (Souza 2019c). 

Differences in expression of P450 genes were observed in Helicoverpa armigera 

(Hübner)  when comparing lab-selected and field-derived pyrethroid-resistant 

populations (Yang et al. 2006), including up- and down-regulation of P450 genes (Yang 

and Liu 2011). Examining differences between lab-selected and field-derived DDT-
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resistant Drosophila populations over-transcribing Cyp6g1, researchers found that 

continuous laboratory selection can co-select other P450 genes (Brandt et al. 2002, 

Seong et al. 2017), and if the original region encompassing Cyp6g1 is removed by 

population cross and backcross before selection, different P450 genes can be selected 

(Le Goff et al. 2003).  It is possible that some P450 alleles upregulated in the pyrethroid-

resistant WCR populations could have been lost in the lab-selected WCR population 

during introgression into a non-diapause background. Further investigations would be 

necessary to test this hypothesis. 

Pyrethroids bind to voltage-gated sodium channels causing a delay in channel 

closing, and prolonged sodium inactivation (Yu 2014). Repetitive action potentials are 

generated across neurons finally disrupting the normal flow of information to the central 

nervous system. Some proteins with functions in the nervous system were also 

differentially expressed in the pyrethroid-resistant WCR populations tested, which could 

play a role in insecticide resistance trait. Junctophilin, overexpressed in the field-derived 

pyrethroid-resistant WCR population, is a protein commonly found in human excitable 

cells such as neurons where it is involved in coupling membrane neurotransmitter 

receptors and intracellular channels (Landstrom et al. 2014). A study showed that a 

junctophilin gene from fruit fly Drosophila melanogaster Meigen is functionally 

equivalent to mammal homologues and that flies with altered junctophilin expression 

also have marked neuronal alterations (Calpena et al. 2018). The predicted E3 

ubiquitin-protein ligase and neprilysin, overexpressed in the lab-selected pyrethroid-

resistant WCR populations, also play a role in the nervous system of insects. 

Overexpression of E3 ubiquitin-protein ligase gene in Drosophila glial cells was found to 
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cause synaptic impairments and down regulation of Na+/K+ pumps (Hope et al. 2017) 

whereas neprilysin modulates neuronal activity, viability and survival (Bland et al. 2008, 

Meyer et al. 2009, Klein et al. 2013). 

The number of targets differentially expressed in the R-Lab population was 

higher when comparing laboratory WCR populations, which may support the theory that 

artificial insecticide selection favors a polygenic response (Georghiou 1972, Roush and 

McKenzie 1987). Several hydrolytic enzymes and ABC transporters commonly 

associated with insecticide resistance (Devonshire and Moores 1982, Sogorb and 

Vilanova 2002, Zhou et al. 2004, Bariami et al. 2012, Carvalho et al. 2013) were 

overexpressed in the lab-selected WCR population whereas their expression does not 

appear to be significantly different in the field resistant population. Results found in the 

present study indicate that although laboratory selection of pyrethroid-resistant WCR 

populations is useful for predictions and investigations of resistance mechanisms, the 

heterogeneity and population dynamics present in the field are more likely to provide 

conditions for selection of rare variants corresponding to resistance (Meinke et al. 2009, 

ffrench-Constant 2013).  

This study did not detect kdr mutations in pyrethroid-resistant WCR populations. 

However, the RNA sequencing coverage of the WCR sodium channel was too low to 

enable a thorough screen. Previous research found DDT cross-resistance in pyrethroid-

resistant WCR (Pereira et al. 2017) and in most cases this is an indication of kdr 

mutations in the target site (Williamson et al. 1993, Pittendrigh, Reenan, et al. 1997, 

Martinez-Torres et al. 1999, Brooke 2008). However, overexpression of some P450s, 

such as Cyp6g1 have also beenassociated with DDT cross-resistance (Daborn et al. 
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2001, 2002, Brandt et al. 2002, Le Goff et al. 2003). It is possible that one or more 

P450s overexpressed in pyrethroid-resistant WCR populations could be contributing to 

the DDT cross-resistance observed. 

Understanding the molecular basis of WCR pyrethroid resistance is critical to 

implement efficient resistance management strategies and to develop protocols for 

resistance detection. This study revealed that P450-mediated detoxification is probably 

a major mechanism positively selected in pyrethroid-resistant WCR populations, which 

could have an important impact on the efficacy of other insecticides sharing similar 

metabolic pathways. WCR resistance monitoring is recommended and the P450 genes 

differentially expressed in this study could be further characterized and used for that 

purpose. A single tactic approach to manage WCR is unlikely to be sustainable and the 

integration of insecticides with biotechnological and cultural approaches, such as 

rootworm-resistant transgenic maize and crop rotation, is necessary to prolong the 

durability of technologies available.  
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Tables and Figures 

 

Table 1.  Differential expression of P450 transcripts in pairwise comparison of lab-

derived WCR populations known to be susceptible (S-Lab) or resistant (R-Lab) to 

pyrethroids. 

P450 candidate Transcript ID 

Abundance ratio 

R‐Lab(TPM)

S‐Lab(TPM)
⁄ a 

P450(1)Lab MSTRG.19112.1 39.06 

P450(2)Lab MSTRG.63174.1 28.14 

P450(3)Lab MSTRG.22143.1 22.32 

P450(4)Lab MSTRG.71693.1 47.18 

P450(5)Lab MSTRG.59366.1 39.84 

P450(6)Lab MSTRG.36287.1 2.70 

P450(7)Lab MSTRG.3101.1 8.71 

P450(8)Lab MSTRG.24813.1 7.28 

P450(9)Lab MSTRG.56151.1 0.04 

P450(10)Lab MSTRG.66987.1 0.12 

a 𝑇𝑃𝑀 = mean abundance in transcripts per million (TPM) units 
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Table 2. Predicted identity and function of transcripts differentially expressed (q-value ≤ 

0.05) in the pyrethroid-resistant laboratory population R-Lab. 

Predicted 
function 

Proteins predicted (No. of targets) 

Overexpressed Underexpressed 

Oxidation P450s (8) 
P450s (2), Lysyl oxidase (1), 

Glyoxylate/hydroxypyruvate reductase 
(1), Sorbitol dehydrogenase (1) 

Hydrolysis 

Carboxypeptidase (1), maltase (1), 
beta-hexosaminidase (1), chitinase (1), 
aldose-epimerase (1), myrosinase (1), 

glycoside hydrolase (1) 

Myrosinase (1), beta ureidopropionase (1) 

Conjugation  Glutathione S-transferase (1) 

Proteolysis Cysteine proteinases (2)  

Transporter 
ABC transporters (4), sugar 

transporters (2), peptide transporters 
(4) 

 

Transcription 
factors 

Zinc finger type proteins (4), Nuclear 
factor NF-kappa-B p110 subunit-like 

(1), Transcription activator MBF2 
family (1) 

Zinc finger type proteins (2) 

Nervous 
system 

E3 ubiquitin-protein ligase MYCBP2 
(1), neprilysin (1) 

 

Immune 
response 

Coleoptericin (1), Leucine-rich repeat 
protein SHOC-2-like (1) 

 

Membrane 
barrier 

Tetraspanin-2A (1)  

Catalysis 
Uridine phosphorylase (1), Glutamine-

fructose-6-phosphate 
aminotransferase 2 (1) 

 

Cell division Protein skeletor, isoform B/C (1) Dynactin subunit 2 (1) 

Other 
Reverse transcriptase (3), Laminin 

subunit gamma-1-like (1), Galectin (1), 
mucin (1) 

Reverse transcriptase (2), heat shock 
protein beta-1 (1), elongation factor Tu 
(1), retrovirus-related Pol polyprotein 
LINE-1 (1), Alpha-tocopherol transfer 

protein-like (1), Asialoglycoprotein 
receptor 2/C-type lectin precursor (1) 
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Table 3. Percent identity matrix of local alignments performed for P450s differentially 

expressed in WCR populations. 

 

P450 

Transcripts 

Longest transcripts (>400 aa) 

P450(3)Lab P450(6)Lab P450(8)Lab 

P450(1)Field 99.3 51.7 50.3 

P450(2)Field 93.7 47 45.6 

P450(3)Field 88.9 48.5 50.3 

P450(1)Lab 88.4 48.2 50.3 

P450(2)Lab 100 29.2 25.8 

P450(3)Lab * 41.9 39.6 

P450(4)Lab 98.7 47.7 46.2 

P450(5)Lab 93.7 47 45.6 

P450(6)Lab 41.9 * 51.7 

P450(7)Lab 38.1 41.2 42.7 

P450(8)Lab 39.6 51.7 * 

P450(9)Lab 36.5 35.6 34.1 

P450(10)Lab 51.9 98.5 53.1 
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Figure 1. Differential expression of transcripts in pairwise comparison of field-derived 

WCR populations known to be susceptible (S-Field) and resistant (R-Field) to 

pyrethroids. Data shows the transcript mean abundance in transcripts per million (TPM) 

units ±SE and their identity predicted by protein similarity search databases. 
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Figure 2. Differential expression of P450 transcripts in pairwise comparison of lab-

derived WCR populations known to be susceptible (S-Lab) and resistant (R-Lab) to 

pyrethroids. Data shows the transcript mean abundance in transcripts per million (TPM) 

units ±SE. 
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Figure 3. PCR products obtained from targeting a 360bp region containing the I1558 

loci. Figure shows individual samples from WCR populations known to be susceptible 

(S-Lab; S-Field) and resistant (R-Lab; R-Field) to pyrethroids.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

1
50

 

APPENDIX 1 Chapter 5 Supplementary Material 

 

Table 1. Transcripts significantly differentially expressed (q-val<0.05) in field-derived pyrethroid-resistant WCR population R-Field. 

Transcript ID 
Blastp hit  

(Query cover;Identity) 
 

Expression 
relative to S-Field 

InterPro Scan 
Query: Open reading 

frame peptide sequences 
(length) 

Transcript nucleotide sequence (length) 

MSTRG.84401.1 (1) 
52 kDa repressor of the 
inhibitor of the protein 
kinase-like [Melanaphis 
sacchari](91%;41%)/PREDI
CTED: 52 kDa repressor of 
the inhibitor of the protein 
kinase-like [Tribolium 
castaneum](87%;40%) 
 
(2)  
52 kDa repressor of the 
inhibitor of the protein 
kinase-like [Melanaphis 
sacchari](79%;57%) 

Higher (1) 
No hit 
 
(2) 
No hit 

(1)630-352 
MFSGLELNKSSNGSFKND
IGYSINQNVDNFTKCQLLE
RPWQPQNRINSHILFTQR
KKRKKRYLDHQHLEQISW
WVLSHSQKGLFYKYCVLF
F* (93) 
 
(2)326-81 
MTAQSLVPKPLTSFAKLM
GKDGAIQTHEKTSYHNEY
VQLGLNFLQSYRNPQKSV
INQIDSQRSKQIQEKKKDY
DTSRVQCS* (82) 
 

CTCATTGCTAGGTCCAGCATCTTCGTCC
AGAAGCAGAAGGCCATCATCACGGTGG
CCTCTCAGAGGAATATTTTGTCGATCTA
AGAACACTGGACTCTACTAGTGTCGTAG
TCTTTCTTTTTTTCTTGTATCTGTTTAGAC
CTTTGAGAGTCTATCTGGTTAATAACTGA
CTTTTGCGGGTTGCGATAACTTTGTAGA
AAATTCAGCCCAAGTTGAACGTACTCGT
TGTGGTATGATGTTTTTTCGTGGGTTTGT
ATGGCTCCGTCTTTGCCCATTAGTTTGG
CGAAAGATGTTAAAGGTTTCGGGACAAG
GCTTTGGGCTGTCATCCCTTTATTGTGA
CCATATTTTTCATTAGAAAAATAAAACGC
AATACTTGTAAAACAATCCCTTTTGACTG
TGTGAAAGTACCCACCAACTTATTTGTTC
TAAATGCTGGTGATCCAAGTAACGCTTT
TTTCTTTTTTTTCTTTGTGTGAACAGAAT
ATGGGAATTGATACGATTTTGAGGCTGC
CAAGGTCGTTCTAACAATTGGCACTTTG
TAAAATTATCGACATTTTGATTTATAGAA
TATCCTATGTCATTCTTAAAGCTACCGTT
ACTGCTTTTGTTCAATTCTAGTCCAGAAA
ACATATTTATCTCCTGTTTTGTATATATAT
AAATATGTGTTTGAAACTAAAAACATTTA
AACAGCAAATATTTAAATTTATATTTTTTA
CATTCTCGGGAGGGGCCATGGCCCCCA
TGGCCCCCTCCCTGGATCCGCCCTTG 
(768) 

MSTRG.96000.1 (1) 
No hit 

Higher (1) 
No hit 

(1)653-519 TTAACCCTTTCGCTGCGGAGCGGCTGA
GACGATTTGCATCCCGTCGCTGCGGCG
CTAATAGACGTCTCCCGCAGTGATGCAA
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FNPLTAGTAYLRNFSSAR
DVRQTHLCDRANRFAAVS
DYLGIDKI* (45) 

ATATTTTTGGCTTTTAGGTTACAGTTGAC
TTAATTGTTGGAATTATATCATTTGTTTTA
CTTTATTATTTTATTTCAACTATTTATTGC
CAATTCTAGAACTATTATAATATATTATTA
TATTATAATAAATAATGTAGTAAAACAAA
TGATAGGGTTCATTTGTTCTTATGGTTCT
TACAATTCCGCCATCGAATAATATTTACC
CCTTTTTGGTGGCAGCGGCATGATGTAA
TACTTATTACCAGTATTTTTGAGTCCAAA
CAAAACGTAATAATTAGCGACAAATTCA
CTTTACGGTACTAACGCATTCGCAAAAC
TTAACACCTTCTCAGTTACCCCTCCTACT
CATCCCGGTCGAGGCACTTTAGGTGGG
CGGTTCACGCCCATTCATTAAGAAAACA
TCTGATAACATTATATTTTATATTTTGTTT
ACGTTATATTTTGTCTATACCCAAATAAT
CGCTAACCGCAGCGAAGCGGTTAGCCC
TGTCGCATAAATGCGTTTGCCGCACATC
TCGTGCACTACTGAAATTACGCAAATAT
GCGGTTCCCGCAGTCAAAGGGTTAAA 
(653) 

MSTRG.24907.1 (1) 
P450 6k1-like [Leptinotarsa 
decemlineata](87%;71%)/P
450 6k1-like [Anoplophora 
glabripennis](90%;67%) 

Higher (1) 
Cytochrome 
P450 
superfamily 
(IPR036396)/ 
Cytochrome 
P450 family 
(IPR001128)/ 
Cytochrome 
P450, E-class, 
group I Family 
(IPR002401) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0005506 
iron ion binding 

(1)500-3 
MQFFAAGFETTSSTTSFT
LYELCLNKTIQNKLRSEILA
NIRENKGITYEGVMSMKY
LDQCIKETLRKYPVLPFLD
RRCINNYTIPGTDLVIEKG
SSVYIPMFGLHYDETYFPE
PMKYMPERFENANYNTN
GLVYFPFGEGPRICIGGLE
VGEVSKIFFGRILFDVE 
(167) 

TGTTCTACGTCAAAAAGTATTCGACCAA
AAAAAATTTTAGACACTTCTCCCACCTCT
AACCCCCCTATGCATATTCTAGGACCTT
CTCCAAATGGAAAATAGACCAAACCATT
AGTATTGTAATTTGCGTTTTCAAATCTTT
CAGGCATGTATTTCATTGGTTCAGGGAA
ATATGTCTCGTCATAATGTAGACCAAAC
ATAGGAATATAAACGCTAGAGCCTTTTT
CAATCACAAGGTCCGTTCCAGGTATTGT
ATAATTGTTTATACATCTTCTATCCAAAA
ACGGCAAAACTGGGTATTTTCGTAGTGT
TTCTTTAATGCACTGATCTAAATACTTCA
TTGACATAACGCCTTCGTACGTTATTCC
CTTATTCTCTCTTATATTGGCCAGAATTT
CGCTTCTTAATTTATTTTGTATTGTTTTGT
TCAGGCACAGTTCGTAAAGTGTGAACGA
AGTGGTCGAACTTGTAGTCTCAAAACCG
GCAGCGAAGAATTGCATACTTGATCCCT
GAATTGACCCGATATCTGTAACAATACG
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GO:0016705 
oxireductase 
activity, acting 
on paired 
donors with 
incorporation or 
reduction of 
molecular 
oxygen 
GO:0020037 
heme binding 

TTAATTTTGTTTTTATTGTATATTTACAAA
CATGTTAAAAACATT (584) 

MSTRG.24908.1 (1) 
P450 6K1-like [Leptinotarsa 
decemlineata](98%;70%)/P
450 6k1-like [Anoplophora 
glabripennis](98%;70%) 

Higher (1) 
Cytochrome 
P450 
superfamily 
(IPR036396)/ 
Cytochrome 
P450 family 
(IPR001128)/ 
Cytochrome 
P450, E-class, 
group I Family 
(IPR002401) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0005506 
iron ion binding 
GO:0016705 
oxireductase 
activity, acting 
on paired 
donors with 
incorporation or 
reduction of 
molecular 
oxygen 

(1)74-514 
MQFFAAGFETTSSTTSFT
LYELCLNKTIQNKLRSEILA
NIRENKGITYEGVMSMKY
LDQCIKETLRKYPVLPFLD
RRCINNYTIPGTDLVIEKG
SSVYIPMFGLHYDETYFPE
PMKYMPERFENANYNTN
GLVYFPFGEGPRICIV* 
(147) 

CATGTTTGTAAATATACAATAAAAACAAA
ATTAACGTATTGTTACAGATATCGGGTC
AATTCAGGGATCAAGTATGCAATTCTTC
GCTGCCGGTTTTGAGACTACAAGTTCGA
CCACTTCGTTCACACTTTACGAACTGTG
CCTGAACAAAACAATACAAAATAAATTAA
GAAGCGAAATTCTGGCCAATATAAGAGA
GAATAAGGGAATAACGTACGAAGGCGTT
ATGTCAATGAAGTATTTAGATCAGTGCAT
TAAAGAAACACTACGAAAATACCCAGTT
TTGCCGTTTTTGGATAGAAGATGTATAAA
CAATTATACAATACCTGGAACGGACCTT
GTGATTGAAAAAGGCTCTAGCGTTTATA
TTCCTATGTTTGGTCTACATTATGACGAG
ACATATTTCCCTGAACCAATGAAATACAT
GCCTGAAAGATTTGAAAACGCAAATTAC
AATACTAATGGTTTGGTCTATTTTCCATT
TGGAGAAGGTCCTAGAATATGCATAGTT
TGAATGTTAAATATGTTTGTATTGTATGG
TTGTACGTTTGCTGCGAACGACGAGCGT
AAAATCAAACTT (580) 
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GO:0020037 
heme binding 

MSTRG.75321.1 (1) 
Junctophilin-2-like 
[Anoplophora 
glabripennis](100%;100%)/
Junctophilin-1-like 
[Leptinotarsa 
decemlineata](100%;100%) 

Higher (1) 
MORN motif 
repeat 
(IPR003409) 

(1)217-2 
SGSCFEGQWQNGKRHGL
GVETRGRWIYRGEWTQG
FKGRYGVRQSNTSTAKYE
GTWANGLQDGYGSETYA
DDG (73) 
 

TACCGTCATCGGCATAAGTCTCTGACCC
ATATCCATCCTGTAATCCATTCGCCCAA
GTGCCTTCATACTTGGCAGTCGACGTGT
TTGATTGTCTAACTCCGTATCTGCCCTT
GAAACCTTGCGTCCACTCTCCCCTATAT
ATCCATCGACCCCTCGTCTCCACACCCA
GGCCATGCCTCTTTCCATTTTGCCACTG
ACCCTCGAAACAACTTCCACTAG (219) 

MSTRG.75696.1 (1) 
P450 6k1-like [Anoplophora 
glabripennis] 
(100%;58%)/P450 6k1-like 
[Leptinotarsa decemlineata] 
(100%;53%) 

Higher (1) 
Cytochrome 
P450 
superfamily 
(IPR036396)/C
ytochrome 
P450 family 
(IPR001128) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0005506 
iron ion binding 
GO:0016705 
oxireductase 
activity, acting 
on paired 
donors with 
incorporation or 
reduction of 
molecular 
oxygen 
GO:0020037 
heme binding 

(1)476-3 
MLLTSSWIVDVLAFSLTFS
TLLYVYFTRHFSYWKKRN
VFYQKPAPFFGNFKDVVT
MKTTIGEWLRDEYNKAAK
QPYFGIFVFDEPKLVIKSP
EIIKNIMIKDFNNFCDRTFA
SPEYNEVESNFLFMMHNP
KWKKHRSQLSPAFTSGKL
KGMLPIIHEV (159) 

CCAACTTCATGTATAATGGGAAGCATTC
CTTTCAGTTTTCCTGAGGTGAAAGCTGG
AGAAAGCTGAGACCTATGTTTCTTCCAT
TTAGGATTATGCATCATAAATAAGAAGTT
CGACTCTACTTCATTGTATTCTGGACTTG
CGAATGTTCTGTCACAGAAATTGTTAAAA
TCTTTTATCATAATATTTTTTATTATTTCT
GGAGATTTAATCACTAATTTCGGTTCGT
CGAAAACAAAAATTCCAAAGTAGGGTTG
TTTAGCTGCTTTGTTATATTCGTCTCGTA
ACCATTCTCCAATGGTTGTTTTCATGGTT
ACTACATCTTTAAAATTACCAAAAAATGG
CGCTGGCTTTTGGTAAAAGACATTACGT
TTCTTCCAATAGCTAAAATGTCTGGTGAA
ATATACGTACAACAGTGTTGAAAATGTTA
GAGAGAAAGCAAGAACGTCTACTATCCA
TGATGATGTTAAGAGCATCT (478) 

MSTRG.23988.2 (1) 
TCDD-inducible poly [ADP-
ribose] polymerase-like 
[Anoplophora 

Higher (1) 
No hit 

(1)834-1046 
MIIANVLIGNSCRGNSDMA
IPPINCDTSTNDNQNVFVK

TATAGGCATTCCGCTGATTTCGCACCGC
AGTCATTATAGTTGCAATTTGCAATGCCA
GAAAAATTACAAAAAGTGATGTTATTTGA
AGTGTGGTTTGTAGGTTTTAAAAAATTG
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glabripennis](87%;53%]/PR
EDICTED:poly [ADP-
ribose] polymerase 11 
[Tribolium 
castaneum](73%;55%) 

YDDNTFYPSFIIHFGGIDY
KNKNRTSVTTRSF* (71) 

GAAATGGATCTTATTATGGTAATAGTCAT
AATTATATTATTCTCCATACTACTAGTGT
ACTTAACTACTTCCCACTACAACTACGAT
ACTGCCGCAATTACTCCTTCTCCAACTTT
AAGGAGTACTGGTACAACAGCCAACAGT
ACTCCAACAGCTCTTGAACCAGTACGAA
AAGATCCAGAAATCTTAACAAAACTAATG
AGTAGTTTATACATTTATACATATTTTTAC
CCAAACTTGACCGATGATGTATTTGAAG
TAGAAAGTCTGAGAGAATAAGAGTCCCC
GCAATATCAACTTATCAACAGCATATTTT
GTCAAACTACAAATTTTTACAAATTTAAC
ATAAATTTGAATGATTTCCAATTAGAAAG
CCTGAGAGAAGAGTCTTTGGAATATCAA
ATTATAAATAGGAGATTTTTGCAATCTAC
TAGAAACAGAAGTTTTTTTAAATTACATA
GTATCGAGAAAGTACACAATCCTTATCTT
CTACTACAATATGGACTAAAAAAAATGAA
TATGATCGCAGAAGAATCGTTTACGAAG
AAACATTACTGTTCCACGGAACTAAGAA
AGACAATATTGACGATATTTGCCGAAAT
AATTTTAACTGGAGATTAACAGGTACCG
CTTTTGGTTCCAGAGTCGGACAAGGTGT
AAATTTCGCATCAGAAGCTTACTTTTCAA
CACATTACTGTGACGATGGATATAACAA
AGTGATGATAATAGCTAATGTTTTAATTG
GTAACAGCTGTAGGGGAAATAGTGACAT
GGCTATACCACCGATTAATTGTGATACC
AGCACGAACGACAATCAGAACGTATTCG
TTAAATACGACGATAATACTTTCTATCCA
TCTTTTATTATTCATTTTGGAGGAATAGA
CTACAAGAACAAGAATCGAACAAGTGTC
ACTACTAGAAGTTTTTAATAATCTTCTAT
TTATATATATACACAATCTACATTCGTCC
GTATACTGCGAAAACCAGGTAAATGTAG
AAATACCGAAATCGAGAAAAAACGTTTTT
AAAGTTTATTGCTTTATTTTGAATTAGGC
GGACCAGTTGTGTTTGATATTCGATATG
CTAATGAAAGATGCATATATCAGAAATAA
CATTCTATCATTAGTTTGAAAAAGTGAAG
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AGACCTAGCTGATTAAACCTAAATTTAAG
ATCAGTTATCAGCTTTTTACTGAATATGG
TAGATATACAGCGGTAGAAATATATTGTT
TTCCGGCAAATATATATGTGCTCTTAGTT
GGTTTTACATGCAACAGAACTTTGATTTT
ATGGAAGTAAGTAGCGATATATTGTTTTA
TTTGAAAATGAAAAGTTGGTTAGGTGTA
ACTTATTTGTTTATTATATAAATTATCTGC
TGAATGGTAAATTGTATCATTTATTGAGT
TTTACCTGTATGTAGAACGTAAAAAGCT
GAGAATTTTGGTATACTTAGCTCAATATT
TTAAAATTTATCATTTACCTGGTTTTCGC
AGTATACGGACGAATATATCAATATAATC
TTACATATTTCAGCATAAACCTGATTTTG
CCGAAATCCTTCATTTTCGCATATTTCAT
ACAGCTCAATAGATAAAAACCGACTTTAT
TCAGTCGTGTTTCGTTTGTGGTCATCTG
AGTAGATGGCACTTTTGCAACTATCCAC
TGTTAGTGGAAAATATCAAGACATGTTTA
TCTTTCTGTTTCTATCTACCCGGATCTCT
GACGATGCAGGGTTATGCTAAAACATGT
AAGATCCTATTGATACCAATGCATATACA
AAGGGTTTAACGAATTGTGCTCTTGCGC
CATATGTTTTCTTTTAATTGGATCAAAGC
GTTGGCAAAGCTTTTGTCGAAATCCAAT
TTCACACATATTTCATACAGCTCAAAAGA
AGAAGCTGACTTTATCGAGTCGTGTTTC
ATTTATGGCCATCAGAGTAGATGGTTCT
TTTGTAGCTATCCACTGGTAGTGGGAAA
TATCTAGAGACATTTTTCGAACTTTCTGT
TTATGAATTTGTAGGTATCTGCGCGGAT
CTCTGACGATGTAGGTTTATGCTGAAAC
GTATAAAAACCTATTGATATCAAAGATGT
TTTAACGAATTTTGAGCAAGATATGTCGT
TTCAATTGCATCTAAGCGATGTCAAAGC
ATTTGCCAAAATTTGAGTTCTCGCATATT
TCATACAGCTCAAAAGTTAGGCATAGAC
TTTATCGAATCGTGTTTCGTTTATAGCTA
TCAGAGTAAATGGCCCATAGCTATCCAC
TGATATTGGGAAATATCTAGAGATATTCT
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TCAACCTTTCTATTTATGAATTTACATCT
ACCAGGATCTCTGACAATGCAGGGTTAT
CCTGAATATGTAAGGTCCTATTGATATCA
ATTCATATACAGAGTATTTCGAACTTTCT
GTTTATGAATGTGTATCTGCCCGAATCT
CTGACGATGCAGCGTTATGCTGAAACAT
GTAAGGTCCTATTGATACCAATTCATATA
CAGAGGGTTTAACGAATTGTGCTGTTGC
GCAAGACATTTGGTTTCAATTGCATCAA
AGCGTTGGCAAAGCTTTTGCCGAAATCC
TTTATTCTTGTATATTTCTTATATCTCAAA
AGTTAGACACCGACTTTATCGAGTCGAG
TTTCGTTTATGGTCGTCAAAGCAGATGA
CACCTTTGTAGCTATCCACTGGTAGTGG
GAAATATCTAGAGACATTATTCGAACTTT
CTGTTTATGAATTTGTAGGTTACTGCGC
GGATCTCTGACGATGCTGGGTTATGCTG
AAACATGTAAGATCCTATTGATACCAATT
CATATACAGACGGTATAACGAATGGTGT
TCTTGCGCCATATGCTTTGTTTTAATTGC
ATCAAATCTTTGGCAAAACTTTTGCCACA
ATCTGATTTCTTGCATATTTCATACAGCT
CAACAAATAGAAACCGACTTTATCGACT
CGTGTTTCGTTTAAGGCCATCAGAGTAG
ACAGCCCTTTTGTAGCTATCCACTGGTA
GTGGGAAATATCTAGAGACATTTTTCGA
ACTTTCTGTTTATGAATTTGTAGGTATCT
GCGCGGATCTCTGACGATGTAGGTTTAT
GCTGAAACGTATAAAAACCTATTGATATC
AAAGATGTTTTAACGAATTTTGCGCAAG
ATATGTGGTTTCAATTGCATCTAAGCGTT
GGCAAAGCTTTTGCCAAAATTTGAGTTC
TCGCATATTTCATACAGCTCAAAAGTTAG
ACACCGACTTTATCGAGTCGTGTTTCGT
TTATGGCTATCAGAGTAGATGGCCCATA
GCAATCCACTGGTATTGGGAAATATCTA
GAGATATTCTTCAACCTTTCTATTTATGA
ATTTACATCTACCAGGATCTCTGACAAT
GCAGGGTTATCCTGAATATGTAAGATCC
TATTGATATCAACTCATATACAGAATACT
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TCGAACTTTCTGTTTATGGATGTGTATCT
GCCCGGATCTCTGACGATGCAGGGTTA
TGCTGAAACATGTAAGATTCTATTGATAC
CAATTCATATACAGATGGTTTAACGAAAT
TGCGCTCTTGCGCGGTATGTTTGGTTTT
AATTGCAGTAAAGCGTTGTCACAGCTTT
TGCTGAAATCCTTTATTCTCGCATGGGT
ATTTTACACAGCTCAAAAGATAGAAACC
GACTTTATCGACTGGTGTTTCGTTTAAA
GCCATCAGAGTAGATGGCTTTTTTGTAG
CTATCCACTGGTAGTGGGAAATATCAAG
AGACATTCTTCGAACTTTCTGTTGATGAA
TTTGTATCTGCCCGGATCTCTGACGATG
CAGGGTTATGCTGAAAGATGTAAGATCC
TACTGATACCAATTCATATACAGAGGGT
TTAACCAATTGAGGTCTTGCGCCGTATG
TTGGGTTTTAATTGCTTTAAAGCGATGGT
AAAGCTTTTGCTGAAATCCTTCATTCTCG
CATATTTCATACAGCTCAAA (4,070) 

 

Table 2. Transcripts significantly differentially expressed (q-val<0.05) in lab-derived pyrethroid-resistant WCR population R-Lab. 

Transcript ID 
Blastp hit  

(Query cover;Identity) 
 

Expression 
relative to S-Lab 

InterPro Scan 
Query: Open reading 

frame peptide sequences 
(length) 

Transcript nucleotide sequence (length) 

MSTRG.22143.1 (1) 
P450 6k1-like [Leptinotarsa 
decemlineata] 
(99%;57%)/P450 6k1-like 
[Anoplophora 
glabripennis](99%;54%) 

Higher (1) 
Cytochrome 
P450 
superfamily 
(IPR036396)/ 
Cytochrome 
P450 family 
(IPR001128)/ 
Cytochrome 
P450, E-class, 
group I Family 
(IPR002401) 
 

(1)176-1675 
MLLTSSWIVDVLAFSVTLS
TLLYIYFTRHFSYWKKRNV
FYRKPTPFFGNFKDVASM
KTTIGEWLRDEYNKAAKQ
PYFGIFVFDEPKLVIKSPEII
KNIMIKDFNNFCDRTFASP
EHNEVESNFLFMMHNPK
WKKHRTQLSPAFTSGKLK
AMLPIIHEVGQSLQKYLSD
NQTVLEAKEVMAKYSTDV
IGKCFLGINPHCFDNDDAL
FRVLGRAMFDFSIKNALK
QTAYFSTPGIVKFFKISFFE

ATTGCAAATTGATAAAATTCCTATGCAGT
TTGAAAAATAGACAACTTTATTGAAGTAC
GTATCTGCATCCTTAGATAAAACAAAATT
AAATCTAAAACTGACTATATAAATTCGTA
GAAAGTAGTTGTACAATACATAATTCACA
AAATAATTTTAGTGCGTTTATGTCTCAAA
GATGCTGTTAACATCATCATGGATAGTA
GACGTTCTTGCTTTCTCTGTAACATTATC
AACACTGTTGTACATATATTTCACCAGAC
ATTTTAGCTACTGGAAGAAACGCAATGT
CTTTTACCGAAAACCAACGCCATTTTTTG
GTAATTTTAAAGATGTAGCAAGCATGAA
AACAACCATTGGAGAATGGTTACGAGAC
GAATATAACAAAGCAGCTAAACAACCCT
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GO:0055114 
oxidation-
reduction 
process 
GO:0005506 
iron ion binding 
GO:0016705 
oxireductase 
activity, acting 
on paired 
donors with 
incorporation or 
reduction of 
molecular 
oxygen 
GO:0020037 
heme binding 

QWVTDHFVDVFSKSYEA
REKSKIRKNDFIDILRDME
RKGVIDKDIGSIQGSSMQF
FAAGFETTSSTTSFTLYEL
CLNKTIQNKVRSEILANIRE
NKGITYEGVMSMKYLDQC
IKETLRKYPVLPFLDRRCI
NNYTIPGTDLVIEKGSSVYI
PMFGLHYDETYFPEPMKY
MPERFENANYNTNGLVYF
PFGEGPRICIGERFGLMS
SKLALIYVLTKFEVEKCES
TPDPLEFEPKSLVLQSKV
GVPMRFKHLVPSPA* 
(500) 

ACTTTGGAATTTTTGTTTTCGACGAACCG
AAATTAGTGATTAAATCTCCAGAAATAAT
AAAAAATATTATGATAAAAGATTTTAACA
ATTTCTGTGATAGAACATTCGCAAGTCC
AGAACACAATGAAGTAGAGTCGAACTTC
TTATTTATGATGCATAATCCTAAATGGAA
GAAACATAGGACTCAGCTTTCTCCAGCT
TTTACCTCAGGAAAACTGAAAGCAATGC
TTCCCATTATACATGAAGTTGGCCAGTC
TCTTCAAAAATATTTAAGTGACAATCAAA
CAGTTTTAGAAGCAAAAGAAGTTATGGC
CAAATATAGCACAGATGTGATAGGAAAA
TGTTTTTTGGGCATTAATCCTCATTGCTT
CGATAACGATGATGCATTGTTCAGAGTT
TTGGGACGGGCTATGTTTGATTTTAGTA
TAAAAAACGCATTAAAGCAAACTGCGTA
TTTTTCTACACCCGGAATTGTTAAGTTCT
TTAAAATTAGTTTCTTCGAGCAATGGGTC
ACAGATCATTTTGTTGACGTCTTTAGTAA
ATCCTATGAGGCACGGGAAAAATCTAAA
ATTAGGAAAAATGATTTCATCGATATTCT
ACGAGACATGGAACGTAAAGGAGTTATT
GATAAGGATATCGGGTCAATTCAGGGAT
CAAGCATGCAATTCTTCGCTGCCGGTTT
TGAGACTACAAGTTCGACCACTTCGTTC
ACACTTTACGAACTATGCCTGAACAAAA
CAATACAAAATAAAGTAAGAAGTGAAATT
CTGGCCAATATAAGAGAGAATAAGGGAA
TAACGTACGAAGGCGTTATGTCAATGAA
GTATTTAGATCAGTGCATTAAAGAAACA
CTACGAAAATATCCAGTTTTGCCGTTTTT
GGATAGAAGATGTATAAACAATTATACAA
TACCTGGAACGGACCTTGTGATTGAAAA
AGGCTCAAGCGTTTACATTCCTATGTTT
GGTCTACATTATGACGAGACATATTTCC
CTGAACCAATGAAATACATGCCTGAAAG
ATTTGAAAACGCAAATTACAATACTAATG
GTTTGGTATATTTTCCATTTGGAGAAGGT
CCTAGAATATGCATAGGTGAAAGATTTG
GATTAATGTCTTCTAAGCTCGCGCTGAT
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ATATGTTTTAACGAAATTCGAAGTAGAAA
AATGTGAATCTACTCCCGATCCACTGGA
GTTCGAACCCAAATCTCTTGTTTTACAAT
CTAAAGTTGGCGTTCCTATGAGATTTAA
ACATTTAGTTCCATCGCCCGCATAACAG
AAAAACTGAGATATAAAATCTTGTATATT
TACCTTCGATTATTATAAGATGTTCCTCG
TAGTTACATTTTATTGTAATTTTAAAAATA
CAGTGAAATGTATTTTTAATATAAATAAA
CTAATGCAA (1804) 

MSTRG.63174.1 (1) 
P450 6k1-like [Leptinotarsa 
decemlineata] 
(99%;52%)/P450 6k1-like 
[Anoplophora 
glabripennis](97%;42%) 

Higher (1) 
Cytochrome 
P450 
superfamily 
(IPR036396)/C
ytochrome 
P450 family 
(IPR001128) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0005506 
iron ion binding 
GO:0016705 
oxireductase 
activity, acting 
on paired 
donors with 
incorporation or 
reduction of 
molecular 
oxygen 
GO:0020037 
heme binding 

(1)1-360 
SGQSLQKYLSDNQTVLEA
KEVMAKYSTDVIGKCFLGI
NPHCFDNDDALFRVLGRA
MFDFSIKNALKQTAYFSTP
GIVKFFKISFFEQWVTDHF
VDVFSKSYEAREKSKIRK
NDFIDILRD 
(121) 

TCAGGCCAGTCTCTTCAAAAATATTTAAG
TGACAATCAAACAGTTTTAGAAGCAAAA
GAAGTTATGGCCAAATATAGCACAGATG
TAATAGGAAAATGTTTTTTGGGCATTAAT
CCTCATTGCTTCGATAACGACGATGCAT
TGTTCAGAGTTTTAGGAAGGGCTATGTT
TGATTTTAGTATAAAAAACGCATTAAAGC
AAACTGCGTATTTTTCTACACCCGGAATT
GTTAAGTTCTTTAAAATTAGTTTCTTCGA
GCAATGGGTCACAGATCATTTTGTTGAC
GTCTTTAGTAAATCCTATGAGGCGCGGG
AAAAATCTAAAATTAGGAAAAATGATTTC
ATCGATATTCTACGAGATAT (362) 

MSTRG.71693.1 (1) 
P450 6k1-like [Leptinotarsa 
decemlineata] 
(100%;54%)/P450 6k1-like 

Higher (1) 
Cytochrome 
P450 
superfamily 

(1)78-551 
MLLTSSWIVDVLAFSVTIS
TLLYVYFTRHFSYWKKRN
VFYRKPTPFFGNFKDVAS

TACAGTCTTTGTTGATTTGAATTATGATT
ATAAAATCTAGTTTCAAAATGATTTTATT
GATTTATATTATTTTTTAGATGCTGTTAA
CATCATCATGGATAGTAGACGTTCTTGC
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[Anoplophora 
glabripennis](100%;58%) 

(IPR036396)/C
ytochrome 
P450 family 
(IPR001128) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0005506 
iron ion binding 
GO:0016705 
oxireductase 
activity, acting 
on paired 
donors with 
incorporation or 
reduction of 
molecular 
oxygen 
GO:0020037 
heme binding 

MKTTIGEWLRDEYNKAAK
QPYFGIFVFDEPKLVIKSP
EIIKNIMIKDFNNFCDRTFA
SPEHNEVESNFLFMMHNP
KWKKHRTQLSPAFTSGKL
KAMLPIIHEV (159) 
 

TTTCTCTGTAACAATATCAACACTGTTGT
ACGTATATTTCACCAGACATTTTAGCTAC
TGGAAGAAACGCAATGTCTTTTACCGAA
AACCAACGCCATTTTTTGGTAATTTTAAA
GATGTAGCAAGCATGAAAACAACCATTG
GAGAATGGTTACGAGACGAATATAACAA
AGCAGCTAAACAACCCTACTTTGGAATT
TTTGTTTTCGACGAACCGAAATTAGTGAT
TAAATCTCCAGAAATAATAAAAAATATTA
TGATAAAAGATTTTAACAATTTCTGTGAT
AGAACATTCGCAAGTCCAGAACACAATG
AAGTAGAGTCGAACTTCTTATTTATGATG
CATAATCCTAAATGGAAGAAACATAGGA
CTCAGCTTTCTCCAGCTTTTACCTCAGG
AAAACTGAAAGCAATGCTTCCCATTATA
CATGAAGTTGG (553) 

MSTRG.94228.1 (1) 
Endonuclease-reverse 
transcriptase [Blattella 
germanica](95%;47%) 
 
 
(2) 
Reverse transcriptase 
[Bactrocera tryoni] 
(99%;39%) 

Higher (1) 
No hit 
 
(2) 
Reverse 
transcriptase 
domain 
(IPR000477) 

(1)1954-1493 
MRVYKTIIRPTITYESETW
TLNQRETTKLLVLERKILR
TIYGPCREETTGEWRIRH
KDELQIIYGDANIVRYIKAN
RMRWAGQVLRSSDERLL
NATFWERPDGRRSVGRP
RKRWKDAVASDLRKMGV
QQWEIAAQDRQQWREIV
NAAKTHIDL* (154) 
 
(2)2537-2139 
MVEIGVPGKLVRLAHVST
ENASARIRIGSTTSEEFLIE
TGLRQGDPLAPLLFNFAL
EHAVRKAQPQLANGFAAI
GSKILLAFADDVDTIAQCT
RDAKEVFTLFENGAKEVG

CTCCTGTCTTCGTTTGTCGGTAGAGTTT
CTGGACACCCTGTATATCAAGAAGCACG
TGGGCTCTAGATGGATAACTAGAGCGC
CAGACAGAGTAGACTGAAAAAGGATTGG
GAAAGCCTATGTCCAAATATGGACCGAA
GAAGGCTAATTAAAAAGATAGATAGACT
ATTTTCTTTGCTTTTTCTCCGAAATATTTT
CAACACTTCTGGACTAAGTTCATCGTTT
CTAAGAGCTTTCACAGAATTTTTCTTTTC
TATTGCTTCCTCTAGTTCTTCTTCCTGGA
TAGCTTTTGTTTCTTCAGATTTTTCCTGT
GATCCGCCAATTACATTGTTTGCATTTTC
CTTTGTTTTTCCTTGCTTTCCGTTCAACA
TTGTTCGAAAGGTTCACTCCATCTTTCCA
TTATATACTTGTCGTTGGTTAATATTGTT
TCATTTGTGGTTATCATTTGTCTTAGCAT
TATTTCTTTGTTGCTTTGTAGTTTTTCAG
TGTTCTATAACACAATTTTACATTTTTACA
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FKVNEDKTKYMVVTEEPK
TNN* (133) 
 
 
 
 

CCGCCCACCCAGAATATGCGTCTCTTCA
TTATCTTGGGAGAGTTTAACAAGATTTAA
AAGGCAGCATAAGCAAAAAGCTACAACT
TGACATGCACTATAAGAGGTTATATGTAT
AGTCTTAATTCATAATACATAGTTTTCTT
CTTAGTAATAGGTACTGTAGATGAAACT
GTATTTTATATTTTATTTTCTTTTTATTAA
ATGTTAGTAAAAAAGTACAGGTAATATTA
AAAACATTTAACCTAGTCAATAGTTTAAG
ATATAGTGTACATTTGTAATTTAGAATAC
AAGGGCTGCATTTTTTCTAAGACCTTAAA
ATTTTAAATACTCCGTTTTTACACTTTATA
ATATTCACTTTCAGTAAAAAATATTTAGT
TGGTAGCATTTATTGGTACCTACATTATT
TTACTAATAGTGGTCACGTGAATGATAC
GCTTCGCGTCGGTTCACTTCAATGCTCT
CACAAAGTCTTTCCTGATGAGACGTAAA
CGTAAAAACACGTGTAGGAGAATGGTGA
GATGAATTTTGAAATGAATCGAAATGCA
ACCATATAATATTTATTTTTTTAGATGTTT
TTCTATTTCAAAGTTCTTATACATGTTCA
TTTGATTGTGTAAATTTAATTATTCGTTG
ACAGTGTGACACTTGTCTGTGTAAACTT
AATTACGACTATTACTAAGGCGGCCGAT
AAGTACTTAGCCCTCAAAAGAAAAACGA
AAGTTTTGGAAAAGTGGTGATTTATTTCT
GAACTTAGTCTCCTTTTAGCTCGATATAC
TTGACCCTGCGATGCTCCACCTTCTTTA
ACCAGTCTGAAAAATACCTTTTCTCGAG
GTCTGCAAAGTATGCTTCCGTGGAGGTG
ATGAACTCTTTATTCGACTTACATTTCTG
CCAGCGAGTGACTTTTCAAGTTTGGAAA
CAAAAAGAAGTTGTATAGGCCCAAATCT
AGAGAATACATCATCATCATCATCATTTG
GCTCTACAAATCTATGTGAGTCTTGGCC
GCGTTTACTATTTCTCTCCATTGTTGTCG
GTCCTGAGCAGCTATTTCCCATTGCTGT
ACTCCCATTTTGCGTAGATCACTGGCTA
CTGCGTCCTTCCATCTCTTTCTTGGACG
ACCAACTGACCTTCTGCCATCGGGCCTT
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TCCCAAAATGTGGCGTTCAGAAGTCTTT
CGTCACTCGATCTTAGCACTTGACCCGC
CCATCTCATTCGGTTTGCTTTGATGTAG
CGTACTATGTTTGCATCTCCATATATTAT
CTGAAGTTCATCTTTGTGTCTTATTCTCC
ATTCTCCTGTTGTCTCTTCTCTGCAAGG
CCCATAGATAGTCCGCAGTATCTTTCTTT
CAAGCACCAGTAATTTTGTTGTTTCCCG
CTGGTTCAGAGTCCATGTCTCGCTTTCA
TACGTTATTGTAGGACGAATTATTGTCTT
ATATACTCTCATTTTTGCTGGCCTTGAGA
GTATTTTTGATTTAAGTACGGTAATTAAT
GAGTAATATGCCCTGTTTCCTGCAATGA
TCCTGGCTGCCACGTACTTTTCATATTTA
TTTTCAGCTGTTATGATCGCTCCCAGGT
ACTTAAATTCTTTGACGACTTCAAAGTTG
TATTCATTAATTGTTACGTTTTGTCTAATT
ATTGGTCTTGGGTTCTTCCGTAACCACC
ATGTACTTGGTCTTGTCCTCGTTTACCTT
AAAACCAACTTCCTTGGCTCCGTTCTCG
AATAGGGTGAAAACTTCTTTTGCATCTCT
GGTGCATTGTGCAATTGTGTCCACGTCA
TCCGCAAAGGCCAATAGTATTTTTGATC
CTATGGCGGCAAATCCGTTTGCCAGTTG
TGGCTGAGCTTTCCTTACTGCATGTTCC
AGTGCGAAGTTAAACAGCAGGGGGGCG
AGAGGATCTCCTTGTCTAAGCCCGGTCT
CAATGAGGAATTCCTCCGACGTGGTGCT
GCCAATTCTGATTCGTGCGGAAGCGTTC
TCCGTGCTCACATGTGCTAATCGTACCA
GCTTTCCAGGCACTCCTATTTCTACCAT
AGTCTCCCAAATCTAGAGAATACGTTGG
ATAGAACAGTTTGTAGCCCAATTCGACC
AATTTGGTCATGGCGATGGCGGAGGTG
TGACCCGGAACATTGTCATAATGTAGAC
AAACAAACAAATTCGGCGCATAATCAGG
CTAATAATGCGGCATAGGAAAGCCCTCT
GATCGTTTTGCCCTTTTCCAGGAAGTGG
ATATAGATCACAACTTGTGAATCCCAAAT
AATGGTGGTCATCGCCTTTCCAGCCGAT
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TGGAGAGTCTTCGCTCTTCTCGGAGCAC
GTTTGAGGGGTGACGTCCACTGTATCGA
CTGTTCCTTGGACTCCGGTGTATACCAG
TGGAACCATGTTTCCTCTACAGTTATGA
ATCAACGTAGAAACTCATTTGGATTATGT
TATTATTAGCATCAGACACTGGTCTGAA
CGGGTTTTATGTTTGCGTTTATTGTTTGA
AGTTCGAAAATGCGGCGGCCATCGCGC
CGTCAATTTTTTTATGCCCAAAATTTCAG
GCAGGATATAACCAACGAGATCTTTTGT
GATGCCTAGTGTCTCAGCTATCTCACGC
ACCTTCAGTCCGCGGTCTACCAATACAA
GATTGTGGATTTCTTACACGTTATCCTCA
GTGGTAGGTGTTTTCGAGGCACCTGGG
AGTGACTTATCAAAAACCGACGTTCCAC
CACGTTGAAATTCGTTAAACCATTTTTGA
CGGTTTCCTTCGAAGGAGGAGAGTCAC
CGTTTACAGCATTCAAGCGCTTTTAGATT
TCGCTGCGGGATTTCCCTTCTATAAACA
AGAGTCGAATCACCGACTGATATTGCTC
TTTTTTCATTTTTCTAAAATCCCCAAACA
CGCCCGCTTATAAACGCGGTCAAAACAA
AGCTACGAGTATGATTTGGCTGATATTTT
GGTATAGGTCTTCTACAATAATTACACG
ATGATAGATTTCTCTTGCGACAGTGGCG
CCATCGAGTGGAGAGGCTAAGTACTTAT
CAGACCACCCACGTGGTTAACAGTAAGT
ATAACATGGGTCGCCCACGTTTTCTCAA
CTGTCATCAATACGACTAACTTCACGCG
TAACTTGGATACGAGAATTATAAAAAAAA
ATTTAAAGCACTCATGGGAGTGCCGACA
GAAGTGAAAACTTCTTATAGTATATAAAT
TACGAGATCCATGCTTTTCCCCATCCAA
AAAGAAGTGCTATAACATACCTATTTTAT
ATACGCGTTGCGTACGTTCTATGCTATT
TATGTATACATACACATAATATAATATAT
AAACGTACGAAACTTAGTTTGGCGAAGT
GATGACGGTCACAGACTCAATACTTTTT
TCCTACCTAAAAAGTGCACAACGTCCCT
AAAGAAGTTTTCACTTTAAAAATTTATTT
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CGCCAAACAATGACAGTCGCTTATTTAA
TACTTTTTCCCCATCCAAAAAGTGCACAA
CGTCCCTAAAGAAGTTTTAACTTCAAAAC
TTTATTTCGTCGAAGCAATGACAGTCGC
TAATTTAATACTTTTTGCCCATCCAAATG
TGCACAACGTCCCTAAAGAAGTTTTCAC
TTCAAAAATTTATTTCGCCGAAGCGATG
AGGGTCGCTAATTCAACACTTTTTCCCC
ATCTAAAAAGTGTATAACGTCCCTAAAAA
AGATTTCGCTTCAAAAATGTATTTCGTCG
AACCAATGACGGTCGCTAATTTAATATTT
TTCCCCATCTAAAAAGTTCACAACGTCC
CTACAGAACTTTTCACTTCAAAAATTGAT
TTCGCCGAAGCGATGACGGTCGCTAATT
CAATACTTTTTCCCCATCTAAAAAGTTCA
CAACGTCCCTACAGAACTTTTCACTTCA
AAAATTGATTTCGCCGAAGCGATGACGG
TCGCTAATTCAATACTTTTTCCCCATCTA
AAAGTGCACAACGTTCTTAAAGAAGTGT
TCACTTCAAAAATGTATTTTGTCGAAGCA
ATGACGGTCGCTAATTAAGTACTTTTTCC
CCATCTAAAAAGTGCACAACGTACCTAA
AGAAGTTTTCACTTCAATAATATTACTAT
TATTATACATACATTATAATAATATACGTA
CAAAATTTATTTTGTCGAAGCGATGACG
GTCGTGATGACGGTCGCGAAATAAATCC
ATTTTCCCCATCCAAAAATAAGTTTTACA
TTTATTTAAAATTTAAATACTTTTATACAA
TTTATGTATACATACACATAATATAGATA
CGTACAAAATTTATTTCGCCGAAGCGAT
GACGGTCGCGATGATGGTCGCGAAATC
AATCCTTTTTCCCCATCCTAAAATAGGTT
TTACATTTATTTTAAATTTAAATACCTCCG
CACAATTTATATACACACATAATATAGTA
TAAGCGATGTGCGATGACGGTCGCAAT
GACGGTCGTAATGACGGTCGCGATGAC
GGTTGCAAATTCAATGCTTTTTCCCCTAT
CCAAAAATCACACAACGTCCCTAAAGAA
GTTTTCACTTCAAGAAATATGCATTGAAA
TCCAGATCCCGTAATTTTTTGAGCGTTAT
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AAAGTGAGAACAAATACATACATATTTCT
TTGCCGATAAGGTAGAGTCCTGTTGAGA
AAACCTGGCGTGGCCAGTATAACATATC
ACTGCAATTAAGATTAAACATCAACAATA
AAAGGTTAAATGACATTATTTAGAAAAAG
AGTATTT (5,211) 

MSTRG.9784.1 (1) 
E3 ubiquitin-protein ligase 
MYCBP2-like [Leptinotarsa 
decemlineata] 
(48%;42%)/zinc finger BED 
domain-containing protein 
4-like [Onthophagus 
Taurus](32%;52%) 

Higher (1) 
No hit 

(1)394-86 
INGALKFLIKLLGLLWKRIE
VELSNLTLINLIAGVLESKM
ISDDEISIPGTPPELVEAVN
TASLELLPKKSREKYENAY
RRFMDLCRTLTTVRKYHF
LTVRK* (103) 

TTTTCCGCAAATCGCCAGGAAATTTTGA
CATTCCTGTCAAAATTTCTTGAAGAAAAA
GTCAGGACTTCCTTACTGTAAGGAAATG
TCATTTCCTTACTGTAAGGAAATGATATT
TCCGTACAGTTGTTAGTGTTCTACATAAA
TCCATAAAACGTCTGTATGCATTTTCGTA
CTTTTCTCTTGATTTCTTTGGCAATAATT
CTAATGAAGCAGTATTCACTGCCTCAAC
CAGCTCTGGAGGAGTCCCAGGAATGGA
AATTTCATCATCACTTATCATTTTACTTTC
GAGAACACCAGCAATTAAATTTATAAGC
GTCAAGTTTGACAATTCAACCTCAATAC
GTTTCCATAGTAACCCAAGTAATTTTATT
AGGAATTTCAAAGCACCATTTAT (394) 

MSTRG.19112.1 (1) 
P450 6k1-like [Leptinotarsa 
decemlineata] 
(80%;71%)/P450 6k1-like 
[Anoplophora 
glabripennis](82%;67%) 

Higher (1)  
Cytochrome 
P450 
superfamily 
(IPR036396)/ 
Cytochrome 
P450 family 
(IPR001128)/ 
Cytochrome 
P450, E-class, 
group I Family 
(IPR002401) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0005506 
iron ion binding 

(1)81-626 
MQFFAAGFETTSSTTSFT
LYELCLNKTIQNKLRSEILA
NIRENKGITYEGVMSMKY
LDQCIKETLRKYPVLPFLD
RRCINNYTIPGTDLVIEKG
SSVYIPMFGLHYDETYFPE
PMKYMPERFENANYNTN
GLVYFPFGEGPRICIGGLE
VGEVSKIFFGRILFDVEQH
GIFIFGISLGTLFT (183) 

TTTTTAACATGTTTGTAAATATACAATAAA
AACAAAATTAACGTATTGTTACAGATATC
GGGTCAATTCAGGGATCAAGTATGCAAT
TCTTCGCTGCCGGTTTTGAGACTACAAG
TTCGACCACTTCGTTCACACTTTACGAA
CTGTGCCTGAACAAAACAATACAAAATA
AATTAAGAAGCGAAATTCTGGCCAATAT
AAGAGAGAATAAGGGAATAACGTACGAA
GGCGTTATGTCAATGAAGTATTTAGATC
AGTGCATTAAAGAAACACTACGAAAATA
CCCAGTTTTGCCGTTTTTGGATAGAAGA
TGTATAAACAATTATACAATACCTGGAAC
GGACCTTGTGATTGAAAAAGGCTCTAGC
GTTTATATTCCTATGTTTGGTCTACATTA
TGACGAGACATATTTCCCTGAACCAATG
AAATACATGCCTGAAAGATTTGAAAACG
CAAATTACAATACTAATGGTTTGGTCTAT
TTTCCATTTGGAGAAGGTCCTAGAATAT
GCATAGGGGGGTTAGAGGTGGGAGAAG
TGTCTAAAATTTTTTTTGGTCGAATACTT
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GO:0016705 
oxireductase 
activity, acting 
on paired 
donors with 
incorporation or 
reduction of 
molecular 
oxygen 
GO:0020037 
heme binding 

TTTGACGTAGAACAACACGGTATTTTTAT
TTTTGGAATATCGCTGGGGACATTGTTC
ACTA (627) 

MSTRG.24781.1 (1) 
No hit 
 
(2) 
No Hit 
 
(3) 
No hit 
 
 

Higher (1) 
No hit 

(1)198-46 
MFNYFFTTTCYQLILLVLL
MYLAQDDTVDRCCLRVLS
PDAILNLNTFPYC* (51) 
 
(2) 668-525 
QGRIQGRFSGGAVNFFCR
GVPGIWGQFLKIRVTPVSF
KALFTHYWVP*(48) 
 
(3)335-228 
MNLTKSSRMLLFYIYLKSR
ESCSTCRSVFSSNMTE* 
(36) 
 
(4)1-75 
ATVMMAFCFWTKMLDLAI
RESVKV* (25) 
 
(5)362-412 
MLLLSGLVLPLSLNFH*(17) 

GCCACCGTGATGATGGCCTTCTGCTTCT
GGACGAAGATGCTGGACCTAGCAATAA
GGGAAAGTGTTAAGGTTTAAAATCGCAT
CAGGAGATAAGACTCTTAAACAACACCT
ATCCACAGTATCATCCTGAGCAAGATAC
ATCAGTAGCACTAGTAAAATCAATTGATA
ACATGTTGTGGTGAAAAAATAATTGAAC
ATATAATAAATCAGGTTCAAAATGTAAAT
TATTACTCTGTCATATTTGACGAAAAGAC
CGACCTACAGGTGGAACAGCTTTCTCTA
GATTTGAGATAAATATAGAATAACAACAT
TCGTGAAGATTTTGTCAAATTCATTGGC
GCTTATGAGAACATAAAAATAATTAATGA
AAATTAAGAGAGAGAGGAAGAACAAGG
CCTGACAGGAGAAGCATTGGGGAAAAT
AGTATTAAATTTATTGAAATAACTGCACT
TGGATTCGAAGAAATGTGTAGGACTAGG
TACTGACTTTAATAATACTTTAATAATTAT
ATGTTTTGAATGTATTTATGGCACCCAAT
AGTGTGTGAAAAGGGCCTTAAAACTCAC
CGGCGTAACCCTAATTTTTAAAAATTGC
CCCCAAATCCCCGGTACCCCTCTGCAAA
AAAAGTTCACGGCCCCTCCCGAAAATCG
GCCCTGGATCCGCCCTTG (668) 

MSTRG.58405.1 (1) 
Zinc finger MYM-type 
protein 1-like [Myzus 
persicae] 
(79%;46%)/repressor of the 

Higher (1) 
No hit 
 
(2) 
No hit 

(1)188-433 
MTAQSLVPKPLTSFAKLM
GKDGAIQTHEKTSYHNEY
VQLGLNFLQSYRNPQKSV

TGGCAGCCTCAAAATCGTATCAATTCCC
ATATTCTGTTCACACAAAGAAAAAAAAGA
AAAAAGCGTTACTTGGATCACCAGCATT
TAGAACAAATAAGTTGGTGGGTACTTTC
ACACAGTCAAAAGGGATTGTTTTACAAG
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inhibitor of protein kinase-
like [Myzus persicae] 
(85%;46%)  
 
(2) 
Zinc finger MYM-type 
protein 1-like [Myzus 
persicae] (64%;51%)/ 
repressor of the inhibitor of 
protein kinase-like 
[Trachymyrmex 
cornetzi](92%;40%) 

INQIDSQRSKQIQEKKKDY
DTSRVQCS* (82) 
 
(2)1-162 
WQPQNRINSHILFTQRKK
RKKRYLDHQHLEQISWW
VLSHSQKGLFYKYCVLFF* 
(54) 
 
 

TATTGCGTTTTATTTTTCTAATGAAAAATA
TGGTCACAATAAAGGGATGACAGCCCAA
AGCCTTGTCCCGAAACCTTTAACATCTTT
CGCCAAACTAATGGGCAAAGACGGAGC
CATACAAACCCACGAAAAAACATCATAC
CACAACGAGTACGTTCAACTTGGGCTGA
ATTTTCTACAAAGTTATCGCAACCCGCA
AAAGTCAGTTATTAACCAGATAGACTCT
CAAAGGTCTAAACAGATACAAGAAAAAA
AGAAAGACTACGACACTAGTAGAGTCCA
GTGTTCTTAGATCGACAAAATATTCCTCT
GAGAGGCCACCGTGATGATGGCCTTCT
GCTTCTGGACGAAGATGCTGGACCTAG
CAATAAGGGAAAGTGTTAAGGTTTAAAA
TCGCATCAGGAGATAAGACTCTTAAACA
ACACCTATCCACAGTATCATCCTGAGCA
AGATACATCAGTAGCACTAGTAAAATCA
ATTGATAACATGTTGTGGTGAAAAAATAA
TTGAACATATAATAAATCAGGTTCAAAAT
GTAAATTATTACTCTGTCATATTTGACGA
AAAGACCGACCTACCCCAGGTGGAACA
GCTTTCTCTAAATTTGAGATAAATACAGA
ATAACAACATTCGTGAAGATTTTGTCAAA
TTCATTGGCGCTTATGAGAACATAAAAAT
AATTAATGAAAATTAAGAGAGAGAGGAA
GAACAAGGCCTGACAGGAGAAGCATTG
AGGAAAATAGTATTAAATTTATTGAAATA
ACTGCACTTGGATTCGAAGAAATGTGTA
GGACTAGGTACTGACTTTAATAATACTTT
AATAACTATATGTTTTGAATGTATTTATG
GCACCCAATAGTGTGTGAAAAGGGCCTT
AAAACTCACCGGCGTAACCCTAATTTTT
AAAAATTGCCCCCAAATCCCCGGTACCC
CTCTGCAAAAAAAGTTCACGGCCCCTCC
CGAAAATCGGCCCTGGATCCGCCCTTG 
(1,128) 

MSTRG.59366.1 (1) 
P450 6k1-like [Leptinotarsa 
decemlineata] 
(100%;53%)/P450 6k1-like 

Higher (1) 
Cytochrome 
P450 
superfamily 

(1)3-476 
MLLTSSWIVDVLAFSLTFS
TLLYVYFTRHFSYWKKRN
VFYQKPAPFFGNFKDVVT

AGATGCTCTTAACATCATCATGGATAGT
AGACGTTCTTGCTTTCTCTCTAACATTTT
CAACACTGTTGTACGTATATTTCACCAG
ACATTTTAGCTATTGGAAGAAACGTAAT
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[Anoplophora 
glabripennis](100%;58%) 

(IPR036396)/C
ytochrome 
P450 family 
(IPR001128) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0005506 
iron ion binding 
GO:0016705 
oxireductase 
activity, acting 
on paired 
donors with 
incorporation or 
reduction of 
molecular 
oxygen 
GO:0020037 
heme binding 

MKTTIGEWLRDEYNKAAK
QPYFGIFVFDEPKLVIKSP
EIIKNIMIKDFNNFCDRTFA
SPEYNEVESNFLFMMHNP
KWKKHRSQLSPAFTSGKL
KGMLPIIHEV (159) 

GTCTTTTACCAAAAGCCAGCGCCATTTT
TTGGTAATTTTAAAGATGTAGTAACCATG
AAAACAACCATTGGAGAATGGTTACGAG
ACGAATATAACAAAGCAGCTAAACAACC
CTACTTTGGAATTTTTGTTTTCGACGAAC
CGAAATTAGTGATTAAATCTCCAGAAATA
ATAAAAAATATTATGATAAAAGATTTTAA
CAATTTCTGTGACAGAACATTCGCAAGT
CCAGAATACAATGAAGTAGAGTCGAACT
TCTTATTTATGATGCATAATCCTAAATGG
AAGAAACATAGGTCTCAGCTTTCTCCAG
CTTTCACCTCAGGAAAACTGAAAGGAAT
GCTTCCCATTATACATGAAGTTGG (478) 

MSTRG.13177.1 (1) 
Digestive cysteine 
proteinase 1 [Anoplophora 
glabripennis] (99%;61%)/ 
cathepsin L precursor 
[Tribolium 
castaneum](98%;63%) 
 
 

Higher (1) 
Papain-like 
cysteine 
peptidase 
superfamily 
(IPR038765)/P
eptidase C1A 
family 
(IPR013128)/C
athepsin 
propeptide 
inhibitor 
domain I29 
(IPR013201)/ 
Peptidase C1A, 
papain C-
terminal 
(IPR000668)/ 

(1)3-1595 
LAIGDPPVPEWSDTYSVE
GTIHLPYAEIVEPFHAWYD
GKSKNSRIDYYNGTAKTY
QLGGNGNGVQLKVIPFTT
EEVLNQITCFQINGTEDDP
VTPQSILPDLEGFEYQGIQ
EYGDRELEVWFLKTVQLE
KENEYTLWVVRDEHGKAI
PVKYDMRGYNSLLGSHY
DHYYLLYTWKSYRTHKID
PSVFEVETNSECRSFPGP
GNQHVHIMNPMAEYIRPE
KSEHVDSNFGDFINNHNK
NYADTKEHAFRKEVFRQN
VRFIESVNRQNKGYSLAIN
HLADKTDKEIKYLNGRLSS
GGNNGGQPFPYTDADTD

ATTTAGCGATAGGCGATCCACCAGTTCC
AGAATGGAGTGACACTTATAGCGTAGAA
GGAACTATCCATTTGCCTTATGCAGAAA
TAGTAGAGCCTTTCCATGCTTGGTATGA
TGGAAAATCTAAAAATTCGCGCATTGATT
ACTACAATGGAACGGCTAAGACATACCA
ACTTGGAGGAAATGGAAATGGTGTCCAA
CTGAAAGTAATTCCATTCACTACAGAGG
AGGTCCTAAACCAAATAACGTGCTTCCA
GATCAATGGAACTGAAGACGATCCAGTG
ACTCCTCAATCGATTTTGCCAGATTTAGA
AGGATTTGAATATCAAGGCATACAGGAG
TATGGAGATAGAGAACTAGAGGTATGGT
TTCTAAAAACTGTCCAGTTAGAAAAAGAA
AACGAATACACTCTATGGGTTGTCCGAG
ACGAGCATGGTAAAGCTATTCCAGTTAA
ATATGATATGAGAGGATACAATTCGTTAT
TGGGAAGCCACTACGATCATTACTATTT
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cysteine active 
site 
(IPR000169)/ 
histidine active 
site 
(IPR025660)/ 
asparagine 
active site 
(IPR025661) 
 
GO:0006508 
proteolysis 
GO:0008234 
cysteine-type 
peptidase 
activity 

DLPDQYDWRLFGAVSPV
KDQAICGSCWSFGTVGTL
EGSLFLKNGGRLVQLSQQ
ALVDCSWGFGNNGCDGG
EDWRAYQWIQKHGGIPID
SHYGGYKGEDGFCSADE
VEKTAKITGWVNVTENDE
NALRLALVKQGPISVSIDA
SQKSFSFYSHGVYYEENC
GNREEDLDHSVLAVGYGS
IDGENYWLIKNSWSTYWG
NDGYILMSSRNNNCGVMT
AATYVTM* (531) 

GCTATACACATGGAAGTCTTACAGGACT
CATAAGATTGATCCCTCCGTTTTTGAAGT
AGAAACTAATAGTGAATGCAGAAGTTTT
CCTGGACCCGGAAATCAACATGTTCACA
TCATGAACCCCATGGCCGAATACATTCG
TCCCGAAAAAAGTGAGCACGTGGACTCA
AACTTTGGCGATTTTATAAATAACCACAA
CAAAAATTACGCAGACACAAAAGAACAC
GCATTTAGAAAAGAGGTTTTCCGTCAAA
ACGTCAGGTTCATCGAATCTGTCAACCG
ACAAAATAAAGGATATAGTCTAGCAATTA
ATCATCTTGCTGATAAGACTGACAAGGA
AATTAAATACCTGAATGGAAGACTTTCAA
GTGGAGGCAACAATGGAGGACAACCTT
TCCCTTACACAGATGCTGATACCGATGA
TTTACCTGATCAATATGACTGGAGACTG
TTTGGAGCTGTTTCACCAGTAAAAGATC
AAGCCATATGCGGATCTTGCTGGTCTTT
TGGAACCGTCGGCACCCTTGAAGGATC
ACTTTTTTTGAAAAATGGTGGTCGGTTG
GTACAATTATCCCAGCAAGCTTTGGTGG
ATTGTTCTTGGGGCTTTGGTAACAATGG
TTGTGATGGAGGGGAGGATTGGAGGGC
TTACCAATGGATCCAAAAACACGGTGGA
ATACCAATCGATAGTCATTATGGAGGCT
ACAAAGGAGAGGATGGATTTTGCTCAGC
TGATGAGGTGGAGAAGACAGCCAAAATT
ACTGGTTGGGTAAACGTAACCGAAAACG
ATGAAAATGCTCTTCGTTTGGCACTCGT
GAAGCAAGGACCAATTAGTGTTAGCATC
GACGCTAGCCAAAAATCTTTCAGTTTTTA
TTCACATGGAGTCTATTACGAAGAAAATT
GCGGAAACAGAGAAGAAGATTTGGACC
ATTCGGTTTTAGCTGTTGGATACGGTTC
AATCGACGGCGAAAACTATTGGTTAATC
AAAAACAGTTGGTCTACTTATTGGGGAA
ATGACGGCTACATCTTGATGTCTTCCAG
AAACAACAACTGTGGAGTCATGACGGC
GGCTACCTATGTAACTATGTAGATATTTA
ACATAACATCCATATTTAAATAAAAAAAT
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AAGAAATCCAATTTATTTATATTGTAAAT
ATTTATCAAATAAATTTTCTTCATAATATT
T (1,691) 

MSTRG.36287.1 (1) 
P450 6k1-like [Leptinotarsa 
decemlineata] 
(98%;41%)/P450 6k1-like 
[Anoplophora 
glabripennis](98%;40%) 
 

Higher (1) 
Cytochrome 
P450 
superfamily 
(IPR036396)/ 
Cytochrome 
P450 family 
(IPR001128)/ 
Cytochrome 
P450, E-class, 
group I Family 
(IPR002401) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0005506 
iron ion binding 
GO:0016705 
oxireductase 
activity, acting 
on paired 
donors with 
incorporation or 
reduction of 
molecular 
oxygen 
GO:0020037 
heme binding 

(1)66-1565 
MLLTSSWIVDTIILTVTLSL
LVYKYLTRHFDYWRKRKV
THEKPMLLFGNFYEVFTF
KTTIQEHIKKIYDRIDAPYF
GIHILDEPILVLKDPKLVKD
VLIKDSAVFSNRRPATPTH
PLMKHALFFLNYPHWKPL
RAKITPVFTSAMLKNAHN
QYLTDIGQSMTKFLNKNK
ETIDSRRIGEYFASEMIFK
YFFGANANCFEDIPSVFEP
YVKKMGEFSVRNAVIQNL
YFIKPSWVTFLKLDFISESI
MTFFERVFIEGMINRKSYD
GKPQTFVDMANKAVRDT
ESGKEDTLDFNMSISTAIF
FLIAGRDTLNTLIAFTLYEIA
MHADIQDKLREAIQENVE
KYGGITYEGVHDNKYLDM
CIKESMRKYPPIPFLDRMP
LSDYTLEGTDLVVKKDMT
VIIPFFALHRDENLFPNSD
GYDPERFREEIQSEGLFY
LPFGAGPRACIGKRLGLL
GLLVSLSYIVLNFKVEKCP
ETPSKIEFEPKSFPLVSKQ
GLPLRITPIEHK* (500) 

TAAACTTTTAGTTAATGAATCGGTATAGC
CATTGAGCACCAGCGAGTACAGTGAGT
CACTTAAAGATGCTTTTGACTTCGTCATG
GATCGTAGATACCATAATATTGACAGTA
ACACTAAGCTTGCTGGTGTACAAATATC
TCACAAGGCATTTTGACTATTGGAGGAA
AAGAAAGGTCACCCATGAGAAACCTATG
CTACTTTTTGGAAACTTCTATGAAGTTTT
CACCTTCAAAACAACTATTCAAGAGCAC
ATAAAGAAGATTTACGATAGAATAGATG
CTCCATATTTTGGAATTCATATTCTTGAT
GAACCAATACTAGTTTTAAAAGATCCTAA
GCTGGTTAAAGACGTTCTAATCAAAGAT
TCTGCTGTGTTTTCCAACAGACGACCTG
CCACACCTACACATCCTCTTATGAAACA
CGCATTATTCTTTCTGAACTATCCTCACT
GGAAACCTCTTAGAGCTAAAATAACTCC
AGTTTTCACTTCTGCTATGTTAAAAAATG
CACACAATCAATATTTGACTGACATCGG
TCAATCCATGACGAAATTTTTGAACAAAA
ATAAAGAAACCATAGATAGCAGACGTAT
TGGGGAATACTTTGCATCAGAAATGATC
TTCAAATACTTTTTTGGAGCTAATGCTAA
CTGCTTCGAAGATATACCATCTGTATTTG
AACCATACGTAAAAAAGATGGGTGAATT
CAGTGTTAGAAACGCCGTTATTCAAAAC
CTGTACTTTATCAAACCATCGTGGGTAA
CGTTCTTGAAGCTGGATTTCATCTCAGA
AAGTATAATGACATTTTTTGAACGTGTTT
TTATAGAAGGAATGATAAACAGGAAAAG
TTATGATGGCAAGCCACAAACTTTTGTC
GATATGGCAAATAAAGCTGTGAGAGACA
CTGAAAGTGGGAAGGAGGATACCCTAG
ATTTCAATATGTCCATCTCGACTGCAATA
TTCTTCCTCATAGCTGGCAGAGACACTT
TGAATACATTAATTGCTTTTACTTTGTAT
GAAATTGCTATGCATGCGGATATCCAAG
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ACAAACTCAGAGAAGCCATCCAAGAAAA
TGTAGAAAAGTACGGAGGCATTACCTAT
GAGGGAGTACACGACAACAAATATTTAG
ACATGTGTATTAAAGAGTCAATGAGAAA
ATATCCGCCTATACCGTTCCTGGATAGG
ATGCCTTTGTCTGACTACACACTAGAGG
GTACTGATTTAGTGGTCAAAAAGGATAT
GACAGTAATAATACCATTCTTTGCACTTC
ACAGGGATGAAAATCTTTTCCCTAACTC
TGATGGATACGATCCAGAAAGGTTCAGA
GAAGAAATACAATCAGAGGGACTATTTT
ACCTTCCGTTTGGAGCAGGTCCCAGAG
CTTGTATAGGTAAAAGACTTGGACTGTT
AGGTTTATTGGTATCATTATCATATATAG
TACTTAATTTTAAAGTAGAAAAATGCCCA
GAAACTCCATCGAAGATTGAATTTGAAC
CCAAAAGTTTTCCATTGGTTTCTAAACAA
GGACTGCCTCTTAGAATTACGCCTATTG
AACATAAATAAAAGCAACATTGTGATGTA
GATTTTTTATGTTAAAAAATTATTGTATGA
ATAAAATAAATATGTAGTTGTTAGTAAGT
CAACCA (1,648) 

MSTRG.39495.1 (1) 
No hit 
 
(2) 
No hit 
 
(3) 
No hit 
 
(4) 
No hit 
 
(5) 
No hit 
 

Higher (1) 
No hit 
 
 

(1)402-283 
MLCFLLIFYAFQPFLLATM
NVDSCQQKSLKGIILLIRYL
* (40) 
 
(2)697-590 
MYSTKLENILCFPPKHLTD
LRLIYNFHKFFFNCNI* (36) 
 
(3)101-202 
MLYKKVLNCHQGICLSQR
QFYNTSIVKNFWTGL* (34) 
 
(4)3-95 
YFICVNNLLALKDNKININH
HNIKTIIILD* (31) 
 
(5)383-472 

TCTATTTTATTTGTGTAAATAATTTACTAG
CGTTAAAAGACAACAAAATAAATATAAAT
CACCACAACATAAAAACTATTATTATTTT
AGATTAAACATTATGTTATATAAAAAAGT
TCTAAATTGCCATCAAGGAATTTGCTTGT
CTCAAAGACAGTTTTATAATACGAGTATA
GTTAAAAATTTCTGGACAGGATTATAATA
TGACAATATTACCTTTAGAAAATATATTC
CGATTTTAATTGTGATTTTTTGCTTTCAC
CGATAAATGTACAGTGTGATTCACAAAT
ACCTAATTAATAGTATTATACCTTTTAAG
GATTTTTGTTGACAGCTGTCAACATTCAT
TGTAGCTAATAAAAATGGCTGAAATGCG
TAGAAAATGAGTAGAAAACAAAGCATGA
AGCAAGCAGATGATGAACAAATAAGGGA
GAGCAGAAAAAAGTGTCGTTCCGATATT
TCAGTAGGTTAACGCATTCAATAATGCTT
ACTAGCAGACGTTGGGATGCTAAAAAGC
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MSRKQSMKQADDEQIRE
SRKKCRSDISVG* (30) 
 
(6)557-640 
MQTKDFCKKIRLYVTIKKK
LMEIVNKS* (28) 
 
(7)484-567 
MLTSRRWDAKKLECSSKE
IILGIPDAD* (28) 
 
(8)672-743 
MFSNLVEYMERKVRNKAV
WIQRM* (24) 
 
(9)269-331 
MYSVIHKYLINSIIPFKDFC* 
(21) 
 
(10)808-761 
DFFLLLRTTVTYKTL* (16) 
 
 
 

TTGAGTGTAGTAGTAAAGAAATAATTCTA
GGTATACCAGATGCAGACTAAAGATTTT
TGTAAAAAAATCCGCTTATATGTTACAAT
TAAAAAAAAACTTATGGAAATTGTAAATA
AGTCTTAAGTCTGTTAAGTGTTTAGGAG
GGAAACACAAGATGTTCTCTAATTTGGT
GGAATACATGGAGAGAAAAGTGAGAAAC
AAGGCAGTTTGGATACAGAGGATGTAGT
GGATATAGTATGTGTGTTAGAGTGTTTT
GTAGGTCACTGTAGTTCTAAGGAGGAGA
AAAAAATCAT (810) 

MSTRG.56151.1 (1) 
P450 6k1-like [Leptinotarsa 
decemlineata] 
(96%;39%)/P450 6k1-like 
[Anoplophora 
glabripennis](98%;40%) 
 

Lower (1) 
Cytochrome 
P450 
superfamily 
(IPR036396)/C
ytochrome 
P450 family 
(IPR001128) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0005506 
iron ion binding 

(1)876-1 
MLLTSTWNLSILLIFIALYVL
YKYFTRNFNYWEKRGIFYI
KPLPFFGNFFDTFTFKSTI
AHGLKAIYDQSKGDFVGA
FVFDTPVLILRSPKLIEHVLI
KDFSFFKDRSLASPKHNPI
VANWLLFQGYSDWKKTR
PKITSIFSSGKIKGMFYTAK
PIIDDMYAFITNKDVVIEVK
DLSRRYSTEVVSRCYFGM
GGRCFEKGNSEIQNIATRL
FEFSARNAIIQGLHVFKPQ
WVELFKLDFMKRSDQDY
MLDAFMDVVNERKKVKA

TGTCTTACCAATTTTATTATCATTGTTAG
TAGATTCTTGCGTCTCCAAAATAATATCA
ATATAATCAAAAGCTTTTCCATCCTGTGC
TTTAACTTTTTTTCTTTCATTAACCACGTC
CATAAATGCATCCAACATGTAATCTTGAT
CACTCCGTTTCATAAAGTCAAGTTTAAAT
AACTCCACCCACTGTGGCTTAAATACGT
GTAGCCCTTGAATTATTGCATTTCTTGCA
GAAAACTCAAACAATCTTGTTGCAATGTT
TTGGATCTCGGAATTACCCTTTTCGAAA
CACCTACCACCCATACCAAAGTAGCATC
TGGAAACCACCTCTGTTGAGTATCTCCT
ACTAAGATCTTTAACTTCAATAACGACAT
CTTTATTTGTTATAAATGCGTACATGTCG
TCAATTATAGGTTTGGCAGTATAAAACAT
TCCTTTAATTTTCCCACTGCTGAAGATTG



 

 

1
73

 

GO:0016705 
oxireductase 
activity, acting 
on paired 
donors with 
incorporation or 
reduction of 
molecular 
oxygen 
GO:0020037 
heme binding 

QDGKAFDYIDIILETQEST
NNDNKIGKT (293) 
 
 

AAGTGATCTTGGGTCTGGTCTTCTTCCA
GTCCGAATACCCCTGGAACAACAACCAA
TTGGCCACAATAGGGTTATGTTTTGGAG
ATGCAAGGCTTCTGTCCTTGAAAAAGCT
GAAATCTTTTATCAAAACATGTTCTATCA
ATTTTGGAGATCTTAGAATTAAAACTGGA
GTATCAAATACAAAAGCTCCCACAAAAT
CTCCTTTTGATTGGTCATAAATAGCTTTT
AATCCATGTGCTATGGTACTTTTAAAAGT
AAATGTATCAAAGAAGTTTCCAAAGAAA
GGTAAAGGTTTTATGTAGAATATTCCTC
GTTTTTCCCAGTAATTAAAATTTCTTGTA
AAGTATTTATATAGTACATACAGAGCTAT
AAATATCAATAGGATACTCAGGTTCCAG
GTAGATGTCAGCAACATCT (878) 

MSTRG.90902.1 (1) 
PREDICTED:Zinc finger 
MYM-type protein 1-like 
[Acyrthosiphon 
pisum](27%;54%) 
 
(2) 
Zinc finger MYM-type 
protein 1-like [Myzus 
persicae] (79%;46%)/ 
repressor of the inhibitor of 
the protein kinase-like 
[Myzus persicae] 
(85%;46%) 

Higher (1) 
No hit 
 
(2) 
No hit 

(1)1696-2004 
MFSGLELNKSSNGSFKND
IGYSINQNVDNFTKCQLLE
RPWQPQNRINSHILFTQRI
KKKKALLGSPAFRTNKLV
GTFTQSKGIVLQVLRFIFL
MKNMVTIKG* (103) 
 
(2)2001-2246 
MTAQSLVPKPLTSFAKLM
GKDGAIQTHEKTSYHNEY
VQLGLNFLQSYRNPQKSV
INQIDSQRSKQIQEKKKDY
DTSRVQCS* (82) 
 

TGGAATCATCATAATCAATTAGCCCTGAT
TTTCCATTCTTGAACATAAGACTTCTACA
GATATTTCTATTTTTTTCTGTTCTGCGCT
TCTGCTATCCAATTGGTCTCAATTCCTTT
GAGGTCGTCGGCCCATCGCGTTGAAGG
TCTTCCTCGGCTCGCTTGTCTGCCCCTG
GTTTCCACTCAAGCATTTTTTGTCCATCT
GTCATCTTCCATTCTTGCCACATGTCCC
GCCCATCTCCATTTTTGGCTTGTAATAC
GTTCGATGATATCGTCCACTACGAACGT
CCTCGTTTCTTACTCTATTCCGTACGCTT
CTTTTATTAGGATATCTTACATTAAATAA
AAATGAACAGTGCGCGCACTATTGCTTC
TATAAAACATCTTTATTATTGCTACTTTTT
CCTCAACTGAGTACATTTCATCAACTTTA
TTGTTTTTTTAACAATAAATCATAAAATCA
AAATATTGACAATTCAAATATTGTTAATA
TGGTTTTTTTAATACAACTTTAAGGTTAC
CTCATTCAAGTTTTATGACATCAGAACCT
CACAGTGTTACCGAAACATCATAATAGT
GATGAAATGGGGTCCCGGTGAATTCGTA
ACTCTTTTAATCCCCTATCATAATTACAA
GCCAATTGGCAACTTTGGCCCTCAGATC
ATTTTTAGGAAACCAATCAACTACCGGT
GAATTCGTAACTAAATACAGGTATAATTT
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TTAGACTTGAAATAAACATATGGAAAATC
TCTTTGCTTTTAATTTATCAGATGGATTT
AAATAATTTAACATTGCTAAACATCTAAA
TATTAAATTTACAATTACTTGATAAAAAC
CAAGCTCGTGTAGAGCTACTTGATGAAA
ATAATATTTATAACGCGTGTTAATGAAAC
ACTATAATATTGTTTCAATTATTTTATTAA
GATATTACAATTTTTGCTATTTTTTATAG
GTACATATAATACAAATATATGATGTTTT
TAAGCAAACCAAGAAACATTCGGTTTAG
ATTTAAGGTATTAGATTTAATCAATGGTT
TCGAATTCACCAGAAGAAAGTTTCGAGT
TGGCAGGTCAGGTTATAGAAAAGTTACG
AATTGGCCGGTGTACATTTTGATTTGAA
AATTTTTGTCACTAAAAGTTACGAGTTGG
CGCGTGTCCATGAAATGTGAGGAATTTT
CAAAATGTCAATTATTTAAGAATAGACTA
ATAAATTGTATTTTTAAAATGAAGAAAAT
AATCGAAGTTTCAAAATTTCTTTCGCACT
TTTCACTAACGTGGAAACGAGACACGTT
TTATTCATAATATTATGAAAACAGAAAAA
TGTATAACTTTAAATTTTAAAACTCCAAT
AGTGAGACACTGTAATTAAAAGTAATAAA
TAAACAAAATTAAAATAAAATTAAATTAAA
TTAAATTAAAATAAAATAAAATTAAATAAA
ACTAAATATTATTAAATAAAATAAACTTAA
ATTAAATAAATAACAATAAATTAAATTAAA
TTAAAAATCATCGCGTAGATAATAAGAAA
GCTATACTTCCCCTTCTAGGTCACTCTC
TCGCAAGGGCGGATCCAGGGAGGGGG
CCATGGGGGCCATGGCCCCTCCCGAGA
ATGTAAAAAATATAAATTTAAATATTTGCT
GTTTAAATGTTTTTAGTTTCAAACACATA
TTTATATATATACAAAACAAGAGATAAAT
ATGTTTTCTGGACTAGAATTGAACAAAA
GCAGTAACGGTAGCTTTAAGAATGACAT
AGGATATTCTATAAATCAAAATGTCGATA
ATTTTACAAAGTGCCAATTGTTAGAACGA
CCTTGGCAGCCTCAAAATCGTATCAATT
CCCATATTCTGTTCACGCAAAGAATAAA
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AAAGAAAAAAGCGTTACTTGGATCACCA
GCATTTAGAACAAATAAGTTGGTGGGTA
CTTTCACACAGTCAAAAGGGATTGTTTTA
CAAGTATTGCGTTTTATTTTTCTAATGAA
AAATATGGTCACAATAAAGGGATGACAG
CCCAAAGCCTTGTCCCGAAACCTTTAAC
ATCTTTCGCCAAACTAATGGGCAAAGAC
GGAGCCATACAAACCCACGAAAAAACAT
CATACCACAACGAGTACGTTCAACTTGG
GCTGAATTTTCTACAAAGTTATCGCAAC
CCGCAAAAGTCAGTTATTAACCAGATAG
ACTCTCAAAGGTCTAAACAGATACAAGA
AAAAAAGAAAGACTACGACACTAGTAGA
GTCCAGTGTTCTTAGATCGACAAAATATT
CCTCTGAGAGGCCACCGTGATGATGGC
CTTCTGCTTCTGGACGAAGATGCTGGAC
CTAGCAATAAGGGAAA (2,331) 

MSTRG.22917.1 (1) 
No hit 
 
(2) 
No hit 
 
(3) 
No hit 

Higher (1) 
No hit 
 
(2) 
No hit 
 
(3) 
No hit 

(1)1451-1215 
XRNNVIFSYRVFARTPRY
MVDSPNLRHNCLHSNHN
KDALEINKHEEYSQIMIQE
CPSNIQHVLVCLFVYSAFL
LWFVV* (79) 
 
(2)1-234 
KRTYLFVSWSNIFWTNIF
WTRYNIFSCLYRIQATKM
RTFKRVKGIENLIKKTKTK
RVLNILLVPKQNETIQLYN
QKE* (78) 
 
(3)614-787 
MNLHNIFTCALCQNAINLR
HFIQKGKTCPTALSQLNKI
KYFLLIVPSANSLNNFHNY
* (58) 

AAAAGAACATACCTGTTTGTTTCCTGGT
CCAATATATTTTGGACCAATATATTTTGG
ACCAGGTACAATATTTTTTCTTGTCTCTA
TAGAATCCAAGCTACCAAAATGAGAACT
TTCAAAAGAGTGAAAGGCATTGAAAACT
TAATAAAGAAAACAAAGACAAAACGAGT
ACTGAATATTTTACTTGTTCCAAAACAAA
ATGAGACCATACAATTATACAATCAGAAA
GAATAATGTCACTAAACAATCAAATAATA
AATTACACTAATGAACTTGTTTCCATTGT
GACTAATTTCAAAAGAAGAAAAATAACTA
TGTTTAGGTAAATGTACTGCCTGATTAGT
TGACACTCTAAGCTCAATTCAAATAATAA
ATTGCTCCTCTACTGATTTGGACTTATTG
CATTCAGCTATGAGCCTATGAGGTACTA
TCAGCTTCCAGAGTAAAGTGTTAAACAA
TAAAGGGTGTGGGTTAAAATGTTTCAAA
CTAAATGCTGATAGTGGCAGTGATTGCC
TCCGAAGTAATATATTTCTGCATTCTGAT
TTTATTTGTAAGTTGTATAAATTGCCTCA
AATACTTGCAAAACTTATGAATATTGTTG
GAAACTGCTAAAATGAATTTACATAACAT
CTTTACATGTGCTTTATGTCAAAACGCTA
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TCAACTTAAGACATTTCATTCAAAAAGGC
AAAACTTGTCCCACAGCACTTTCCCAAT
TAAACAAAATCAAATATTTTTTACTTATTG
TACCCTCAGCAAACTCTTTGAATAATTTC
CATAATTATTAAGCACATCTTAATAGCTG
ATTTGCATTCAAAGTTGAGACTGTCAGT
ACCTTACTGTCAAGGATTTTCAGAGTGT
GACATTACACTGATAAAATAGCAGAATC
CTTAATAAATTTAAACCTTACAATAGGAC
TTTTCAATGCTTCTCATTTGTTTCGAGCC
TCTGTCATATGTTGTATACATATTAATAT
TATACAAGGATTATATTACATATAACAGA
GGTTAGAAACAAATGAGAAGCGTTGAAA
AGTCCTATTACTGTGTTCTTCATTCTATA
AACAAAGATTTCTTTTACTAAAATCTCAA
TAAAGATGCACTAGAAATAAACAAAGAC
ACGTTGAATGTTACTAGGAGCACTCCCG
ATGATTTATTGTAAAACATAATTTGGGAT
TTACAATATAGTCGATTCACTAATCTGAG
ACACAACTGTCTACACTACAAACCACAA
TAAAAATGCACTATATACAAATAAACAAA
CCAAGACATGTTGAATGTTCGAGGGGCA
CTCCTGAATCATGATTTGGGAGTACTCC
TCATGCTTGTTTATTTCTAGTGCATCTTT
ATTGTGATTGGAGTGTAGACAGTTGTGT
CTCAGATTAGGCGAATCGACCATATATC
GAGGGGTTCGAGCGAAAACCCGATAAC
TAAAAATAACATTGTTTCGANNN (1,452) 

MSTRG.25260.1 (1) 
Probable multidrug 
resistance associated 
protein lethal(2)03659 
[Leptinotarsa 
decemlineata](100%;49%)/ 
ABC transporter ATP-
binding protein [Oryctes 
borbonicus] (100%;34%) 
 

Higher (1) 
P-loop 
containing 
nucleoside 
triphosphate 
hydrolase 
superfamily 
(IPR027417)/A
BC transporter 
type 1, 
transmembrane 
domain 

(1)325-3045 
MYTWEDYFLGKVDTARKL
EIKKMLSLLYMRIAVETSG
LLVSKLGFYLLVMTYIWVN
DEAEATTVFFIMSNYGTIS
YTLGILIPDGITTTYEFLSTT
TRLNSVLQAKELPIPKIKD
KTSRPTIHIKDASISLGKEN
ILNNITLKVTPGLTLVTGQV
GSGKSSLLKLMLQSYPLN
TGDVSVEGRISYASQDPW
LFPSSVKQNILFGEDLDPK

TGTGGGATCGGTCCTCACCGGAGAGAC
CGCAGGCATTCGGATACAATTAGCGTCT
CTTTGTAAAGACAATGAAGTCGACTTTA
GTAACAAGACATTTACTCAACATATACAC
ACTACACATTACACTATATGATTGCAAAA
TCAACTGCATCATGTCGGTAGCCATTAG
TGGTCGAGGCATTTAAGCTAAATTAAAA
AAATACTCTAAATGTTTTAGTGTACTTGG
GAAACATATTGAAAAAATTCAGAATACAA
ACGAACAGATATACTGACCAACGTTTGC
AAATCTTTCAAGAAGCACTCTCTGTTATA
AAAATTATCAAAATGTATACATGGGAAGA
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superfamily 
(IPR036640)/A
BC transporter-
like domain 
(IPR003439)/A
AA+ ATPase 
domain 
(IPR003593)/A
BC transporter 
type 1, 
transmembrane 
domain/ABC 
transporter, 
conserved site 
(IPR017871) 
 
GO:0055085 
transmembrane 
transport 
GO:0005524 
ATP binding 
GO:0016887 
ATPase activity 
GO:0016021 
integral 
component of 
membrane 

RYAEVLRICALEFDLKLLE
KGDETILIDKGSNLSKGQQ
ARINLARAVYRISDIYLLDD
CLTALDNEVQDYIFKECIQ
TFLKGKICVLVTQTERHMK
QSDIVVIMKNGEIFKTTRP
TNQSLKEIKDINTLQNDDV
KEKEMVENDNRENKKLLE
AEQTVEQRKKVYEETIQK
GSVSYKNYKKYFGFGGFA
LMVIYCIVCGGFQFATSYS
DKLLTKWVDDQQHVINFK
AKLMQFNISSLDPYQNES
FTLLTNGKALKDEIKDFNF
TNNNNFTKINKSKNVNTH
NNNLTKENIIQGFDKAQEK
AKNTFKWYYIMLFSGAVM
DIIKTGIIYDICRRASINLHY
TLVKNILNAVMHFFDTHFI
GNILNRLSQDLVMMDERL
GYILNESFGVIYMMCGTAI
LIVSVNKLFIFYTVFIITCLM
ALGRIYLPFNRNMKRLEA
STRSPMIGHLNATLEGITT
VRAYKAENILTDEFDRHH
DLFTSTYYTRTVFHRAYG
FCATFLSTTLVTMLILTFIFI
DTGASAGNVGLALQQAFL
LGSFIASAVNVYTDLETM
MTSVERVFEYTDIETEKQ
DGTLVTGWPKEGSISYEY
VSLTYNKTDHILKNVSFEV
KSNEKIGIIGRTGAGKSSLI
STIFRLYGIHGKILIDKIDIKT
LPLKILRKNIAIIPQDPVLFS
GTIRSNLDPFNKFNDEEL
WSAIDKANLKSFILDL 
(908) 

CTACTTTTTAGGAAAAGTTGACACTGCT
CGCAAGTTAGAAATTAAAAAAATGCTCA
GTCTGCTCTACATGAGAATCGCAGTGGA
AACTAGTGGACTGTTGGTATCAAAACTG
GGATTCTATTTATTAGTAATGACATATAT
TTGGGTGAATGATGAAGCAGAAGCCAC
CACTGTCTTTTTTATAATGTCTAACTACG
GAACGATTAGTTACACATTGGGGATTTT
AATACCAGATGGTATTACGACTACTTAT
GAATTTTTATCAACAACAACCAGGTTAAA
CTCAGTTCTACAAGCAAAGGAGTTGCCT
ATACCCAAAATAAAGGACAAAACTTCTA
GGCCTACCATACATATAAAAGATGCTTC
AATTTCGTTAGGCAAAGAAAATATCTTGA
ACAACATTACCCTCAAAGTTACACCAGG
ACTTACATTGGTGACTGGGCAAGTAGGA
TCAGGTAAAAGTTCGTTACTAAAACTGAT
GTTGCAAAGTTATCCATTAAATACTGGT
GACGTAAGTGTAGAAGGTAGAATATCAT
ATGCTTCACAAGATCCTTGGCTGTTTCC
ATCTTCTGTGAAGCAAAATATTTTGTTTG
GAGAAGATCTAGATCCGAAAAGATATGC
CGAAGTGTTGCGAATATGTGCACTAGAA
TTCGATTTAAAACTGTTAGAAAAAGGTGA
CGAAACAATTCTAATCGACAAAGGATCA
AATTTAAGTAAAGGCCAACAAGCCAGAA
TTAATTTGGCAAGAGCTGTATACAGAAT
CAGTGATATATACCTACTAGATGATTGC
CTCACTGCCTTAGATAATGAAGTCCAGG
ATTATATTTTTAAAGAGTGTATACAGACA
TTTTTAAAAGGAAAAATATGCGTCCTCGT
AACCCAAACAGAACGGCACATGAAACAG
AGCGATATTGTTGTAATTATGAAGAATG
GAGAAATATTTAAAACGACAAGGCCAAC
TAATCAAAGCCTAAAAGAAATTAAGGAC
ATAAATACTCTTCAAAATGACGATGTAAA
AGAAAAAGAAATGGTTGAAAATGATAAC
AGGGAAAATAAGAAACTGTTGGAGGCC
GAGCAAACTGTTGAACAACGAAAGAAGG
TTTATGAAGAAACGATTCAAAAAGGGAG
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TGTTAGTTACAAAAACTATAAAAAATATT
TTGGATTTGGTGGATTTGCCTTAATGGT
TATATACTGCATCGTATGTGGAGGTTTC
CAGTTTGCCACAAGCTATTCCGATAAAC
TGCTGACAAAGTGGGTCGATGATCAACA
ACACGTCATAAATTTCAAAGCCAAGTTAA
TGCAGTTTAATATATCATCACTGGACCC
ATACCAAAACGAATCATTTACGTTATTAA
CGAATGGGAAAGCATTAAAAGATGAAAT
TAAAGATTTCAACTTTACAAATAACAACA
ATTTTACTAAAATAAATAAATCTAAAAAT
GTAAATACTCATAACAATAATCTTACGAA
GGAGAATATTATTCAAGGATTCGATAAA
GCTCAAGAAAAAGCCAAAAATACGTTTA
AATGGTACTACATAATGCTATTCTCTGGA
GCAGTGATGGATATTATCAAAACTGGTA
TCATATATGACATATGTAGAAGAGCATC
GATAAACCTACATTATACTTTAGTAAAAA
ATATTCTGAATGCTGTAATGCATTTCTTT
GACACTCATTTTATTGGCAATATTCTGAA
TAGGCTATCACAAGACTTGGTCATGATG
GATGAGAGACTTGGATACATTCTCAATG
AATCTTTTGGGGTAATCTACATGATGTGT
GGAACAGCAATACTGATCGTATCGGTGA
ATAAATTATTTATATTTTATACAGTTTTTA
TAATAACATGTCTTATGGCATTGGGACG
AATATATTTGCCTTTCAACAGAAATATGA
AAAGGCTAGAAGCTTCCACTCGTAGCCC
AATGATTGGTCACCTAAACGCAACCTTG
GAAGGTATAACAACAGTAAGAGCATACA
AAGCTGAAAATATCCTAACAGATGAATTT
GATAGACACCACGACCTATTCACTTCCA
CTTACTATACTAGAACTGTATTTCATCGC
GCATATGGATTCTGCGCAACCTTTCTTA
GTACAACTTTAGTAACTATGCTCATTTTG
ACGTTCATTTTTATAGATACAGGTGCCA
GTGCAGGAAACGTTGGCCTAGCCCTAC
AGCAAGCATTCCTGCTTGGAAGCTTCAT
CGCCTCGGCAGTGAACGTATACACAGA
CCTGGAAACAATGATGACATCAGTCGAA
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AGAGTCTTTGAATATACAGACATTGAAA
CTGAAAAACAAGACGGAACCTTAGTAAC
TGGTTGGCCAAAAGAAGGAAGCATATCA
TACGAATACGTGTCTTTAACTTATAACAA
GACCGACCATATATTAAAAAACGTTAGTT
TTGAAGTTAAAAGCAACGAAAAAATTGG
AATAATTGGACGAACAGGAGCGGGAAA
ATCATCTCTTATTTCAACAATATTTAGAC
TGTATGGAATACATGGCAAGATACTGAT
AGATAAAATTGATATCAAAACGCTACCA
CTAAAAATCCTCAGGAAAAACATTGCTAT
AATTCCTCAAGATCCAGTACTTTTTTCTG
GCACTATCCGATCAAACTTGGACCCCTT
TAATAAATTTAACGATGAAGAGCTTTGGA
GCGCCATCGATAAAGCAAATTTGAAAAG
TTTCATTTTAGATTTGGA (3,047) 

MSTRG.41828.1 (1) 
EAL domain-containing 
protein [gamma 
proteobacterium symbiont 
of Ctena orbiculata] 
(18%;41%) 
 
(2) 
Serine beta-lactamase-like 
protein LACTB, 
mitochondrial [Rattus 
norvegicus] (54%;31%) 

Higher (1) 
No hit 
 
(2) 
No hit 

(1)3-857 
HPDEYNGELERKYEKPGR
LTRITGEDQIRMSELEIQY
EGRWVRKYLEEQFPHFT
RDQIRRTRAEPQYQELLE
RLREDRERTPPGSPVPGT
SNTESFVNHSSGTESSPE
RRSVEGISEHRSNPERTA
SQGGDVSASLTLNVLDAD
AEEFVPMGNRAALATYLD
EYFRTHDTWSDPEREIYR
NSQLDNAEERREGVRLLL
DEYITTDILSVSTGKRRSK
NANSKAKTAPVINNRDHE
RALNYRLAQHRYRTDRSS
LAQAIIDGKPLWGVDASP
NIKAVEKEYRAIFS (286) 
 
(2)418-630 
MCWTPMPRNSFRWETVR
RWPLISTSILERMIHGAIRK
ERSIETLNWITLRNVERVS
DCCWTNTSPLIYYQ* (71) 

CACATCCTGACGAGTACAACGGGGAGC
TCGAGCGGAAATACGAGAAACCTGGAA
GGCTGACAAGGATCACTGGTGAGGACC
AGATCCGTATGAGTGAATTGGAGATCCA
ATATGAGGGTAGATGGGTCCGTAAGTAT
CTGGAGGAGCAATTCCCCCATTTCACAC
GGGACCAGATTCGGCGGACGCGCGCC
GAACCTCAATACCAGGAACTCCTCGAAA
GACTCAGGGAGGACAGGGAACGGACCC
CACCTGGGAGTCCGGTTCCCGGAACTT
CTAACACCGAGTCATTCGTAAATCACTC
ATCGGGGACGGAATCTTCTCCTGAGAG
ACGGTCAGTCGAGGGCATATCGGAACA
CCGATCGAACCCCGAACGTACTGCTAGT
CAGGGCGGTGATGTGTCAGCTTCACTG
ACTTTGAATGTGTTGGACGCCGATGCCG
AGGAATTCGTTCCGATGGGAAACCGTG
CGGCGTTGGCCACTTATCTCGACGAGTA
TTTTAGAACGCATGATACATGGAGCGAT
CCGGAAAGAGAGATCTATCGAAACTCTC
AACTGGATAACGCTGAGGAACGTCGAG
AGGGTGTCAGACTGTTGTTGGACGAATA
CATCACCACTGATATACTATCAGTGAGC
ACAGGGAAGCGAAGATCGAAAAATGCA
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AATTCAAAGGCGAAAACCGCCCCTGTGA
TCAACAACAGAGACCACGAAAGAGCGC
TGAACTACCGTTTAGCGCAACATCGATA
TCGAACGGACAGATCTTCTCTGGCTCAG
GCAATCATAGACGGCAAACCCCTATGG
GGGGTCGATGCGAGCCCTAATATAAAG
GCTGTTGAAAAAGAATATAGAGCGATAT
TCTCAT (858) 

MSTRG.79626.1 (1) 
No hit 
 
(2)  
No hit 
 
(3) 
No hit 
 
(4) 
No hit 

Higher (1) 
No hit 
 
(2) 
No hit 
 
(3) 
No hit 
 
(4) 
No hit 

(1)1467-1796 
MQLCRLPMSLHSSFFIPC
NFYKGGNRYKRESVSELR
NPKILLFLNIYLFENGLFWV
STFCKPLYFDETESFQVR
KICRNANKKKKPKTITPNS
KTLKPKPKSRRKPNGN* 
(110) 
 
(2)986-798 
MNSTNIKADRFILNINIRYSI
FKPSNLTRTFYFQLFTSY
MYHIVTLYIFFCKLYGFRE
NCNK* (63) 
 
(3)1335-1150 
MDHFELFCSHQESNCND
AQSMSISKEVYFLVGVCL
EWSMVRRFRKSNGFLLS
DVNLWVTFH* (62) 
 
(4)1694-1843 
MQKRQQKKKTKNHNTKL
QNSKTKTKIQTKTKRKLNP
ETIEYCLGFRKIK* (50) 
 

GAAAAGAGGGCTCTGCGCAAGAGAATT
GAAGTTTGAGCTAAGAGATAGGTTGCCT
AGGTACTACGTTTTCTCGACTTTTTTTTC
ATGAAATGAAAGCTTGGAACTTGGATGC
GACATTAATGAAAAAAGTGGAGGCATTT
AAGTTGTGGGTGTACAGAAGAATCCTGA
AAATATCATGGACAGAACACGACACAAG
CTAAAAGGTTCTGAGAAAAATTAATAAAT
AATTAAAATCTCATTCACTATTTAATCAA
GAAAATTAGAATATTTAGGCCATACTACA
CGTGAACAGAGATCCAACCTGCTCAAAC
TGATTATGCAGTAAAAAATTCAAGTAAG
GATGCAACGCTAAACTCGGCTTTTGAAA
AAAAAAGATGGTCGAAATTAGCACGCAA
TTTGAAATAAAGTGAAGAAAGTATAAAAT
AGAGAAGAAGGAAGGAAGAAGAATAGA
ATAGAGCACCGGCTAAGTAGCTTGAGAA
ACAAGAGACTAAAAAGAAGGTCGGATTC
GAGGGCCAGAAAAAGGAATAAAATTAAA
ACAGATTTCTTTCTGAAATAATTTGAGCG
TGAAAGAAGGAGAGCTGGAAGAGTAAA
ACAGAAATTAGATAAATAAAACCAGACA
GAGATCCTGAACAAACTAAAATGGAGGG
CGCCAGTCTTACTCTATAGCAAATTAAC
AAATATATAGATAACTAAACTTTCCTGAT
ATAAAATTTCAGTTGTTTCATCCTAAACC
AACTACCCGTTGAATTGAAACTGGAAAG
AGATAATATGTAATAAGCAAAAACGAATT
TACTAAATTATTTATTACAATTTTCACGAA
AACCGTACAATTTACAAAAGAAAATATAC
AATGTTACAATGTGATACATATAGCTGGT
AAAAAGTTGAAAATAAAAAGTCCTAGTAA
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GATTTGATGGTTTAAAAATAGAATATCTA
ATATTAATATTTAAAATAAACCTATCAGC
TTTTATGTTTGTACTGTTCATTGAAATTTA
AATAAACTTAAAAAATAAAATACCGGAAT
ATTTGAGATATATATTTTACCGCTTTTTG
ACCAGTAGCGATAGAAAATCCTGGATAA
AGTCTCCCTGAAGACTTTAGTTGGCTGG
TATTCACATCAGCGATCACCACACCGTG
GTAGAGAGAAGTTCAATGGAACGTGACC
CATAAATTCACGTCCGATAGAAGAAAAC
CATTCGATTTTCGGAAGCGTCTAACCAT
AGACCATTCCAGACAGACTCCAACCAGA
AAGTAAACCTCTTTAGATATAGACATGCT
CTGAGCATCATTACAGTTGCTTTCCTGA
TGAGAACAAAAGAGTTCGAAATGGTCCA
TAGAAAGATGGTAATGATCTCTGAATCG
AAATTAAATATAATGCCTTTTATCTACCT
ACGGTTTTACTCACGTATCGAGTACTAG
GAAGCAGATTTGTTGATCTTTACCTCAG
TGAATTGATATGTTGTGGAATGCAACTAT
GTAGACTCCCCATGTCTCTACATTCATC
ATTCTTTATTCCTTGCAATTTTTATAAGG
GTGGGAATAGGTATAAGAGAGAATCTGT
TTCCGAATTAAGAAATCCAAAGATTTTAT
TATTTTTGAACATTTATTTGTTTGAAAATG
GCCTCTTTTGGGTTTCGACATTTTGTAAA
CCTCTTTACTTTGACGAAACGGAAAGTT
TCCAGGTACGGAAAATATGCAGAAACGC
CAACAAAAAAAAAAAACCAAAAACCATAA
CACCAAACTCCAAAACTCTAAAACCAAA
ACCAAAATCCAGACGAAAACCAAACGGA
AACTAAACCCTGAAACAATAGAATATTGT
TTAGGATTTAGAAAAATAAAGTGACAATT
TTTTTGCCGGGATAGAAAAAGAAATTCA
AATAATTATTACCTTGTATAATGGATCTT
CACACAAACCACTGCTTGCCACAACAGT
AAAATGAAGACAATCAGATATTAGTGGT
GTTTCAAAAACGAACTTTACAAAACGAC
GCATAGAGGTGGGAACGGATATATTTTT
GGTAGGGGCTTTGTAACTGTAACAAGGA
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GAAGCACAGGGAGACGTAGAATATCAAA
AGTGAGAGAATGGTACGAATGTACCATC
AAATGAACTTTTCAGAGCAGATCCGTCT
CTAAACAGATAGCGCTTAAATAATAAGTA
ATAATAAAAGAGGATCATACTTGCTGTAA
GTACCTATAACGATTTTATTAGGTTTTTC
CTGATATTTTATCTTCTCAATTTATTTGTA
TTGTAAAAACGCCCTATGGTGCTACTTG
TATCATTTTGTAAAACGCAAATTCTTTTA
ACTGTAACTTATAGAAATTAGGCAGATTT
TGTTTGGTAGCAGGAATAGGTAGTTATT
AACACATGCAGGAATGTGTTCATCATTC
ATTCTATCTTGGCCACTACTGAACGTAG
ACCTCCCATAGTTCACCCCACAAATCCC
TGCACTGAGCCGCTTGCATCCAATTTTG
ACATATCCGCTTCAGGTCATCTGTCCAT
CTTGTTGGTGGTCACTCTCTACTTCGAA
AAACGTCCTCTCTGGATGCTTTATCCAT
CTGCCGTCGTTCGTTTTC (2,574) 

MSTRG.25915.1 (1) 
Lysyl oxidase homolog 2-
like [Leptinotarsa 
decemlineata](97%;77%)/L
ysyl oxidase homolog 3-like 
[Anoplophora glabripennis] 
(95%;77%) 
 
 

Lower (1) 
SRCR-like 
domain 
superfamily 
(IPR036772)/ 
Lysyl oxidase 
family 
(IPR001695)/ 
SRCR-like 
domain 
(IPR017448)/S
RCR domain 
(IPR001190)/ 
Lysyl oxidase 
conserved site 
(IPR019828) 
 
GO:0055114 
oxidation-
reduction 
process 

(1)86-1558 
MQLSGVGVCLVVISIFGFS
VLCETPEEIKLQRALLVRK
HLKRLKKVDGGIKLVGGR
GEFEGNVEILHDGSWGAI
CDDEWDVTEAKIICKQLG
YTGANALPTVNSYFGPAR
RRYWMDNIYCNGGETEIS
NCRFDGWGQHDCASTEA
AGVICEKPEAVLKRQIPRH
AREMSRLPKDTKIRLANG
RVRTEGRVEIQIGNGDWE
VICGDGWSLLEALVICRTL
NMGYASDAMQTDFFGGN
LTKHSIGGVKCIGNEISISQ
CMHDKFATGRCESADVA
AVSCTNILADLSIDHYELM
RTAHLEDRQMFYLQCAM
EENCVASTAYEIQKENPA
WHLDSRRLLKFTAKIFNA
GNADFRPAIPKHLWEWH

ATCTAGTTCATGACATATATTACAGCTCC
GAACTCTGTTGCTTAATAGTTATCTAAAC
GCTATTACGGATGTATAGCATGAAAAAA
TGCAGTTAAGCGGAGTGGGAGTTTGTTT
AGTTGTAATTTCGATTTTTGGATTTTCAG
TTTTATGTGAAACTCCTGAGGAAATCAA
GCTTCAGAGAGCGTTGCTTGTCAGAAAG
CATTTAAAGCGGTTAAAAAAAGTAGACG
GCGGTATTAAATTGGTTGGCGGTAGAG
GAGAATTTGAAGGAAATGTGGAAATCCT
CCATGACGGCTCCTGGGGAGCGATATG
TGACGACGAATGGGATGTTACCGAAGC
GAAAATTATATGCAAACAACTCGGCTAC
ACAGGTGCAAATGCTTTACCAACAGTAA
ATTCATATTTTGGACCAGCAAGGAGAAG
ATATTGGATGGATAATATTTATTGCAATG
GCGGTGAAACTGAAATATCAAACTGTAG
ATTTGACGGTTGGGGACAACATGACTGT
GCTTCAACTGAAGCAGCGGGTGTAATAT
GTGAAAAACCAGAAGCAGTTTTGAAAAG
GCAAATTCCAAGACATGCACGTGAGATG
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GO:0005044 
scavenger 
receptor activity 
GO:0005507 
copper ion 
binding 
GO:0016020 
membrane 

MCHLHYHSMEVFATFDIY
DSKGQRVAEGHKASFCLE
DNQCLPGIKQKYACANYG
DQGISVNCSDIYKYTVDC
QWVDISDLKPGLYKMKVA
VNPEFKVAEMTFENNAAV
CDFYYSEYYGSVTNCKVQ
RP* (491) 
 

TCACGTCTTCCAAAAGATACAAAGATAA
GATTAGCAAATGGAAGAGTTAGAACGGA
AGGCAGGGTTGAAATTCAAATAGGAAAT
GGAGATTGGGAAGTAATTTGTGGAGAC
GGATGGTCCTTATTGGAGGCTTTGGTCA
TCTGTAGAACATTAAATATGGGATATGC
AAGTGATGCCATGCAAACTGATTTCTTT
GGAGGAAACCTGACAAAACATAGTATTG
GCGGTGTTAAATGTATTGGAAATGAAAT
TTCAATTTCACAGTGTATGCATGATAAAT
TCGCAACAGGGCGATGCGAAAGTGCTG
ATGTGGCCGCTGTTTCTTGTACAAATATT
CTAGCTGATCTTTCAATTGACCACTACG
AGCTTATGAGAACAGCTCACCTCGAAGA
CCGACAAATGTTTTACTTACAGTGTGCT
ATGGAGGAAAACTGTGTAGCGTCCACA
GCTTATGAAATTCAAAAAGAAAATCCTG
CATGGCATCTGGATTCAAGAAGATTATT
AAAATTTACCGCAAAAATTTTTAATGCTG
GTAATGCAGATTTTAGGCCTGCAATTCC
AAAACACTTATGGGAATGGCATATGTGT
CATTTGCATTATCACAGTATGGAAGTTTT
CGCCACATTCGATATCTACGACAGTAAA
GGCCAACGAGTAGCAGAAGGTCACAAA
GCATCATTTTGTTTGGAAGATAATCAATG
CTTACCAGGGATAAAACAGAAATATGCA
TGTGCCAACTATGGAGATCAGGGCATAT
CGGTAAATTGTTCTGATATTTACAAGTAC
ACAGTGGACTGTCAATGGGTAGACATTT
CTGACTTGAAACCAGGACTATACAAAAT
GAAAGTTGCTGTTAATCCAGAGTTTAAA
GTAGCAGAGATGACTTTCGAAAACAATG
CTGCTGTTTGCGATTTTTATTATTCTGAG
TATTATGGAAGTGTAACTAACTGTAAAGT
TCAGAGACCTTAGGATCCTGTAGTAAAT
AGTAACCTTCTACGAAGGTTATATTTAAA
AATAGTAAACTGTTTAATACACAATACTA
TTACTAAATATTGTAGCTATTGTAAATTA
TTTATTATTATACGATACATATTTAACTAC
GAATTTTTATAAAATATCTAATACAACGA
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CCGGAAACACACTATACATATAGTCTGG
GCACATTATCGGGGAATAGGCCATTTTT
GGGAAAAGTTATTTACCAGTAACTGTATT
GCTGGAATCGAATCTTATGATTGTATATA
TTAATAATATAGGTATGCAAAGTTCGCA
GATAGTGTGCTACTTTTTTTATAAACAAA
ATGGCGCCCGAAAATCGTATTTTTTTTTT
CAATTTTTG (1,928) 

MSTRG.65512.1 (1) 
Neprilysin-4-like 
[Leptinotarsa decemlineata] 
(95%;42%)/neprilysin-1 
[Anoplophora glabripennis] 
(75%;46%) 

Higher (1) 
No hit 

(1)2-265 
ISKVDSLTAAQIRHNHGTS
YENIIEEGFVTTGGSDRKS
SQSLKPFDIFLRQMSLKLR
NATESFLTDTEVFTNLDDV
VQFTRAVFSVAV (89) 
 

GATATCTAAGGTAGATAGTTTGACCGCT
GCACAAATTCGACACAACCATGGTACGT
CATACGAAAATATAATTGAAGAAGGTTTT
GTAACAACAGGTGGATCTGATAGAAAAA
GTTCACAGAGTTTAAAACCATTTGACATT
TTCCTGAGGCAAATGTCTTTAAAATTGA
GGAATGCCACTGAAAGTTTCCTAACTGA
TACCGAGGTTTTTACTAACTTGGACGAT
GTCGTCCAGTTTACAAGAGCTGTGTTTA
GCGTCGCTGTA (265) 

MSTRG.66987.1 (1) 
P450 6k1-like [Leptinotarsa 
decemlineata] 
(93%;48%)/P450 6k1-like 
[Anoplophora 
glabripennis](94%;55%) 

Lower (1) 
Cytochrome 
P450 
superfamily 
(IPR036396)/ 
Cytochrome 
P450 family 
(IPR001128)/ 
Cytochrome 
P450, E-class, 
group I Family 
(IPR002401) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0005506 
iron ion binding 
GO:0016705 
oxireductase 
activity, acting 

(1)2-421 
ESMRKYPPIPFLDRMPLS
DYTLDGTDLVVKKDMTVII
PFFALHRDENLFPNSDGY
DPERFREEIQSEGLFYLPF
GAGPRACIGKRLGLLGLL
VSLSYIVLNFKVEKCPETP
SKIEFEPKSFPLVSKQGLP
LRITPIENK* (140) 
 

AGAGTCAATGAGAAAATATCCTCCTATA
CCGTTCCTGGATAGGATGCCTTTGTCTG
ACTACACACTAGACGGTACTGATTTAGT
GGTCAAAAAGGATATGACAGTAATAATA
CCATTCTTTGCACTTCACAGGGATGAAA
ACCTTTTCCCTAACTCTGATGGATACGA
TCCAGAAAGGTTCAGAGAAGAAATACAA
TCAGAGGGACTATTTTACCTTCCGTTTG
GAGCAGGTCCCAGAGCTTGTATAGGTAA
AAGACTTGGACTGTTAGGTTTATTGGTA
TCATTATCATATATAGTACTTAATTTTAAA
GTAGAAAAATGCCCAGAAACTCCATCGA
AGATTGAATTTGAACCCAAAAGTTTTCCA
TTGGTTTCTAAACAAGGACTGCCTCTTC
GAATTACGCCTATTGAAAATAAATAAAAG
CAACATTGTAATGAAGATTTTTTATGTTA
AAAAATTATTATATCAATAAAATAATTATG
TAGTTGTTAGTAAGTTAA (501) 
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on paired 
donors with 
incorporation or 
reduction of 
molecular 
oxygen 
GO:0020037 
heme binding 

MSTRG.87517.1 (1) 
Glutathione S-transferase 
delta class member 3 
[Leptinotarsa decemlineata] 
(99%;68%)/Glutathione S-
transferase delta 
[Lasioderma serricorne] 
(99%;69%) 
 

Lower (1) 
Thioredoxin-
like superfamily 
(IPR036249)/ 
Glutahione S-
transferase, C-
terminal 
domain 
superfamily 
(IPR036282)/Gl
utathione S-
transferase, N-
terminal 
domain 
(IPR004045)/Gl
utathione S-
transferase, C-
terminal-like 
domain 
(IPR010987)/Gl
utathione S-
transferase, C-
terminal 
domain 
(IPR004046) 
 
GO:0005515 
protein binding 

(1)492-1142 
MPIDCYYVPGGAPSRNVL
LAAKACGVELNLKYMDLM
SGEQMSPEFLKLNPLHTV
PTINDNGFVLFESRAIMTY
LADQYGKDDNLYPKDPKK
RAIVDQRLYFDMSTMYGR
LADYYYPVIFGGASYDPE
KLEKIKEAFSFLDQLIDNN
DFAAGSNLTLADLALASSV
STYELLGFDFSSYKNVVR
WFEKAKATIPGYEEANAE
PLQQFKALMEKLAKK* 
(217) 
 
 

TTATTTCTTCAATACTACTTAACTTAATCT
TTAAGAAATATAATCTCTAAATACTTACT
TCGCTTCAGTTATGCTCTTTCATTGTAAT
GGTAATTTATTTAATTTACCTTGTAATTG
TTCATGGTTAACCTCCAATTTTGATACGC
TTCTGCGATAGTTCTAGTAATGATATTGC
AAGTCATCGTGATTTTCTTCTTAATCATT
CGCGAATTGTGCAGATAATTGTGAAGTG
TTGTAGGTACATGTAAGTGTGTGTAGTG
TTGCGATTTTAGATGGTTTACATTTATGT
GAAAGGAGGATAAAAAAGAAGTCGGAC
AACACCGCTTGGAAATGACTCAAAAGTT
GCGTCGAATCCCACCGGCATAAAGAAG
TCGTCCAACTTATATTTTCCATTCACATA
TTACCAGACCGTAGACCGCATTCCGCC
GGTAGTTGTGGCTAAACCAAGAAGTGTG
TAAGTTCCAGATCGACTGTCTCCTTTCA
CCGCCAATATGCCTATTGATTGCTACTA
CGTTCCTGGTGGAGCCCCATCAAGAAA
CGTCCTTCTAGCTGCCAAAGCATGCGGA
GTTGAACTTAATCTCAAATACATGGACTT
GATGAGCGGAGAGCAAATGTCCCCTGA
GTTCCTTAAACTGAACCCTCTGCATACT
GTCCCCACAATCAACGACAATGGTTTTG
TTTTGTTCGAGAGCCGAGCAATCATGAC
CTACCTTGCAGATCAATATGGTAAAGAT
GACAACCTTTATCCAAAAGATCCTAAGA
AGAGGGCTATTGTTGACCAGAGACTGTA
CTTTGATATGAGCACTATGTATGGAAGA
CTTGCTGATTATTATTATCCCGTGATCTT
CGGTGGAGCCAGTTACGATCCCGAAAA
GTTGGAAAAGATCAAAGAAGCCTTCAGC
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TTCCTCGACCAGCTCATTGACAACAACG
ACTTTGCTGCTGGCAGCAACCTCACTTT
GGCCGACTTGGCCCTTGCCTCATCAGTT
TCCACTTACGAGCTGCTAGGATTCGATT
TCAGCTCCTACAAAAACGTTGTCAGATG
GTTCGAGAAAGCAAAAGCCACGATTCCT
GGATACGAAGAGGCCAACGCTGAGCCG
CTCCAGCAGTTCAAAGCTTTGATGGAGA
AGTTGGCAAAGAAGTAGATAGGATTGGA
TACAGTATTATTGTTAAGGAAGTCTTGAT
GCTTCAAGATTATTGATTTATGCCACTTG
AAGTTGTATTTTATCTTTTTTTAATAAAAC
CTGTTATTTTTATACTTGCTTAATTTA 
(1,268) 

MSTRG.95019.2 (1) 
Uncharacterized protein 
Dyak, GE17131, isoform B 
[Drosophila yakuba] 
(72%;44%) 
 
(2) 
PREDICTED:RNA-directed 
DNA polymerase from 
mobile element jockey-like 
[Bemisia tabaci](95%;53%) 

Lower (1) 
No hit 
 
(2) 
No hit 

(1)1670-1257 
INTILALARPSDSDDPLPD
GQTNAPSVPTSDSPPDTV
TDSSSTAPTDSPPEPATD
SSSASPTDSPPEPATDSS
SASPTDSPSDSTTASSSG
SSTDLSSDSTGATPESTT
KGSAAGLFTGTKYFMATF
VIVVLNYFLM* (138) 
 
(2)2-220 
EDQVNGANRAASCLNDTI
WRNKNIGKDIKGRIYKTVI
RTIMTYAAETRPDTERTK
RLLKTAEMKTLRKIDGG* 
(73) 
 

GGAAGATCAAGTTAATGGAGCAAACAGA
GCCGCAAGTTGCCTGAATGACACAATAT
GGAGAAATAAAAATATCGGAAAAGATAT
AAAAGGCAGAATTTACAAAACAGTCATC
AGAACAATAATGACATACGCGGCAGAAA
CACGACCCGACACAGAGAGGACAAAAA
GATTGCTCAAAACAGCGGAGATGAAAAC
CCTTCGAAAAATCGATGGTGGCTAAAAG
TGCAGATATACGACAGAAGACAGGGTAA
GAAACAGAACAATAGAATGGAATGACCA
CATAAGCCGAATGACAACAGAGTAGTCA
GGACAGCGAGAGACGGTTTCCCAATAG
GCAGACGATCAGTGGTAAGACCACGAA
AACGATGGAACAACTTACTAGAGGCGCA
TTGAAAAAACAGACAGTAATGTCTATACA
AAAAGGAGAAGAACAATTTATGAAAATTT
TTATAATAAATAAACAAAATGGCATCAAT
AATCCATTGCTTTTGTGCTTATTTTTATTT
ATACAATGAGTTAACTTGTTACAATTTTC
AAATAAAATTGGTTATAACTTTGTAAAAT
ACTCTGTATAACATAACAGTCCTTTATGC
ATTTGTAATGGCGAAGTTAAGAAGATTTT
GAATATAAAATAAAATACAGGGTATTCCA
ATAAATAAAAATAAAAGACTAAGTTTTCA
CTCTAATGGCATATAGCATATCCCACCA
AAATAAAAATAAGTTTGGTCTGCCACTAT
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GTTATCGAACATCCTCTGTAACATTCTAA
TTAATTTTATAAATGTGAATCTCAAAGTT
AGCTACAATTTGTGCTATTTACATTTAAT
TGGATATGTAAATAAATTCTAATTCGGTA
AGATTCTCCTAAATTGATGCAACCCAAC
TCCAATGATAAATCGCTGTACCGTTTAG
ATACGACGATAAATTAAAACAACTCGAT
CCTTGTGATAAGTTGATGCAATCCGATA
CCAACTTCAACCCAACTCCAACTTTGAT
AAGTCGTGCGATGCACCGTTTACACACA
ATGATAAGTTGCAACAATTCGATTGATAT
TGATAAGTTGTTTGATTTATCGCTGTGTC
TAAACGCCGCTTAATATTGGTCGATTCC
AACGGTTATCAGCTTAATTTATTTATGTA
AAAATAAAATTTTATTTACAAAATTAATTT
TACAAAAATTATAATTTAATTCGAATTGA
CTTTACAACTATATTCATTTACAATCGTG
CATAAATACAAAAATATTTATTTTGATTTA
ATTTACATTAAGAAGTAATTTAAAACCAC
GATTACAAATGTAGCCATAAAATATTTCG
TGCCTGTAAATAAACCTGCAGCTGAACC
TTTCGTAGTTGACTCAGGTGTTGCACCA
GTTGAGTCACTTGATAAATCTGTCGATG
AACCAGATGACGAAGCAGTTGTTGAGTC
AGATGGAGAATCTGTAGGTGAGGCAGA
TGATGAATCCGTTGCTGGCTCAGGTGGA
GAATCTGTAGGTGAAGCAGATGATGAAT
CAGTTGCTGGCTCAGGTGGAGAATCTGT
AGGTGCAGTAGATGATGAATCAGTTACT
GTGTCAGGTGGAGAATCTGATGTTGGAA
CAGATGGTGCATTAGTTTGTCCATCTGG
TAATGGATCATCCGAATCGGAAGGTCTT
GCTAATGCTAGAATAGTATTAAT (1,670) 

MSTRG.5480.2 (1) 
Facilitated trehalose 
transporter Tret1-like   
[Anoplophora 
glabripennis](98%;62%)/Fa
cilitated trehalose 
transporter Tret1-2 

Higher (1) 
MFS 
transporter 
superfamily 
(IPR036259)/M
ajor facilitator, 
sugar 

(1)210-1721 
MNKDANIRVAAQEIEPLQK
VKVEAPVPEEEEEPFDLT
FKNIKTQLFAAIAVSWVSLI
IGYSTAYTAPAEYSLRRDF
GFNDNEISWISSFMPLGAL
LGGLGGGTLIEFIGRKWSI

ATTCACAATTCCTGCCCAAACATTGAATT
TAAAAGTTCTTTGGTGATGAGTAGAGTC
CGGAATTCTAAGCATAATGCTTATGGTA
AATAATACAAAATGGCAACCATCGGAGA
CTGCAAAATACAGAGAGCCCTTGCATTT
CGACTTCAACCACCGCGACGAACTTGTC
GTCCCTTGCTGATTCGAACTCCGCCATA
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homolog [Leptinotarsa 
decemlineata](99%;60%) 
 
 

transporter-like 
family 
(IPR005828)/S
ugar inositol 
transporter 
family 
(IPR003663)/M
ajor facilitator 
superfamily 
domain 
(IPR020846)/S
ugar 
transporter 
conserved site 
(IPR005829) 
 
GO:0055085 
transmembrane 
transport 
GO:0005215 
transporter 
activity 
GO:0022857 
transmembrane 
transporter 
activity 
GO:0016020 
membrane 
GO:0016021 
integral 
component of 
membrane 

MLTNVCFLVSWLLCYCAS
SYLYLYIGRIIIGLSVGVASL
TLPVYTAESLQPEVRGSL
GLLPTGLGNLGVLICFTLG
AFYEWQVLALVGALVSIPF
LVMIWFIPETPKFLLGKGK
LDKAKSSLQWLRGKKSDI
GKEFTDLQRIQQESNELN
ATLLDLFSKKNMKLIVVAL
GLMFFQQFSGINAVIFYTT
TIFEYAGSSLDKKYCTIIVG
VVNFGSSFIAAMLIDRLGR
KVLLYISSISMIVSLNVLGIY
FYLKDVAHTDISAIGWLPL
VSFMVYVLGFSLGYGPIP
WLMMGEIFPAKIRGPAAS
LATAFNWTCTFIVTKTFLLI
RDGIGTHYTFWMYGIIVTL
SLFFVFVFVPETRGISLADI
ERRLTGIRTTRRISSVANL
KPLPSTIG* (504) 
 
 
 

AACCAGAAAAAGATGAACAAGGACGCCA
ACATCCGGGTGGCGGCTCAAGAAATTG
AGCCTCTCCAGAAGGTGAAAGTGGAAG
CGCCAGTTCCGGAAGAGGAGGAAGAAC
CATTTGACCTCACTTTTAAAAATATCAAA
ACACAATTGTTTGCTGCAATTGCTGTATC
ATGGGTTTCTTTAATCATAGGATACTCCA
CTGCATATACAGCACCAGCTGAATATTC
CCTTCGGAGAGATTTCGGTTTTAACGAC
AATGAGATATCTTGGATTTCAAGTTTTAT
GCCTCTTGGTGCTCTACTTGGAGGACTT
GGCGGGGGAACTCTTATTGAATTCATTG
GCCGTAAATGGAGCATCATGTTAACAAA
CGTTTGTTTCCTGGTGTCCTGGTTGCTC
TGTTACTGCGCTTCAAGCTACCTATATCT
CTACATAGGCAGGATAATAATTGGGCTC
AGTGTGGGGGTAGCCTCCCTAACGCTT
CCTGTGTACACCGCTGAAAGTTTACAAC
CCGAAGTTCGAGGATCTCTAGGACTTTT
GCCAACTGGTCTGGGTAACTTAGGTGTA
CTTATTTGCTTTACTTTGGGAGCATTCTA
CGAATGGCAAGTACTTGCCTTAGTGGG
GGCTCTGGTATCCATTCCGTTCCTTGTA
ATGATTTGGTTTATACCAGAAACTCCCAA
ATTTCTTCTAGGAAAGGGAAAATTAGAC
AAAGCAAAATCATCTTTACAATGGCTTC
GTGGAAAAAAATCAGACATCGGAAAAGA
GTTCACAGATCTTCAAAGAATACAGCAG
GAATCTAATGAGCTTAATGCAACTCTCTT
AGATCTTTTTTCGAAGAAAAATATGAAAC
TTATAGTTGTAGCCTTAGGTTTAATGTTC
TTCCAGCAGTTCAGCGGTATAAACGCTG
TTATTTTCTACACAACAACAATTTTTGAA
TATGCAGGATCAAGTCTAGATAAAAAAT
ATTGTACAATAATTGTTGGTGTGGTTAAC
TTTGGATCAAGTTTTATTGCCGCGATGC
TAATCGATAGGTTAGGTAGAAAAGTTTT
GTTATATATTTCAAGTATATCCATGATAG
TGTCGTTAAATGTACTTGGAATATATTTC
TATTTAAAAGATGTAGCACACACTGATAT
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ATCGGCCATAGGATGGTTACCCCTTGTA
AGCTTCATGGTATATGTTCTTGGTTTCTC
TTTGGGTTACGGCCCCATTCCTTGGCTG
ATGATGGGAGAGATTTTCCCAGCTAAAA
TAAGAGGCCCTGCGGCATCTCTTGCTAC
TGCTTTCAATTGGACATGTACTTTTATAG
TAACCAAGACATTTTTGCTCATCCGTGA
CGGTATAGGCACGCATTATACTTTCTGG
ATGTATGGAATTATTGTTACATTATCATT
ATTCTTCGTATTCGTTTTTGTGCCAGAGA
CCAGAGGAATCAGCTTAGCTGATATCGA
AAGAAGACTGACTGGAATTAGAACTACT
AGAAGGATTAGCTCTGTAGCGAATCTTA
AACCATTACCAAGCACTATTGGATAACC
AACTAAAGCTTCTGGTATTATACAACTTA
AAAATTATTGTTTGAGTTTTATAATATGG
AAAAAATCTGTGAAAAATGCCATATGACT
TAGGTCTACAGTTTATGTGAAGATATTTA
AAAGTAGATAATTAGGTGAGGCTTACCA
TCAACTGTCCGTGGTCATATCTAAGTAA
GGCTGAATTACAAAATAATTCTAAGTTTT
TGTTATTAAATAAGGGTCTTTTTAGCAAT
AGAATATAGACATGTATGTATGTATATAA
TAAATATATTTAGGGGTTATTTATTTTGT
AATAATTATTTTTATACTAAAAATAAATAT
CTTATTTTATGCAG (2,055) 

MSTRG.26270.1 (1) 
No hit 

Lower (1) 
No hit 

(1)4381-4103 
MFIFPLPKSFEKFEKFPKW
KWKSHINLILKENCGLFST
KYCKLLIVFNYFRKILIKVC
FYFYSLSNLLFRLSNCIFN
HSQFFIMYEGTLTPL* (93) 
 

CTATACCATCAACTAGGATTTTTGAAAAA
TATTAAAATTTGGAAAAATGACGTGTTGA
AAATTTATTTTTAAATTAGCTAAAACATTT
TCAGTTTCAAAAACCGCCAAATTGACATT
TTTTATCCGATCAAAAAACCTCCAGTTG
GTGGTATAGAAAATAACTTATATTTCAAT
AATAACTTTGAAATTTTATGTTTCAGGAT
CTCTATTAGTACCAATCACTGCAGCAGT
GGAGCTATGTTTTTATTTTTACGCTGCCA
GTAGATGGCGCATAAATCGTTTAATTTTC
AATATTTTTTTATGAAAATTGTTTTACCG
GTACTTCTTTTTATAATAAATGCAAATTTT
CAAAACAATTGGTACAGTACTTTTTATTT
TAGAAATTCCCAAAAAAGTATATGAATTT
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CGTACTTTTACACTAGGATAGCCCCTTA
ATATATAGAATAGTCCAGCACAACTTGTT
TAGCAACAAAATGAAAAAATATACTTCAA
AAACAGACTCAAAATAAAATAATGCAAG
ATGTGTGTCTGTGAGTGTACATCTCTGG
AGGTAACTTTAATTTTTTATGCAAAATGA
CAAACAACTTTTGATGCCAAGAAAAAATA
AATCCTACAGTAAATAACCAAAAAGGGT
TAATGACAATGTGTGATCTCTATCAGGG
AGTAGTTCATATTTAACGTGATGTTTGCT
ACAAGTCACGACGTAGCTTGCAACGATC
ATTAACCAACCAATTGAATTGAATCGAG
CCAATGTTTTTAAAATAATTTGTACCTTTT
TATGGTCAAAACACTACCTTAATACATTT
TAAATTTTCAATTTATGTTTAGATCAAAAA
TATTTTACAAAAACAATAAAAATTAATAAA
AAAGTAAGGAGTGCTTTCTAACTAAAATT
AATTTAAGATAAAATATTCACCTATTATTT
TAATTACATAATGAATGGAATGAACATTT
CAACGGAAAAATGTAAATTAATTTTGAAA
AACCAACATTGGGATAATAATTTCCCAA
GCAATCCAGTCTAAATATAATATCAAAAC
GTACTATAGTTCTACTTCGAACAGACAA
AAAAATTCAAAACTTTTTTCCAAACAAGT
TTTGACGTAGCACCAATTATTTCCTAAAA
GACAACACACTAAACGAACTACCTCAAA
ATGTCCTTTTCTAAAAAAGAGAAGTCTCA
TCACTGGAAAATATTTCCGTACATCACTA
GCAACGCTCGATCAGCGTAGCTATAGTC
AGTCCTGCAATGTCCGATAACATTTTAA
GTATTTAAAACAAATCGCTGGCGATCTC
AATACGAGGTGTGCTACAAAATAGTGAG
ACTGATGACACCAAAGCTGCGAACAATT
CTAATTTTCAAGGAAAAATCTCGAAAAAT
GTGTTACAACCACTATGTTGGCCTGATA
TGGTACTAAGTGATTTTTTATGTTTTATTT
AAGTCAAATTTAGCTTAAACACTGAAGG
CGTTTAACGCTGTGAAAGAAAAACGTCC
AATAATGTTTTATGGTACCAAAGCTGTGA
AAAATTCTACTTTTTAAAGGAAAACTCTC
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GAAATATGTGTTTTAAGTAACCGCTATGT
TGACCAGATATGGTTCTAAGTGATTTTTT
AAGTATTCTTTAAGTCAAATTTGGCATAA
ACATTGCAGGCTTTTATGGATGTGAAAG
AAAAACGTCTAGTAATGTTTTATGGTACC
AAAGCTGTGGAAAATTCTAATTTTCAAAT
GAAAAATCTTGAAAAATATGTTTAGATAA
CCTCTATGTTGGCCGGATATGTTCAAAT
ATAGCGTAAACATTGAAGGTTTTTAACG
CTGTGAAAGAAAAACGCCCAATAATGTT
TTACAGTACCAAAGCTGTGGAAAATTCT
AATTTTTGAAGGAAAAACTCGAAAAATGT
GTTTTAAGTAACCGCTATGTTGACCAGA
TATGATACTAAGTGATATTTTATGCTTCC
TTTAAAGACAACTTTGACTTAAACATTGC
AGGCTTTTAACGATGTGAAAGAAACACG
TCCAATAATGGTTTATTCAACACAAATTT
CGCCTAAATATCTATAATTTCGATAGTTT
AGAGCATCGTTGCACAAGCTCAAAATCG
GTAAGGAACCGATTGTTGTAGCCGTTAT
GTTGACCAGATATGATACTAAGTGATATT
TTATGCTTTCTTTAAAGACGACTTTGACT
TAAACATTGCAGGCTTTTAACGATGTGA
AAGAAACACGTCCAATAATGGTTTAATC
AACACAAATTTCGCCTAAATATCTATAAT
ATCTATAGTTTAGAGCATCGTTGTACAA
GCTCAAAATCGGTAAGGAACAGGCCAA
GAGGCCTAATATAAGAAGAAGAAGAGCA
TCGTTCTCATTATTTTATAACAACACCTT
ATATATACATAAATATATCAAGGGCTGTT
GTACAAAAACAGCGTTTTAACAAAAAATA
TACATATTGTAAATAAATCTTCCACAGAC
GTAGATTCTGTTGGTTTACAAAAATGTTA
CTAAGCATATTTGATTTTTAGACCATATT
TTATATGAGTAAAATAAATAAGAGATGAA
ACAAGAAAAAAAGACTTCTTGTCTACTTC
ATTTTGCAGTTTTCTTCTTCGCCGTCTGA
CATTGCCAAGCCTTCCCACATCGATAGT
GTAAATATTGTTTGTAGATGGCAATGCAT
TAGTTCAAATATACTTAGTTAAAGTATTT
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CAAAAGTCCTGAAGGGCACCAACGTTTA
GTCAAAGAGAGGCTTAAAACTTTTAAGA
AAATTCTGTTCCAAATTAAGCAGTTTTTA
AAAATAGAACTAACAGACTGTGAGGGAA
GACTGTGCGTATTTAGTATCCCACACGA
AAGGCTAACGTAAAAATACGGTGTGTGA
GAGTTCTGAGCAGTTATTCCTACCTAAA
TCAGGATACACATGAAGGACTAAGTTGA
ACATTCAACATCAAAATTTAAATCATTAA
TGTACTTAAAAAACACCGAAAAAAATGC
CAGACTAGTAATCAGCAACAAAATTGAC
TGAGTTGAGCTCTTTCATTTGATTTAAAA
CTCTACGACAAGAAAAACACATATTAGG
AAATATAACAGCCCCCTGGAACTTACAT
CGTAGATGTCGCCAGTGTAGATCACTTA
CATTGACGGGTTTCATCGAGTAGTTCAA
ATATCACACAGAGGAGTTCAAATGCCAC
GTGGTGTCTTAATATAAATTATCCAGCTC
ACATTGCTGAGATTTCCACGAAAGTAGT
ATAAATACGTTACGAAGAGATCGAATAA
TTACAAAAATAAAGTTACGCTTGCAAATC
ACAAGAAACAAATAAAAAGGAACTTTCA
CGACAAGTCAGTCTAGTAGTGAAGATCA
ATTTATATACTCAAAATAACAGAGATCAA
AAGAAAATTTTAGCAGACGTACCAAATA
AAACAAGAAGGGCATAAAACGTTGTAAA
AGGTAGGAGAAATTAAAGAAAATGTATA
GAATAAAACAAAACAATCCAAACAGGCA
AAAGCAGCACATATCACAGTTTAACAAA
ATTTTCTGTCTACATTAAAACCAAATAAA
AACATACCAAGGAGTAGTACTACTTAAT
GACATTGCTCAAACTCTCTTCCACTAAC
AAACTGGTCTAGCACATCCCAAATTAGA
TTAATTTCATACGGAACAGAATTATAACT
ACATCAAAATACAATAAGATTTGTCGTAA
TAACAATAGTAGAAAAAACAAAGTGGTTT
TATAATGCTCATAGAAAGATTGATGTGCT
GTACGAGGCAAGATTTCTACATACATGT
ATAGGACATGAAATATGTAATTTGCTTCA
TGCTGATGGTATGACAGGTAGTTTTGTC
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CCCCTCCTAATCAGGTAACGCCCATTTG
ATCACTGTAAAAACATTTTGTTTTTCTAC
TAACAAAACAGTATTCACCCGAACTATAA
TAAAACAGTCTAAACAAAACACGTCAAA
ATATAATAAATTGCACAAAAATCGTGTTT
TGCTAATTTTTTAAAACTTATCGGTTTTA
AGCCCAATAATTGCGATAATCGTGTAAC
CTGCCACGATAGTGGTGATGTCATGCTG
TCATTTGTCAAAATTATCAAGCAAGATTA
TTCCGTAATAGGTACTTCAGAGGGGAGT
TAAGGTACCTTCATACATGATAAAAAATT
GGGAATGGTTGAAGATACAGTTTGACAA
ACGAAAGAGCAAGTTTGACAAACTGTAG
AAGTAAAAACAGACCTTAATAAGAATTTT
GCGAAAATAGTTGAAAACTATTAGCAATT
TACAATATTTTGTTGAGAATAAGCCACAA
TTTTCTTTCAGAATTAGGTTTATGTGACT
TTTCCATTTCCACTTCGGAAATTTTTCGA
ACTTCTCGAATGATTTCGGAAGTGGAAA
TATAAACATCAAATAAAATGAATTTCAAA
GTTAAACATTCCAGCTCTTTTAACGGTCT
TGAGAATAATTAAGCATAATATTTATATG
CTACGTCTTTATTGTCCTCCTCTATGGA
GTAGAGTCATATAGAGCTGGAGATCTAT
ATATAAGCTATACATATCTACTTCCTCCT
CTAGTGTACTTATTACGGAATAAACTATT
GACTATTTTCTGAGATAAGATTGTGTGAT
TCTGTAACCTGTCTGTATGAATTGTCGAT
GGTTTTATTTCAAACTAATTGAAGAATTA
AAAATTAACTCTGTACAGAATTACCACGA
ATAAGTAAAGAAAAATTGGCAGCTTGAC
GTCACACTAATATCGCGCATAAAAAAAC
GAACTCAAAGCGATAGTTATTTAAATGTA
TAGTGGACTCTGTGTATTCAACTAGTTG
TTATTTCTAAAAGTAATTATTTCCAAACA
CCCTGTAGGAAAACACAAACTTAAATAA
CAAAAAACTAATGAAAAATCAAGCTACC
GTAAACGAATAACGCCAAAACTTTAATA
CAATAACATACCGAACTACCTGATTAGT
CATACTTTCAAGAAACAATTACCCTGTAT
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GAATATTGTCCCAAATTCTTTATAACATA
CAAAACGAGAAGAAAATAACATTCAACA
ACTTTTCAACTTCAACGGTGTTCGGCAG
GGAACACCCTCTAAGGCCACTTCATGTG
ACTGTGTATAACAATAATTTTTTAATAAA
AAATTTGAACACGCCAATTCCTAGGCCG
CAAAAAAATTATACTGATCTTTCATCTTG
ACCTCTTTTAATAGAGTTCCTGATACTAG
TTAAAATATTTTTAAAACCCTGCGAAAAC
GAATATCAAATATACCGTTGCACTTGTTA
AATTTTAAGTTTTTTTGCTTCTCACAAATT
CATTGGATGCCATTTAACCATTGTTTCAG
TTTGCTGTATGGTCTCAGTTGGCTGCAC
TAGCAAGTGACATTTGTTATATGTCAATT
GTCATATTTGTCTTGAGGATATGTACGAT
GTAAAATTGATACCAAATATCCACAAACT
AGCTAGGAACTGGCAAACAAATTACTGA
ACAAATATATTAAATACTCGATAATAAAT
AGTCGTGTTTTCTACAGGGTGTGTCACG
TGTGATTTGTACATAGGTGAGCAAAAAT
GTTTAAGAAAGGAAATCATAATCGAAGA
GGTCCGCCAAGCCTTCCGTCGCATCTAA
GCTGAAGTTGTACTCTGGCTGCATTAAA
GGCTCCAAAAGGACCAGCTCACTGCTC
AAAACAGGATCCATAATTCCT (5,677) 

MSTRG.39053.1 (1) 
No hit 

Higher (1) 
No hit 

(1)181-26 
MLSPFKDDTIVNINKTMGN
FIILEIRQSPHTFYGLNTYT
YVYYRKINVRFQ* (52) 

TAAATCTTGATTATCTTATCGTATCTTATT
GAAATCTCACATTGATTTTTCTATAGTAT
ACATAGGTATATGTATTAAGACCATAAAA
AGTATGTGGTGACTGTCTAATTTCCAATA
TGATGAAATTACCCATAGTTTTATTGATA
TTAACAATAGTGTCGTCTTTAAAAGGACT
TAACATAGATGATAATGATGATTTTCCAG
GATACAATTATATGAATCTAAGTTCAGAC 
(233) 

MSTRG.40933.1 (1) 
Uncharacterized protein 
LOC111058130 
[Nilaparvata lugens] 
(55%;51%) 
 

Lower (1) 
No hit 
 
(2) 
No hit 
 

(1)766-407 
MLAIIMTIFTLSAAAQKSCI
DQVVLNQVLRFFNQDVLL
LPGPRFPNIFPCRMACRR
AYLDSFRIMCPKYSNSRF
DGGQYFSVLLHSSKALLIC

TTTTCAATCTTTACTCTGAAAGAATATTT
ATCGAAGCTTTGCACGAAACTGAAAAAG
ATATTCTACTAAACGGGTACCGGCTAAA
TATCATCAGGTATGCAGATGACACCATA
GTATTTGCGGACACCCTAGAAGACCTAC
ATATAAACGTAAAGACCAATATAAACGTA
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(2) 
No hit 
 
(3) 
Endonuclease-reverse 
transcriptase [Lasius 
niger](94%;46%) 
 
(4) 
Endonuclease-reverse 
transcriptase [Lasius 
niger](98%;63%) 

(3) 
No hit 
 
(4) 
No hit 
 

DPISPWDFKNFILRLLRRR
KLSLVWP* (120) 
 
(2)543-301 
MVVSTSRFFSILLRPSSFV
TRSVHGILRISFYGSYGAV
NYRLSGLRLTLIPRERLWF
LKMAPIRLKVDLAFPMRAL
TSCL* (81) 
 
(3)3-212 
FNLYSERIFIEALHETEKDI
LLNGYRLNIIRYADDTIVFA
DTLEDLHINVKTNINVKKT
KLMIVSKQKR* (70) 
 
(4)576-779 
MRNESRYALLQAILQGKIF
GKRGPGRRRTSWLKNLR
TWFNTTWSMQLFCAAAD
KVKIVMMIANIRHG* (68) 
 
 

AAGAAAACAAAGCTTATGATCGTCAGCA
AACAAAAAAGATAACAGAAGGTCAACTC
TATATCAACCAAACCCCTGTAGAAAGAG
TGAGGCACTACAACTACCTCGGCACCAT
AATAAATGAAGAATGTACCTACAAGCAA
GAGGTAAGAGCGCGCATCGGAAAGGCT
AGATCAACCTTCAACCGTATGGGGGCCA
TTTTCAAGAACCACAACCTTTCTCTTGGT
ATTAAAGTAAGTCTAAGGCCAGACAAGC
GATAATTTACGGCGCCGTAAGAGCCGTA
AAATGAAATTCTTAAAATCCCATGGACTG
ATCGGGTCACAAATGAGGAGGGCCTTA
GAAGAATGGAGAAGAACCGAGAAGTAC
TGACCACCATCAAATCTCGAGTTGGAAT
ACTTTGGACACATTATGCGAAATGAATC
CAGATATGCCCTCCTACAAGCCATCCTG
CAAGGAAAAATATTTGGAAAGCGAGGTC
CAGGAAGAAGAAGAACATCCTGGTTAAA
GAACCTCAGAACCTGGTTCAACACAACC
TGGTCTATGCAGCTTTTCTGCGCTGCTG
CAGATAAGGTGAAGATTGTCATGATGAT
CGCCAACATTCGTCACGGATAGGCACAT
CAAGAAGAAGATCAGGAATCGTGACTCC
CCCCTCCAAATTCCCATATGAAATTCTTC
TCCTAGTTAGGCTGGAGAGCGTGAGAC
GCTATAATCCTGCTATCATCTTAAATGAA
ATATTATCATCATTGTGCTTTTGCTTGCC
CGGGCGTCGAATCCCCTCTCCAAACTG
GGTCCATTTCGGCTACTCAGAGCTTAAG
ATTTTTTTTGTTAGAAGAGGCCAGAAGC
CGTTTTGTTTGTTTTTATATTTTTTGGAG
GGTGGATATGTCTAAATCTATGTATTTAT
TATTTATGCTACCTATGCTTGATGCCCG
ATATAGGTAAAGTGCCTCTTTTCTTGCAA
TTTACCACTACATATAAGGAATTATTTAT
GTATATGTATGCCTATCTAGATTCTAAAA
TTGTGAAAACTAGCATTAAGTTGTTGTAA
TATTTCGTAAATATTGTACATATACGCGT
ATGTATTGTTCGGTTTGTAAGATGTTTAT
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GCCTTGATATGATACAATACTAATTAAAA
ATACAAATTTAATGTTTT (1,317) 

MSTRG.42718.1 (1) 
THAP domain-containing 
protein 1 A-like [Athalia 
rosae] (29%;33%)/ 
PREDICTED:repressor of 
the inhibitor of the protein 
kinase-like [Vollenhovia 
emeryi](30%;40%) 
 
 

Lower (1) 
THAP-type zinc 
finger 
superfamily 
(IPR038441)/T
HAP-type zinc 
finger domain 
(IPR006612) 
 
GO:0003676 
nucleic acid 
binding 

(1)1-843 
FFCDFSVKMSRCIVKECV
YNKTKVCRRDKRNFNIHL
FTFPMDNERRESWRLALN
LNSEDLFKYSRVCHLHFN
NDAFDYEKSPFSLSLKKN
AIPSERVALADLQCSVPDI
RPSISTCYYEEPNRELPST
VQKKPPNSPTIKTDSVMD
KEVKLEIKEDIGEYTLRYLK
NQLSTSIDFENCKNEPEE
ANYSVMEDKVKCKEEFEE
HEHRCMESQLATPINLKD
FKDEPEEANYSVMADEVK
EEFEEHEHRCMENQLSTS
RDPEDCKNKAEEINYSGEI
NNGMK* (281) 
 
 

TTTTTTTGTGATTTTAGTGTCAAAATGAG
TCGATGTATTGTAAAAGAATGTGTATACA
ACAAAACTAAAGTATGCCGACGTGATAA
AAGAAATTTTAATATTCATTTGTTTACTTT
TCCAATGGACAATGAAAGACGGGAATCA
TGGAGACTCGCTTTAAACCTAAACAGTG
AAGACCTATTTAAATATTCACGTGTGTGT
CACCTACATTTTAACAATGATGCCTTTGA
TTACGAAAAATCCCCGTTTTCTCTATCTC
TGAAAAAGAATGCCATACCATCTGAGCG
AGTTGCTTTGGCGGATCTTCAATGTTCT
GTACCTGATATAAGACCATCCATCAGTA
CTTGTTATTATGAAGAACCAAATAGAGAA
CTACCATCAACTGTACAAAAGAAACCTC
CGAATTCACCTACCATAAAAACTGATTCA
GTCATGGACAAGGAAGTTAAACTTGAAA
TTAAAGAAGATATTGGAGAATATACACTC
AGATATTTGAAGAATCAGTTATCCACCTC
AATAGATTTTGAAAACTGTAAAAACGAAC
CTGAGGAAGCAAATTACTCAGTTATGGA
AGATAAAGTTAAATGCAAAGAAGAATTT
GAGGAACATGAACACAGATGTATGGAGA
GTCAGCTAGCCACTCCAATAAATCTTAA
AGACTTTAAAGATGAACCCGAAGAAGCT
AATTACTCAGTTATGGCAGATGAAGTTA
AAGAAGAATTTGAGGAACATGAACACAG
ATGTATGGAGAATCAACTATCCACCTCA
AGAGATCCTGAAGACTGTAAAAACAAAG
CAGAAGAAATCAATTACTCAGGTGAGAT
TAATAATGGAATGAAGTAAACATAACACT 
(853) 

MSTRG.45015.1 (1) 
No hit 

Higher (1) 
No hit 

(1)244-77 
PMVFLSKKFTFFSSLIVFT
STSTLLTSNHRRRFEFLLI
KCETTIFYYFIYSSNLA* 
(56) 
 

GAGACCTTATGGCAAGTGATACCTCGTT
TGAAAGGTATTGAAAATACCTATTCAGTC
ATACTAATTTTGTTTGAGTTTAAGCTAAG
TTTGATGAATAAATGAAATAATAGAAAAT
TGTAGTTTCGCATTTAATTAATAAAAATT
CAAACCTCCGCCTATGATTACTTGTCAA
AAGGGTTGACGTTGACGTAAAAACTATT
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AGAGAACTGAAAAACGTGAACTTTTTTG
ACAAAAAAACCATAGGC (245) 

MSTRG.48586.1 (1) 
No hit 
(2) 
Hypothetical protein 
TcasGA2_TC002606 
[Tribolium 
castaneum](54%;44%)/PR
EDICTED:ATP-dependent 
RNA helicase p62-like 
[Diaphorina citri] 
(51%;49%) 

Lower (1) 
No hit 
 
(2) 
No hit 

(1)1392-1120 
HQRLRSRNPPIRSARIIGD
SYDIQRQWSTRWMPTIAA
DYIQISTLTQGFIGSGLPR
STWGGLIAYVPDILCSNGV
VRKVQSAIADHLDRL* (91) 
 
(2)1315-1070 
MVHKMDANNSSRLYSDIH
PNPGFHRIGSAPVHLGRL
NRIRTGHSLFKWGRAESP
ECDCGSPRQTISHCVSDC
LNRAYRGNL* (82) 
 
 

ACCTATTTTAACCTCAGCAATCTAAGGTT
AAGCTATGGCCCATTATTTACCAAATAC
CCTGTATATTTTTGTGTTGGTCTTTGTGG
TCAAAAAATGTGTTGTTTATTTGTTTGAA
ACTGCGTATAATTTGTTTAGAACAGTAAC
ATCTTTCATGATTTCTGTTTTGTTACTAA
CTAAATATAGTTAGTAATATAGTTACTAA
CACTTTGTTTTTGATTTTGTTATGGATTT
GCCAGTTCTACCTTCTTTGTTGTTTTTTG
TGGACAAAGCTGTTCATTTGGAATAAGT
TATTTTGAAGAAGAAATCCAATCAGGGT
TCCTCCTCTTTCGTTGGTCTTTATCTCTT
TATACGACACCTTGTCAAATACCTTTTCT
AAGTCAAGGAATACTGCACTTCAATAAA
ACCAAATTTAAATAATATTTTATTTATTTC
GAAAAGAATATAACTTCTACTAATTGAAA
AACATTTCTGAAATCAGATATCATTGCCC
ATTCTTTCAAAAAAACGTTACTTTCTAGT
GCTTCAGACTGATTACGTATTCCGCAAA
ATTTTAAGCTGCAATTTGGCCTATTCTAC
AAACATTATTTCCTCAAGTAATAGGTAAT
CGTACATTAGAAAGTAACTGAAGATAGG
CCAGGATCCCGCGTACCAAAAAAGTTCA
TTATTAGCAAGCTGAAAATTTGTTAATAG
CTTAACGGTGTCTAGTCTGGCAAACTTT
CATGTATGGGAATACTGGAACAGGGGA
AGTTTTAATTGTGGGACGTGATTTTAATT
GTGGAACTTTTCATCCTGACAAGTTTAT
GATTGTGAAAACTAGCAGGTTGTTTTTAA
GTTTATTCAATAGAAAACTTTATATAACA
TATGAAGAAAATGTTTGTCCGACAAATAT
GTTAGGCATTTTAATTTATTTATTGTTTTA
TTTATTTAGCGTATGGACTTTCACAGTAC
GATAAATACACAAATATAATACATATATT
ATTCAAACACTAAAATATAATGATTGAAC
CTAAATATTAATGTCCAATTTACATAGCC
ATTCAATTGCTTCTGGGGAGCATTCCAC
AAAGTCCTAGAGGTTTCCACGGTAGGCA
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CGATTTAGGCAATCTGAAACACAATGAC
TTATAGTCTGTCTAGGTGATCCGCAATC
GCACTCTGGACTTTCCGCACGACCCCAT
TTGAACAGAGAATGTCCGGTACGTATGC
GATTAAGCCTCCCCAGGTGGACCGGGG
CAGACCCGATCCGATGAAACCCTGGGT
TAGGGTGGATATCTGAATATAGTCTGCT
GCTATTGTTGGCATCCATCTTGTGGACC
ATTGCCTTTGTATATCATAGGAATCACCA
ATTATTCGGGCAGATCTGATTGGAGGAT
TTCTAGACCTCAGTCGCTGGTGC (1,393) 

MSTRG.97619.1 (1) 
No hit 
 
(2) 
No hit 
 
(3) 
No hit 

Higher (1) 
No hit 
 
(2) 
No hit 
 
(3) 
No hit 

(1)2094-1903 
MHWLNILLLKYRGILRILGF
LTKFYKSCPCQSCCFSDF
HTFVLFVEFGLGRYIHGLV
LSHCHL* (64) 
 
(2)2778-2945 
MPRIKILIKILHFTCNICKCN
KISYNFVIRLTMLRLLYIFY
CLTRWIIVFLYCYH* (56) 
 
(3)2320-2159 
MYKMDIVLRTEGPFDFGN
FYCDISFLYFILSSRFSFYL
TVEYLELLFPLPFLL* (54) 
 

TCACGCTTCGTCACTGGATACTTCAGTC
TTAACTGTCTAATGTTGCGTTTCTTAATC
AATATTTTTCTCACAAGGAGGAATTTCCT
GTAACTGGTTGTATACCATTAATTACAAG
TAAATTTAACGAACAATTTTTTTTCTTGG
TAAAAGGTATATTTATTTAAAAACTATTAA
AAGGGCCACCAATATCACAACAAAACGT
TTTCGCTCTCTAAAAAAAGCATCATCAGT
GTTACAAGCCTAACATACTGAGCCACCC
AAAAATACAAATTAAGATCCTTTAAAAGT
TGACAATTATTAATTAAATAAGTTATGGA
ATCCAAAGGATAGATATAATCCTTATGG
ATAAGGCCCTAGGGTAACATATGACTCC
CACGTGGTACGTGGGTAGCTAGGTAATA
ATTAGGTTACCACATTGAGAGATGTGAA
AGGCAACTAAGAGGTGAAAGAGTTCAAC
TGAAGTCTCCTCTCCTTGATTTGCTACCT
GAGTGACCTTCGTGGTGTCAGATATTTC
TGTACTCTTGTATATCTTTCGCAACTGG
GTAGTAGTATCGGTCTTAATTTGTTTTAT
TTTTTAAATTTTACTAAACGCCACGAATT
TCATTTCATTTTTGACAGATTTAGTTATA
ATTTTATGTAACATGTCGACAGCTTCCAT
AACATCTAATTATGACAGTTGTTAAACAA
GTTAAGCTCAAAACGTCTCAACCTAGCA
TTTTTAGTAAGAAAATATTTCTTTTTTTAT
GTTAAAAATAGTACTCGTAGTATGAACT
GTTTCTTAACCAAAGTATAAAGTTTGGAT
CATTGGTATAAACTGAATGTGAAATTATT
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ATATTTGATAAAATAACGTCCATGGTCTA
AATTTTAAAATAGCTTAAATATGAAATTTT
ACTACACATATTTGGAGCAAAATATCAG
GAGTGATGTAATGGAAACTTATAAACGT
CAGCATCAGTGTAAAGTTATTTAATGCAA
CACCTGGTATATGGTTTTAATTTTTAAAA
TTCAACATTTTTCTTATCTGTTCTTATTAG
TTTATTTTGACTCTTATCTAGTACTGATT
AAAATAGTAATTAGATACTCTTTATAACA
AATTTTAAACAATGACTTGTGACAGTTGG
ATTTGTCACTAAATCGTGGGAAATTCGC
TATCCCGATAGCCTTATAAGCTCTGCCC
ACTAGCGTCATTTTTCAGGAAACTTTAGA
ACAGGTCAGGAAGAGATCACGTGTTCAA
TTATATGCTAGACTTGTTCTAAAAACAAT
TTAACCAATATTCGGACGCAGATATCAA
GATATACTTTTCAAATGGTTTGTGCGCC
GAATCCGAATGTGTGCTTCAAATTGTCA
AATTGGCTCTGGTTTCTGAGATATCCTA
ACCTAAAAGTGCAAAAATAGAGGTTTTT
GAGGTTATGTAGCGTCGTGATATATTTTT
CTCCCAGAAATTGTTATAACTATTTTAAA
GTGTAAGCATCGATCTTTTAAATGACGTT
AAATTTATTCAGATATCTTCTTTTTTCCCT
GAAATATCGCATTTTAACATTTTACGCAT
TTTATACATAATATGTAATGAAATCGCAA
CTATGATAGTACAACTAGACGAAAGTAC
AAATCCCATTCCTATTAAGAGAGGAGTT
AGACAAGTAGACGTAATATAGCCAACGC
TCTTTAAACTAGTTCTAGAAGACGTCTTC
AAAACTACAAACTGCTCAATATATTGTTA
ATCAACGATTAACGTTAATGGCAACAGT
TAAACCACCTCAGGTTTACTAACGGCAT
CGTGACTATAGCAAGCACATTCCAGGAA
CGGCAAATTATGATGGAAGAACTCGCAG
ACAGCTCCCAATGCGTCGGCCTAAAAAT
GGCAAAAACAATATCAAACACAGACGAC
ACCAGATGTATATTTTATAAATGGCAGTG
AGATAGAACAAGTCCATGAATATATCTG
CCTAAGCCAAACTCGACAAAGAGAACAA
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AGGTATGGAAATCACTAAAACAGCAAGA
CTGGCATGGGCAGGATTTGTAAAACTTA
GTTAAAAACCCTAAGATCCGCAAAATAC
CCCTATACTTGAGGAGCAAAATGTTCAA
CCAATGCATCCTTCCTATCGTGACATAT
GGATGGCACCTGGACCCTAACCAAGGC
AAATATGAACAAAACTAGTCACAACAGA
AAGGGTAATGGAAAGAGTAATTCTAGAT
ATTCGACGGTCAGATAAAAGGAGAAACG
ACTGGATAAGATGAAATACAAAAATGAA
ATATCACAATAAAAATTACCAAAGTCAAA
TGGACCTTCAGTTCTTAATACTATATCCA
TTTTATACATAAATTGGAAAAGTATCGTT
AAAAAACTAATGATTAATAATTTGGAACT
TTACATGTATTTATTATATTATATTATTAT
GCTGAACCTCAAATTGTAAGATCCAAAA
ATTTCAGGTGAAGGTGCTAGGTGGCGC
GTCAGTCATGCTCAATATAACCTCAAAA
ATAGCCAAAAATAGCTATTTTGCACTTTT
AGGTTAGGATATCTCAGAAACCAGAGCA
ATTCGGTTATTTGCAGATTCGTATTCAGC
ACACCAAAAACCTTTCTGTTTTGTGGATC
TCAGGCTTGCCAACCTGCATTATTGTAG
AGAATGTTGTCAGAGGGCGACAGTAATG
CAATTGATTTTTATCACATTTTACAGTGA
AAATATAGTGGCTTTGCCAGGTTCCTTTT
ATCCAACCTCATATTCAGTTAAATATTAT
CTATCCTATATCCTATAGTCATTTTATTA
AAATTATGGATGCCTCGTATAAAGATATT
AATAAAAATTTTGCATTTCACGTGCAATA
TATGCAAGTGTAATAAAATTTCATACAAC
TTTGTCATTCGGCTTACAATGTTGCGGC
TACTTTACATTTTTTATTGCCTAACACGA
TGGATTATAGTATTTTTGTACTGTTATCA
TTAGGTGTATTTTTTATGGATTGATTTTG
TTGGTTTAGTGTAGAGAAACTTAGGAAC
ATGCAGTGACTCACACTTTTACAAAGAA
TAGTCAAGCAAGAAAACATTATATAGTA
GACATTTTTAAGGTTTTAATAATTTTATTT
CCGTGCAAAAATTTTGAGAAAGTATTAT
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GACACTAGCAGTTTTGTTGATGTGATTTT
TGAATGGTTTTTGTTTTGGGTTGACACG
CATGTCTCAACATTTTTGTTTAATCTAAT
ACTGAATATTATATACGTTTTTGTAAAAT
AATGTTGTGAATCGAACATACCATAGAA
ACTTTTCTATAATTTAATAAATACCTACTA
ATGCTGTGAGCTGAAGAAATATTGTTTA
AATCTAACAACTTCATAAAATTTATTTAG
AATACTTTGTTTTGGTCAGAGAACAAAAC
CTTGACCATGATTCCTATGAACATATATT
GAGCATTAAGTTCAATTTTAGAGCACATA
TTGAACAACATAGGGCTCATAGGTAAAC
TTTGGAAACTCACATTTACTTGACACATG
TCGCTGGTCCGGAAAAAGAATGACGTAA
CTTTTGTCAATTCCTGTTTATTGCGTAAT
TAACTTCTAAAATACTGTGTACAGATGAT
ACAAAAGCGACATAACTGTAGCTATGTG
CTGAGCCACTACAGGGTAGTTGCGTCG
TTATTGAAATACACGCTATTTTAGACATT
GTTTCAGATGAATAATGACGTAACTGTTA
ATAGGGTTGAAAATGGGGGGAATTAAAT
TAAGATAATGAAATTCGGACCAATAGGG
ATGAAAATAAAAGCCATCACTGTAAGAA
TAAACGGCTTTCTAAATATTTAAAAATCT
TTTTTGTAGAGAAAAATTTTAAGATGAAG
AATGACGCAGCTGTAGATAGGGTTGAAA
ATGGGGGGATTAAATTAAGATAATGAAA
TTCGAACCAATAGGGATGAAACCAAAAG
CCGTCATTGTAAAAATAAACGCCATACC
GATGTTCCTGGACGGTTACTCTTTATTTA
ATCACTATTTTAAATATTTAAACAAATTTA
GATGAATAATGACGCAACTGTAGATAGG
GTTGAAAATGGGGTGATTAAATTAAGAT
AATGAAATAATTCGAATCATTAGAGACAA
AAATAAA (4,090) 

MSTRG.2650.1 (1) 
Acaloleptin A [Anoplophora 
glabripennis](86%;44%)/Col
eoptericin B [Tenebrio 
molitor] (58%;55%) 

Higher (1) 
Coleoptericin 
family 
(IPR009382) 
 

(1)600-313 
RLTMKFKHGSTFILIFALIV
LTGAEDDNEQRIKRSPKP
DWEVNPGANRDDDGNTN
AGVQVKNYGNDHDFEAG

TGGTTTATCATCAAAAATACTTGAAATGT
TACAAAAATTGCATATTCTTTTAGCAAAA
AATTATCACATGAGTTGTTTGGAGTATAA
AACTGTCCATATTAGTTAATTGAATTGGA
TAATATAATTTTATCTATGCAAATTAACAA
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GO:0042742 
defense 
response to 
bacterium 
GO:0005576 
extracellular 
region 

WSKVVSGPDRAKPTWHV
GGTWRF* (96) 
 

TATTATCTACTTTGTTATTATTGCTACCA
ATTATTTAATTACTTGACAAACTAAGGAA
AAACTAAAACTAGGAACTCGATTTAATTT
TTTATTAACAATAAATTAAATAAATAGTAC
AAAATACGAGAATATTTGTATTTCCTAAT
ATTCCTATTGCTATAGGATTCTAGAATCT
CCAAGTACCACCTACATGCCATGTTGGT
TTAGCTCTATCGGGTCCACTAACTACTTT
GCTCCATCCTGCTTCAAAATCGTGGTCA
TTTCCATAATTTTTCACTTGGACGCCAGC
ATTGGTATTACCATCATCATCACGGTTA
GCTCCTGGATTCACTTCCCAATCTGGTT
TGGGCGATCTTTTAATTCTTTGTTCATTA
TCATCTTCGGCGCCTGTTAAGACTATTA
ATGCGAATATTAGAATAAAAGTTGATCCA
TGTTTGAACTTCATCGTTAATCT (600) 

MSTRG.19832.1 (1) 
Dynactin subunit 2 
[Anoplophora glabripennis] 
(99%;78%)/Dynactin 
subunit 2 [Leptinotarsa 
decemlineata](99%;78%) 

Lower (1) 
Dynamitin 
family 
(IPR028133) 
 
GO:0007017 
microtubule-
based process 
GO:0005869 
dynactin 
complex 

(1)3-449 
SLYEWAEHLSATASLLDS
AQLDHIEGRLGALAQKLE
SIAEKKKEVQPDEEKDSMI
LELYDLVKNTEGITQLLPQ
TIERLKSLEQLHNKAADFA
KTLTQIEVTQAEMMSNVQ
NNKMLLQGVQESFAVNLN
EINATVVSLDARIKALKNK* 
(149) 
 

GTAGTTTATATGAATGGGCTGAACACTT
GAGTGCTACAGCAAGTCTTTTAGACTCT
GCTCAATTGGATCACATTGAAGGCAGAC
TAGGAGCGCTGGCGCAAAAGCTGGAGA
GTATCGCAGAAAAAAAGAAAGAGGTACA
GCCAGATGAAGAGAAAGACAGCATGATT
TTGGAGCTCTATGATCTGGTAAAAAATA
CAGAAGGTATTACACAGTTGCTTCCACA
AACTATAGAACGACTAAAATCTTTGGAG
CAGTTACATAATAAAGCTGCCGATTTTG
CTAAGACTCTGACCCAAATAGAAGTAAC
ACAGGCAGAAATGATGAGCAACGTGCA
GAACAACAAAATGCTTTTGCAGGGCGTT
CAAGAAAGTTTTGCAGTGAATCTTAATG
AAATTAACGCTACAGTAGTTAGTTTAGAT
GCTAGAATTAAAGCTCTCAAAAATAAATA
AATTTTTAAATTACTAACTAAATTAATTAC
AAGAAAAGAATATGCCTAGACTTTTTTAT
TTTGATTGTGTTTTTTGGTATTCAGTGAA
ATTGTTGAAAGGTATTTTGTATGTATGTA
TACTTCCATTTCAATATTCTTGGTGAGTA
TTTTTCGTTTTGAATATGTTTCAGACTGT
CTTTTCTGTCAATTTTTTATAGGACTTTTA
TTTGTTCTGTAGATTTTCTGTGTAAGACT
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ATAATTTATGGGCATATGCATCACATTGT
ATGATTTTTTTCTCCTCCTTAGAACTACA
GTGACCTACAAAACACTCTAGCACACAT
ACTATATCCCCTACATCCTCTGTATCCAA
ACTGCCTTGTTTCTCACTTTTCTTTCCAT
GTATTCCACTAAATTAGAGAACATACTGT
GTTTCCCTCCTAAACACTTAACAGACTTA
AGACTTCTTTACAATTTCCATAAGTTTTT
TTTTAATTGTAACATATAAGCGGATTTTT
TTACAAAAATCTTTAGTCTGCATCTGGTA
CACCTAGAATTATTTCTTTACTACTACAC
TCAAGCTTTTTAGCATCTCAACGTCTGCT
AGTAAGCATCATTGAATGCGCTAACCTA
CATGCTTTGTTTTCTACTCATTTTCTACG
CTTTTCAGCCATTTTTATTAGCTACAATG
AATGTTGACAGCTGTCAACAAAAATCCT
TAAAAGGTATAATACTATTAATTATTTGT
GAATCACACTGTACATTTATCGGTGAAA
GCAAAAATCACAATTAAAATCGGAATATA
TCTTCTAAAGGTAATATTGTCACATTATA
ATCCTGTCCAGAAATTTTTAACTATACTC
GTATTATAAAACTGTCTTTGAGACAAGCA
AATTCCTTGATGGCAATTTAGAACTTTTT
TATATAACATAATGTTTAATCTAAAATAAT
AATAGTTTTTATGTTGTGGTGATTTATAT
TTATTTTGTTGTCTTTTAACGCTAGTAAA
TTATTTACACAAATTA (1,449) 

MSTRG.23764.1 
 

(1) 
No hit 

Lower  (1)213-103 
ILPREKLVSMLHYCRIDIID
DFVERHRSIVSGRLYY* 
(37) 
 
(2)96-40 
MNNATSNTIGFIFLLFLK* 
(19) 
 
(3)1-48 
LNGTIKRTKGANMLL*(16) 
 
(4)62-106 

CTTAACGGAACAATAAAGCGCACAAAAG
GGGCGAACATGTTACTTTAGAAAAAGCA
GAAAAATGAAACCAATTGTATTGGACGT
CGCGTTGTTCATGAATCCCTAATAATAAA
GCCGGCCACTCACGATACTGCGGTGTC
GTTCGACAAAATCGTCGATGATATCAAT
TCTGCAGTAATGCAGCATAGAAACCAGT
TTCTCTCGTGGTAAAATTG (215) 
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MKPIVLDVALFMNP*(15) 
 

MSTRG.65003.2 (1) 
Nuclear factor NF-kappa-B 
p110 subunit-like 
[Leptinotarsa 
decemlineata](89%;74%)/R
elish protein [Sitophilus 
oryzae] (87%; 68%) 

Higher (1) 
Rel homology 
domain (RDH), 
DNA-binding 
domain 
superfamily 
(IPR037059)/p
53-like 
transcription 
factor, DNA-
binding 
superfamily 
(IPR008967)/N
F-kappa-B 
Dorsal family 
(IPR000451)/R
el homology 
domain (RHD), 
DNA-binding 
domain 
(IPR011539) 
 
GO:0006355 
regulation of 
transcription, 
DNA-templated 
GO:0003677 
DNA binding 
GO:0003700 
DNA-binding 
transcription 
factor activity 
GO:0005634 
nucleus 
GO:0005737 
cytoplasm 

(1)3-350 
APSATLHFVEQPTDRFRF
RYKSEMAGTHGSLTGINS
DKSRKPTYPTVELRNCGN
HDKVVIRCSIYQANANPK
GFYPHAHRLMMKRGREE
FDDPHDVEVGHEDGFRA
VAQLSKNYI* 
(116) 

CAGCACCCTCTGCAACACTACACTTTGT
AGAACAACCAACAGATCGGTTTAGATTT
CGCTATAAGTCAGAAATGGCGGGAACC
CATGGAAGTCTTACTGGTATTAATTCCG
ACAAATCGAGGAAACCAACATATCCCAC
AGTAGAACTAAGAAATTGTGGCAATCAC
GACAAAGTTGTTATAAGATGTTCAATATA
TCAAGCAAATGCAAACCCTAAAGGTTTT
TATCCTCATGCTCACAGATTGATGATGA
AAAGAGGGCGTGAAGAGTTCGACGATC
CTCATGATGTGGAGGTTGGGCATGAAG
ATGGCTTTAGAGCCGTGGCCCAATTAAG
CAAAAATTATATTTAAAATTATTTCCGCC
CCCTAACCCCCAAAAAAGCCATTAAAAA
AATGTGTATCTTATGAGATCCATTGGAC
AGATAGGTCTTGGAAGCGGTATCCTAAG
AGATACATTGGGCACGACAAACCACTAT
TACATGGTGGGAAAATGAGTTACAAATA
ACATAATTTTCCTGTATAATATTTGTGTA
ATTAAAAAAAGTTAA (547) 

MSTRG.75310.1 (1) 
No hit 

Higher (1) 
No hit 

(1)3-224 GTGAATGGAAAGAATACAGTTTTTTTGG
TTTTATGATGTCGCTGATAGTATTTGTGG
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EWKEYSFFGFMMSLIVFV
VKYAIPEDMKKADMNKLC
EEFNSGRELEYEVRLDEK
MMEIKYKTIFNHMVEYNFL
* (74) 

TTAAATATGCGATTCCTGAAGATATGAAA
AAAGCTGATATGAATAAATTGTGCGAGG
AGTTTAATTCTGGTAGAGAACTTGAATAT
GAAGTACGACTTGATGAAAAAATGATGG
AAATTAAGTATAAAACAATATTTAATCAC
ATGGTGGAATATAATTTTCTGTAAATATT
AGGTTTGTTCCAACTCGATACAAAATAG
TTCTTATATAAATAGAACGGTTACGAGTA
TGCGCAGTAACGAAAAATGTGTTACTGC
ACATAATTACCCGTTATTGCGCATGCGC
GTAACGATTCAAGAACGGTTTTGTATCG
TGTTGGAACAAAGCTATTAATAATTGCAA
AATTTTTATGTTTTTGTAAATAACAAAACA
TCAACTTGTACTATAATATTACTAATTCT
GTAAAAAAGTAACAATTTTTCATTTTTTAT
GTTCATTTTGTGTAACTTCTCCTGTCTGC
TGTGTAGACCAATTATGTCAGTTGTCCC
ATTACAAAGACGACTGCAAGGCCTCTTC
CCAGAAATATAATATTAAAAATAAATAAA
CATTTTCAATTCCGAATGCAATACGAAAC
AACAGCCGCATTATATTTAAGTTCAATCA
GGGAGTGCGGCAAGCACCACTACCGAT
TTCGAGACTTGTTACGCGCTCGTCAGAA
GGTGCATATGCTGCTCTGTCTGACTGAA
CCAGAATAATCCCCGGCGTCCAGTCTC
GAATTGCAACGAACGAAATGGTAGTGAT
GCCCTAGCGACACCTGCTAGAAAAAAGT
CTAAGTTTTAATCTAATAGCAAATAAAAC
AATATTTAAATATTATTTTACATTCCACCA
CATTGAAACTATGTTTAAAACGCCGCAG
TACTTCTCAACACCATGTCTGTACAATGT
AATGCACACTAGTAATAAAGAAACTCGT
ATTCACGATAAAAATAATAATAGACAAAA
TATCCCCAGCAGCCTATTACTGGATGAT
AAGTATTAAATGCCTGCCCTAATTAAATT
TTTTTTTCGTCGGTTTTTTACTAGTGCTA
TTTCTGACAATTCGACATAGCGTGGCAC
TTATTGCTAATTAAGTGGTCTAATTAAGG
ATCTTACATGACTGACACTCACTTAAAAA
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CCACATTCTTTAAGGAAATTTGCAATAAA
CTTTATATTTAATTTCTTT (1,219) 

MSTRG.3101.1 (1) 
P450 6k1-like [Leptinotarsa 
decemlineata] 
(96%;39%)/P450 6k1-like 
[Anoplophora 
glabripennis](96%;35%) 
 

Higher (1) 
Cytochrome 
P450 
superfamily 
(IPR036396)/C
ytochrome 
P450 family 
(IPR001128) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0005506 
iron ion binding 
GO:0016705 
oxireductase 
activity, acting 
on paired 
donors with 
incorporation or 
reduction of 
molecular 
oxygen 
GO:0020037 
heme binding 

(1)864-1 
MSFLNSSWLFSLATFCIGII
FLGYKYFTREFNYWKKRG
VYTPKPIPFFGNLYDVATL
KLTLYEYVQKIYDETEEPY
FGMFIFDKPVLLIKSPKLIK
DILIKDFNVFCDRTMANVT
HHNLISKFIYQQKYQTWK
STKTKMSSVFSSGMMKTF
FTNLELINKKFTEYLENISG
PVDAKYIAGHFGTEMIARC
FFATDPRCFEREPSKFRH
FVHRIFQYSLRNKFIQTGY
FFKPNLVKFFKLNFIEDSV
VQYFEQTFLEAMECRKGY
SGKPVSMVDVVNDLEKAC
DGDFPG (289) 

ACCAGGAAAATCTCCATCGCATGCTTTT
TCCAAATCATTGACAACGTCAACCATAC
TGACCGGTTTACCACTATATCCCTTTCTA
CATTCCATGGCTTCCAAAAAAGTTTGTTC
AAAGTATTGCACTACTGAATCTTCGATAA
AGTTTAATTTGAAGAACTTTACCAAATTG
GGTTTGAAAAAATAGCCAGTCTGGATAA
ATTTGTTCCTCAGACTATATTGAAATATA
CGATGAACAAAGTGTCTGAACTTCGATG
GTTCTCTTTCAAAACAACGTGGATCAGT
TGCGAAAAAACAACGCGCAATCATTTCA
GTGCCGAAATGACCCGCTATGTATTTAG
CATCCACTGGACCAGAAATATTTTCTAAA
TATTCAGTAAATTTCTTATTTATTAATTCT
AAATTCGTAAAAAACGTTTTCATCATTCC
AGAACTAAATACTGAAGACATCTTTGTCT
TTGTACTTTTCCATGTTTGATACTTTTGC
TGATAGATAAACTTCGATATAAGATTATG
GTGAGTAACATTTGCCATGGTTCTGTCA
CAAAACACATTAAAATCTTTTATCAAAAT
GTCTTTAATTAACTTGGGTGATTTAATCA
GCAAAACCGGTTTATCAAAAATAAACATT
CCAAAATATGGTTCTTCAGTCTCATCGTA
AATCTTTTGTACATACTCGTATAAAGTGA
GTTTTAACGTGGCAACATCGTAAAGATT
GCCAAAAAATGGAATTGGCTTTGGAGTG
TACACACCTCGTTTTTTCCAATAGTTAAA
TTCTCTGGTAAAATATTTGTATCCCAGGA
ATATTATCCCAATACAAAATGTTGCAAGG
CTGAATAGCCATGAAGAATTCAAGAAAG
ACATTTATCT (870) 

MSTRG.3860.1 (1) 
Peptide transporter family 
1-like [Anoplophora 
glabripennis] 
(97%;77%)/Peptide 
transporter family 1-like 

Higher (1) 
Proton-
dependent 
oligopeptide 
transporter 
family 
(IPR000109) 

(1)2-388 
LVIFGLGRPTYKIKKPEGN
VIVQVTKCIVCGIKNKFKS
KDKKEHWLDYAEEKYGE
KLVNEVKATLHVLVLFLPL
PIFWALYDQQGSGWTLM
AVRMDGNIGFYTILPDQM

TTTAGTCATCTTCGGCTTAGGAAGACCA
ACGTATAAAATCAAAAAGCCAGAGGGCA
ACGTTATAGTACAGGTTACAAAATGTATT
GTGTGTGGAATAAAGAATAAGTTCAAGT
CCAAAGATAAAAAGGAACATTGGCTTGA
TTATGCAGAAGAAAAATACGGAGAAAAA
CTAGTAAACGAGGTTAAGGCAACACTCC
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[Leptinotarsa 
decemlineata](98%;75%) 

 
GO:0055085 
transmembrane 
transport 
GO:0022857 
transmembrane 
transporter 
activity 
GO:0016020 
membrane 

QVVNPLLILAFIPLFTYYXX 
(130) 

ATGTTTTGGTTCTCTTTCTTCCGCTGCC
GATTTTCTGGGCTCTCTATGACCAGCAA
GGATCAGGATGGACTTTGATGGCAGTG
AGAATGGATGGAAACATTGGATTCTACA
CAATTTTGCCAGATCAGATGCAAGTCGT
CAATCCATTGTTGATTTTGGCTTTTATTC
CACTGTTTACCTACTACGTNNNN (388) 

MSTRG.29792.1 (1) 
Peptide transporter family 
1-like [Anoplophora 
glabripennis](98%;79%)/pe
ptide transporter family 1-
like [Leptinotarsa 
decemlineata] (99%;69%] 

Higher (1) 
MFS 
transporter 
superfamily 
(IPR036259)/Pr
oton-dependent 
oligopeptide 
transporter 
family 
(IPR000109)/M
ajor facilitator 
superfamily 
domain 
(IPR020846)/P
TR2 family 
proton/oligopep
tide symporter 
conserved site 
(IPR018456) 
 
GO:0006857 
oligopeptide 
transport 
GO:0055085 
transmembrane 
transport 
GO:0005215 
transporter 
activity 

(1)342-947 
MNKKEEMEKIPYPKSVFFI
VSNEFCERFSYYGMRTILI
LYLTNILLFSESQSLVTYH
SFSMAVYFFPIIGAIISDSF
LGKFNTILYVSMIYASGSIL
LALTASDPIGLPKVGFSVL
GLLLIAVGTGGIKPCVAAF
GGDQFRLPQQEKDLERFF
SLFYFSINAGSLISTFITPIL
RNDVHCFGNESCFPLAFA
VPGILMIISV (203) 
 
 

TAGTCGCACCGCTGTCAGTCACGCATCA
GAATATGGTCAGTGTAGTTCGAGTACCA
TAATACAGCGCGCTCGATGAACTATTAA
CTTTATTTTAACTAACGAATCGTCTATTA
AATGTTATAATTGTTTGGAAAGTTTCTTT
GACACACATTGCGAATAAAAATGTTGCA
ATTACGTCGGTGATATATGCGTATTAAAT
AATAGTGCATTAAATCAAAAATCTTGTTC
GAAATCTGTGATATATATTTTATTTGAAT
TTTTGTTGTTTTTTTTTTTGTTAAAACGG
GCTGTGTATATTGTGTTTTTTTATAAAAC
TTTTACTAGACATAATCATAATTAAAATG
AATAAAAAAGAAGAAATGGAGAAAATTC
CTTACCCGAAATCAGTATTCTTTATAGTC
AGTAATGAATTTTGCGAACGATTCAGCT
ACTATGGCATGCGAACTATCCTCATCCT
GTATCTCACGAATATACTACTGTTTAGTG
AATCACAATCCTTAGTAACTTACCATTCG
TTCTCCATGGCTGTATATTTTTTTCCAAT
CATTGGTGCCATAATTTCAGACAGTTTTT
TAGGAAAATTCAATACAATCCTCTATGTT
TCGATGATATATGCTAGTGGAAGTATATT
ACTTGCACTAACAGCTAGTGATCCCATA
GGGTTACCCAAAGTTGGCTTCTCAGTAT
TGGGCCTATTACTCATAGCCGTGGGCAC
TGGTGGTATTAAACCATGCGTCGCAGCC
TTTGGAGGAGACCAATTTCGCCTACCCC
AACAGGAGAAGGATCTAGAGAGGTTTTT
TTCATTATTTTACTTCTCCATCAATGCTG
GAAGTTTGATATCAACTTTTATTACTCCC
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GO:0022857 
transmembrane 
transporter 
activity 
GO:0016020 
membrane 

ATTTTAAGAAATGATGTACATTGCTTCGG
TAATGAGAGCTGCTTTCCTTTGGCTTTC
GCAGTGCCTGGAATTCTAATGATAATTT
CTGTAGG (949) 

MSTRG.29796.1 (1) 
Peptide transporter family 
1-like [Anoplophora 
glabripennis](98%;56%)/pe
ptide transporter family 1-
like [Leptinotarsa 
decemlineata] (95%;43%] 

Higher (1) 
Proton-
dependent 
oligopeptide 
transporter 
family 
(IPR000109) 
 
GO:0055085 
transmembrane 
transport 
GO:0022857 
transmembrane 
transporter 
activity 
GO:0016020 
membrane 

(1)2-640 
RTLPYTDTDVKYTLKGKSI
NINSGNTSAKEFSSPGHW
SINVGKKQFNKTVNLELG
GTYAVMLNKNQMEMAYTI
VTKPNSVHIAWLLPQYFIIT
AAEIMFSITGLEFSYSQAP
ASMKSLLQACFLLTTAFG
NLIIVIIESMEIFEKKSNDFF
LYCGLMVADMLIFSFMAM
RYKYIKKEESPPISEIEPIA
TKENQNGGIDNPSFVKSS
NNVNA* 
(213) 
 

TAGAACGCTACCTTATACTGACACAGAT
GTTAAGTATACCTTGAAGGGGAAATCAA
TTAATATCAACTCAGGAAACACTTCTGCA
AAAGAATTTTCCAGTCCTGGTCATTGGT
CAATAAATGTAGGAAAGAAACAATTTAAC
AAAACTGTAAACTTGGAACTTGGTGGAA
CATATGCCGTAATGCTTAATAAAAACCAA
ATGGAAATGGCTTATACGATAGTGACAA
AACCTAATTCAGTCCATATAGCTTGGTTA
CTTCCTCAATATTTTATTATAACTGCTGC
AGAGATTATGTTTTCCATCACTGGATTAG
AGTTTTCGTACTCTCAAGCCCCGGCATC
AATGAAGTCTTTACTGCAAGCTTGCTTTT
TATTGACCACTGCATTTGGAAACTTAATT
ATTGTTATTATAGAATCCATGGAAATTTT
TGAGAAGAAGAGTAACGACTTTTTCCTA
TATTGTGGACTGATGGTCGCCGATATGT
TGATCTTTTCGTTCATGGCAATGAGGTA
CAAGTATATAAAAAAAGAAGAATCACCT
CCAATATCAGAAATCGAGCCTATAGCAA
CTAAGGAAAATCAAAACGGGGGTATCGA
CAATCCATCCTTCGTAAAAAGTTCCAATA
ATGTTAATGCTTAAGAAAAACAACTCGAA
TTTTCAATTGAGAAAATTTAATTTGTTTG
GGGGCCACATTAACAACAAGTGTACTGA
TCTTTTAATAATCAAGAAATCAAGATTTA
GATAACATACCGTTAACATAAAATTGGA
GTGATCTTGTACAAGATAACAGATTATCT
AGCTTACCCTCTTTATAGTACCTATCCCA
CTTAATTTTTCTTGTAGTTATTTATTTTAT
TTATTAGTTAAAAGCATTTGACTATAAAA
TATAGAACACCTTAGTACATATTGTATAA
ATATCAGTTTACACTACCCCCAGTATTGA
AAGAAATAGAGAAATGTAAATATTTTGAC
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TGACTTTATTTATTTATTGACGTTAATGC
AACTAAATGACTATCTTTAAAAAATCCAA
AAATGTTTATTTCTTTTTAAGATGTGTAAT
TTTGGTATACTGTTGGTACCTACTTTATT
TCTTAAAAGACCTTAAAAGACTGTATATA
GGTTCCAATTGGAGATTTTCTATATTTAT
ATAATATTCCAGATTGAAAACATTTGTAA
ATTCTGAACAATAGCATTATGTGCATTAA
AGAAAGTGTACCTATATAAAAAATTATAG
AATTTAAGAAAATTTTGTTAAAATATATAT
AAAAATAGATTTATAAATACTTTATAACAT
GAAATTCTTTTGGATAAAGTTCTTTTCAG
TAGCATTTTTCAGTGCGTCACAAATGATA
GAAAAAAAGGTAAGTCCGTG (1,373) 

MSTRG.43015.1 (1) 
Carboxypeptidase Q-like 
[Anoplophora 
glabripennis](95%;61%) 
 
 

Higher (1) 
Peptidase M28 
domain 
(IPR007484) 

(1)65-1501 
MWLSTIAVLVCASLSNALS
CNLSSDLLKEIRSYQGTVD
QIINATTQGLFKGKTYDEL
AYFVDKFGARQAGSQVLE
DSIDYLLDLMQSTGYDLD
NVHGENVTIPHWIRGTQT
CEMLSPRKANIPVLTLGG
SVSTLANGFEAEAIVVKDF
DELDRVSDKVKGKIVVYN
NEYITYGVSVAYRSKGPS
KAAKYGAIATLIRSVTPFSL
NTLHTGQTAYEDSIPKIAA
ASITREHANMFQRMQDR
GDKIVLKLNIQTQNLDPVT
SRNVVAEIKGSRDPEKVV
LVSGHIDSWDVGVGAMD
DGGGAFISWYALRVLKAL
GLKPKRTLRSVLWTAEEP
GLIGVQAYGQAHKDELDK
HIFVMESDEGVFTPLGIEY
VAGDEGGCILEEILKLLTPI
DATQAKLVEFAGSDITIWR
NILPTANLLSRNENYFWY
HHSEADTMDVLDTAALDK
ATALWASVAYILADLNKDF

AAATCTCATTATCTAAATAAACAGTATAA
CAATCTCCTTCCTGTGTAATCCATTTGGT
CTGATTATGTGGTTGTCAACAATTGCCG
TGTTGGTGTGTGCATCACTATCTAATGC
ACTTTCCTGCAATTTGTCTTCGGATCTG
CTTAAAGAAATTCGTTCTTACCAAGGAA
CAGTTGACCAGATCATAAATGCAACTAC
ACAAGGACTATTCAAGGGCAAAACCTAC
GATGAACTGGCGTATTTTGTTGATAAGT
TTGGAGCCAGACAAGCAGGAAGCCAGG
TATTGGAAGATTCAATAGATTATTTACTG
GATCTGATGCAATCGACAGGATATGACC
TAGATAATGTTCATGGAGAAAATGTTAC
CATTCCGCATTGGATTAGGGGAACTCAA
ACATGTGAGATGCTGTCGCCAAGAAAAG
CTAACATTCCAGTACTAACCCTCGGTGG
TTCTGTGTCTACCTTAGCCAATGGATTC
GAGGCAGAGGCAATAGTTGTAAAAGACT
TCGACGAATTGGACAGAGTTTCTGACAA
AGTAAAAGGCAAGATTGTGGTGTACAAC
AACGAATATATTACATATGGGGTATCTGT
AGCTTACAGGAGTAAAGGACCAAGTAAG
GCAGCTAAGTATGGAGCAATAGCGACCT
TGATAAGGTCTGTAACACCGTTTTCCTTA
AATACACTCCATACTGGTCAAACTGCAT
ACGAAGACTCCATACCAAAGATAGCAGC
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PRQVPKLNIVLPSVLHV* 
(479) 
 
 
 
 

AGCTTCAATAACAAGAGAACATGCTAAC
ATGTTCCAAAGAATGCAGGATCGTGGTG
ACAAAATAGTATTAAAACTCAACATCCAA
ACCCAAAATTTGGATCCAGTTACATCAA
GAAACGTCGTTGCAGAAATTAAGGGATC
AAGAGATCCTGAAAAAGTAGTTCTAGTA
TCTGGCCATATTGACAGTTGGGACGTAG
GTGTAGGAGCTATGGACGATGGAGGGG
GTGCTTTTATTTCTTGGTATGCTTTGCGC
GTACTTAAAGCTCTTGGTTTAAAACCAAA
AAGGACTCTAAGATCTGTGCTTTGGACA
GCTGAAGAACCGGGATTGATTGGTGTC
CAAGCCTATGGCCAAGCCCACAAAGAC
GAATTGGACAAACATATTTTTGTAATGGA
ATCTGATGAAGGAGTTTTTACACCTTTG
GGTATAGAATATGTTGCTGGTGATGAGG
GAGGTTGTATTCTGGAGGAAATACTAAA
ATTGCTGACTCCAATAGACGCAACACAG
GCCAAATTAGTCGAGTTCGCAGGATCTG
ATATTACAATCTGGAGGAACATTTTACCA
ACTGCAAATTTGCTGAGTCGGAATGAAA
ATTACTTTTGGTATCATCACTCTGAGGC
CGACACCATGGACGTTTTAGATACCGCA
GCCTTAGATAAGGCCACAGCATTATGGG
CTTCCGTAGCATACATACTTGCTGATCT
GAACAAAGATTTCCCAAGACAAGTACCA
AAATTAAATATAGTGTTGCCATCAGTACT
GCACGTTTAGATTTAGTTTAATTTATTTG
TATTATTTGTATATCATTCATCATCATCAT
CAATGGCGTTACAACTCTTCGTGAGTCT
TTGTCGCGTTTAATATTGTCTTCCATGTT
TGTCTGTCCTGTATATCATTAACCCCCTA
TTAAAAAATATTACCTCACTCTTGAGACT
TTTTTTATTCAGTCATTCATGTTGAGTCT
GCCAAATGCCTCAAAAAATATGGGCCTG
CAAGTAAACGAGGAGAAAACTAAGATGA
TGGCATCAACACCCAACAATAGAGCCAC
AAACATCGGTCACCAATTCACGGTTGAT
AACTCTACCTTTGAAGTGGTGGACCAAT
TCACATACTGAGGCTCCTTGATCACCAA
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GGAGAACGTCATTATTGCGTTTATTAAAT
GGATGAACATCCATTTATTAATATATTAT
AATACTTTCATTATGTATACCATAATATC
ACTTTAATGATATTACGAACACTGTTCAC
TGAGTCAACGAACTCTATTCAGTGAAAC
AACAACGTCGTTAATTGACCGACGAAGA
CTATTCGTTATGTCAACAAGAGTGTTATT
TCTCCTAACGTATACTGCTTCATGCATC
CAATAAATTTCGTTTATTTCTACAGTTCT
TTCCGTTTATTCTTACAATTAATTCTGTT
CATTCCAACAATAAATACGGTTATTCTGA
CAAGCAACAAAAATACTAATTAGTTTTCC
CAGGATTCGAAAAAAATGAATACGATAA
TAGATACACGAAAACTTCCTTCCAGTAT
GGACTACATTTGAAAACGAAATGAAATT
ATTCGGCACTTCGGCAGAGGTAACATCA
TTGTTTAC (2,327) 

MSTRG.18102.1 (1) 
Leucine-rich repeat protein 
SHOC-2-like [Leptinotarsa 
decemlineata](99%;80%) 
 
 

Higher (1) 
Leucine-rich 
repeat domain 
superfamily 
(IPR032675)/L
eucine-rich 
repeat-
containing 
protein 20 
family 
(IPR037384)/L
eucine-rich 
repeat 
(IPR001611) 
 
GO:0005515 
protein binding 
 
 

(1)338-979 
MRPPTQYPQDIAQEAEAE
SEPDPRMGAMMICTRLAG
RAVIRVIGRCNDAKENENL
DLSDCQLMQVPDAVYHL
MRHTELKTCDLSDNVITKI
PPKFAAKFNQITELNLSHN
QVSKLPDECVSLGALERL
DISHNTFIELPDCIFKIPKLR
HLNASNNSIVDLDVDCLK
DAPSLESVDLTNNPLAPRI
YEQLSRLSDLRILLTPREK
EDWEDLTI* (214) 
 
 

CCACTCATGTATTTTAAAAAACAAATAAA
AATAAAACACTTAAAAAATAAATTAAAGC
TAGATCAAAAACAAAAACACGCGGTGAT
CTGTTCGAAATCCGCACGTTGCTCCTCG
CTAGCGCTGCTTTTTGCGTCTCTACCGC
GACGCACCGTCGTCTCAGGTCAGACGC
AACGGCGCCCCCCGGGGCAAGGGGAA
AGTATAAACAAAGCCAACGAGAGTGTAT
AAAAACCTCTCTGCGCGTCCAATAACAA
AACATTTGATTCTAAACCGCTCCAAAGC
AAAAGTGATACCAAAAGTGCATTATTCC
GCTCGTTGGTGATCAGTTTGTGACGAAA
AGATGCGCCCTCCTACACAATACCCCCA
AGATATCGCCCAAGAGGCCGAGGCCGA
AAGTGAACCCGACCCCAGGATGGGGGC
GATGATGATCTGCACCAGGCTGGCTGG
AAGGGCTGTCATCAGGGTCATCGGAAG
GTGCAACGATGCTAAAGAAAATGAAAAT
CTTGATTTATCCGATTGCCAGTTAATGCA
AGTTCCTGATGCAGTGTACCACCTGATG
AGGCACACCGAGCTCAAAACCTGTGATC
TCAGTGACAACGTCATTACAAAAATACC
TCCAAAGTTTGCCGCCAAATTCAACCAA
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ATCACAGAGCTCAACTTATCTCACAATC
AAGTGTCGAAGTTGCCTGATGAATGCGT
AAGCCTAGGTGCGCTTGAGAGACTGGA
TATATCGCACAACACCTTCATAGAATTG
CCCGATTGTATTTTCAAAATTCCCAAATT
ACGGCATCTTAATGCCAGCAATAATAGT
ATAGTTGATTTAGATGTAGATTGTTTAAA
AGATGCACCATCGTTAGAATCAGTAGAC
CTAACAAATAACCCATTGGCACCGAGAA
TATATGAACAATTATCTAGATTATCAGAT
CTCCGAATACTGCTCACTCCCAGAGAGA
AAGAAGATTGGGAAGATCTCACCATTTA
ATATTTACGTAATATATTTTGTGGCAAAT
GCTATAGACTGAAGACAGCTAATTGATA
GGTTCAGTTATAGCGGACTACTTCCTAA
ATTGTGTTCCCTCAGAGACGTATCTCGA
TTGTAGCTGTAGATCAGAGTATGTAGTC
GAATTATGACTAATAATGTAATGCAACAT
ATAAATAATATGTTACAAAATATACAAAG
GTATAATCTCCCTTTTTTGTAGTCTTTAA
TCTCAATTACTTGCAGTGAATACTTATTT
CTTTGGTAATTAATAAAAAGTATTTCAAA
AGGTACATCAAAAGTCTCAGCGCCCAGT
ATTTTTTTATATTATAAAAATGTCTAGTGA
TTGTAAACTCTTTTGGTTTTTTAGATGTT
GCATTAAAAATTGCTGAGGTGTACATAT
GCCGAGTGCAAAGTACAGATTGTCATGA
TGATCGCCAACATCCGAAACGGATAGG
CCCTACAAGAAGAAAAACATTTTAACATA
ATATGGCACGCCAATTGAACAAGTGTAT
TCTTACCAATACATTTCTGGGCCACTATT
TATACTAAATTTACAATCAAGATGCAGTA
GAAATAAACAAACCAAGACACGTTAAAT
GCTACTATTAGCACTCCCGAATCATAATT
TACAATGTATAAACTTTGGAAATCATGAT
TTGGGATTTACAATGTATTATTAAGCTCT
CATTAGATCAGCATCTTATTAATTCTATT
AATTAATGAATTATTTAAATTGCTACTCA
TGAAAACGAAACCAAAATTTAATAAAACT
TTCCAATAAAAATATTCTCAGTGCTAATT
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GATTTTAATGTATTACCTTTAGTTTGTGG
CTTCTAGTATTTCTCGTTGCTTACTTTAT
CCAGGACAAAACACGGAAAATAAATATA
CTCAAAATCATATAAATTTTTTATAACTAT
TATTTATTTATATACTATACCATAAATATA
CGATTCAAAATGTATGCTAAACTTTATTC
TGTTGTAAACATTTCTTATCTAATAAAAA
AATCTTTAATTCTACTATCTCCTTTTTTGA
ACCAAAACTTATTTAAATGATTCGGTAGA
CTGTTCTTATTATTATATAAAAAAACAAA
ATTTAATTTTCACTTTTTAAATGGATTACT
TATATCTTCTATGAATTTACGAATGAATA
AATTATGCTGTAAAACTGTTCAGTTGACA
AAAACAAATATGGTGTGTAATATAAAACA
ACTCTCTCTGTTCACAAATAATCTGACTA
ACCTTTTCTATCTTCTTTACTTCTTCTCAT
GGATTGTGATGTCCTCGGTTCTCCCACA
ACGTGCTCCTCGGATGCTCCGACTGTC
CTTCTCCTTCAAACTGTTAGCAAACAAAA
ACAGCACTCGTTCGAATTCTCTCCTCAA
TTAAATCTCTGACTCGATACAAACAATAT
CAATCTTTATAATTCCAAGATTTCTTCTC
TCAGCTCGATATCTCGTGCAAGTTGATA
TAAACCGGCCACTCGTTCCAGACAAAAA
CTGGAATCTATTCGGACACAAGGAGTTT
GTACTTCTCGACTTGATCACGATTTCATC
TCAACATGAATCTGCTTCCACGGCCACC
AAATTAACCACTTTACACAAAAATACTAC
TTTCGAACTGGACTGGTTGCTTCCGATC
TTAATTACACAGTAATTTCTTTTGCTTGC
TTTCCTCATCAATCCGAAAATCAACCACT
CTATTCTCCCTCCATCGGTCTCCTCGCC
AATCACAAGCATTCTCCATACATCATATC
ACTACTTTTTTTCTTAAGAACAAATAGTA
TTGTGTACAAATTTTATGTCTTGTCAATT
TCCAGGAGATACTAAAATTAAATTTTACT
TACATTTTAGAAAAACCCTCCATTCTAAA
CTAAACAAAATTGTTTACAATTGTTTCTT
TCTACGAAACCATTTAGAAACATGGTCT
ATTGTCCATTCCAAAGCGGCACATTAAC
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TTTCTAAAACTACCGTTTTCTAGTTCATT
GTTTTGAAATGTATTAATCTGTTCGTAGA
AACTTTACCACTAGACTTTGACTCTTCCA
CGAAACACTGCTTACGGCTAAATTATTTT
ATTTACAAATTTGGGTCATATACAAGGC
GATAAAAATTTACGATCTCGTGGTCTTTA
ACACAAAATGAATTCTCTAAATTCTCCCC
ATAAAAATTATTTAACAGTATATACATTG
TAAATTATGATTCGGGTGTGCTCCTAGT
AGCATTTAACGTGTCTTGGTTTGTTTATT
TCTACTGCATCTTGATTGTAAATTTAGTA
TATATCATGTTAGGAACAGACAACCAAA
CAACATACAAACAACAACACATAAACAC
AGAGTATGACTAGCATGGGTAGCTTATG
GAAAACTGAGGGAAGTGTTTAAATCAGA
TATTCCCATGTGCTTGAAAAGAAAGATTT
TTCCCATGTGCACCAGAAAAATAATAAAT
AAAATACAAGTAGCACAGAGGGCCAAAA
CAATGGAGAGGATAATGTTGAATATATC
TCTCATAGATACATTTTCAAATCAAATAG
AAGAAAAACTGATGTTATAGACGCAGTT
AACTGAACTAAAATGCTGGAATGGAACT
GGCAGGCCATGTTACCAGACACAGAGA
TGGAAAATGGACCAAGAAAATTTTAGTA
TAGAGATCTAGACACGATGCTTATCGTA
AACGAGGATTTCCTTACAAGATGGTCGG
ACAACATCAAGTGCATCAAGAACCACTG
GATTAATTCAAAGTGCTCAAGACCGAAA
GCAACAGAATTAACTAAGGGAGCCTATG
TTCAGCAGTGGACTCAAAATTGCTAAGA
ATGAATAATAATGGATGATGAATTGTAGA
ATATTCATTCTGCCAGTTGTTATAAAATA
CCTATGTGAAAAACATATTAAAAGTAAAG
GTTTTAAATCAGGAAACTATCGAACAAAT
TACAGAAATAAGTATACTGAAAGAGATAT
GTTTGTCCTGAAATATTTTTAAGATTATG
GACAGAAAAATAATATACCAGAGAAAGA
AAAAAGTTGATTTCTTGAATTAGTGAAAC
ACTACATAGTGTTATGTGACATACCTACA
GATTTTAAACAGTTTTTTTTTATAATCATT
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TTGTTGTAAAACGAAACAAGAGCCGTCT
TATATTTCAGTTTGTTCAGAGAGCTTCAG
CACCCTGACCGGATTCAATCCTCATTAT
GATATCATCAGAGAGTGCATATTTGATTA
TCTCTGTACAAATTAAAATTCCGGCTGC
CAGTATCGATTCACAACGAAATAACATG
ATGGTGTGGATGTCGTGGCGACATCTG
CTAAAGACAAGCGAAAGTTTTGCTTTAAT
AAAAGCATTTTTATCTAAACAATAGGTCC
TAGATATTAGAAATTTGACAAAATACATC
TGAAGGAACACAAGCTAGGAATGCTCTC
TATATGGTGCTGCATATCTAGGTCTACTT
ACTAGACAACGTTTTGTCAAGATATTTGT
ATTTTTATATAAAGGTATTTATAGTAGAT
AATTTAAAAATGACTAATTTTTCAGGTAC
TTATTTTTGAAGTACTTATGTGTGAATAT
TTTTTGTACTGACTTCCTGTTGAACTGTA
ATAATGTACTATTTGACATTGGTAATGGT
TACCATCTAGTCATATATTGTGATATGGT
TCTATATTTAGTGATTGGATGCTCTGTTT
ACAACTGTCAAATAAAGAGATCTAGTAA
AACAGTCTTTTTTTTTAAAATAACATTTAG
TCCTGTCGGGTGTTAGACGAATA (4,727) 

MSTRG.43013.1 (1) 
No hit 
 
(2) 
No hit 

Higher (1) 
No hit 

(1)184-41 
MMFLKQIVLGSTTKKIITSL
MGLYLFSYSCRVRQLFYF
GKFSGEGVL* (48) 
 
(2)260-352 
MLNQTKLHQKRVLFRRSF
CIYSPVNDHFPA* (31) 
 
(3)98-12 
MSSQTTFLFRKIFGRGRF
VNIEVTLKKI* (29) 
 
(4)333-383 
MTIFPHNFLSLHRFTF* 
(17) 
 

GTATTAACTAACTAAATTTTTTTGAGTGT
AACCTCTATATTTACAAAACGCCCTCTCC
CGAAAATTTTCCGAAATAGAAAAGTTGT
CTGACTCGACATGAATAACTGAATAAAT
AAAGTCCCATGAGGGAGGTAATAATTTT
TTTAGTAGTAGACCCAAGGACTATCTGT
TTTAAAAACATCATCTTGCGGTGGTAAAT
TTACTTTTTTTGAAGATTTACTTTTTGATA
TACATATAGTATGTGTAGTTCATATGATT
CATGTTAAATCAAACGAAGCTACACCAA
AAAAGAGTTCTTTTTAGACGATCCTTCTG
TATCTATAGTCCAGTCAATGACCATTTTC
CCGCATAATTTTCTGAGCCTGCACCGAT
TTACTTTTTGAGTAATTCGCAAAAACCCC
TTTGAAAAATGTTTTTTTTTTAAATATATT
TAATTCTCTAATGACATTTTTGCAAGAAT
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(5)261-217 
MNHMNYTYYMYIKK* (15) 
 
 

ATGATATCGATTTTAAAAACTGCAGGAG
ACCGTCCTA (497) 

MSTRG.60092.1 (1) 
No hit 

Higher (1) 
No hit 

(1)209-3 
MNHFYCCTYLYVFKLHKY
TLSLKYYLTYIHFYLIKLLN
CLFVKFLSDENRSGLAGL
PGYRGPTYRGSTV (70) 

AATACAGTGGAACCCCGATAAGTCGGC
CCCCGATAACCCGGAAGTCCGGCTAAC
CCGGACCGATTTTCATCAGACAAAAATT
TAACAAATAAACAATTTAACAATTTTATC
AAATAAAAATGTATGTAGGTCAAATAATA
TTTGAGAGATAATGTGTATTTGTGTAATT
TGAACACATATAAGTATGTACAACAGTAA
AAATGATTCATGCACACGGCGGCAGGC
AGAGCGACCGTCTCAGCTTATCGGAAA
GAACAGGCACCTGTCTGTATTCCTTTTC
CGTTATTTATGTCAAACTGTCTTAG (305) 

MSTRG.65069.1 (1) 
Reverse transcriptase 
[Tenebrio 
molitor](86%;39%) 

Higher (1) 
Reverse 
transcriptase 
domain 
(IPR000477) 

(1)3-1214 
KNIDMNRGVKQGDPLSPY
LFNMVVDELICKLEEDMQ
GLPVVDGRKVSVLGSADD
LILLSDSFNDGNKQLRTAV
GFFERRGMSINAGKSAAIT
VNVDRGNKHSYCVTHSLF
SVGNDRIKQLKPSEMFKY
LGQRYNALGQTKVAFQDL
QTQLDRISKSGLGPAQKL
NLVKTYLLPRYIDKLQSPTI
TLKALKGFDRTIRIAVRKFL
RLNRTCADAYIHAPTREG
GLGVMTMVMHVPAILRRR
LAKLMISATQATADILSLPY
ISRLWEKLVKWTSNNGGS
STFIARELSAKLETGYSGN
GLAQGSCHPESSAWIHNP
PPYWSGRDYVKAIQLRGN
LLPTKGIPSNPPQERMCR
TGCGRSESLSHVLQKCSI
AHWQRCRRHDQLVTSLR
KSCERKGWICEVEPRIRL 
(405) 

CGAAAAACATCGACATGAACAGAGGAGT
TAAGCAGGGCGACCCGCTTTCTCCTTAC
CTGTTCAACATGGTGGTCGACGAGCTAA
TATGCAAGCTCGAGGAGGACATGCAAG
GCCTACCAGTGGTAGACGGCAGGAAAG
TCTCAGTACTAGGATCTGCTGATGACTT
AATTCTGTTGTCCGATTCGTTCAATGATG
GGAACAAGCAACTCCGGACAGCTGTTG
GATTCTTTGAGAGGAGGGGGATGTCGA
TCAACGCTGGTAAGAGTGCAGCTATTAC
GGTCAATGTGGATCGTGGTAATAAGCAC
TCTTACTGCGTAACGCACTCGCTCTTCT
CGGTCGGCAACGATAGAATTAAACAGTT
GAAACCAAGTGAGATGTTCAAGTACCTA
GGACAAAGGTATAATGCCCTGGGACAG
ACCAAGGTGGCTTTCCAAGACTTGCAGA
CCCAGCTCGATCGTATTTCGAAATCTGG
TCTGGGGCCAGCTCAGAAGCTGAACCT
AGTAAAGACGTACTTGCTACCGAGATAT
ATAGATAAGCTGCAGAGTCCGACAATAA
CGCTAAAAGCTCTGAAAGGCTTTGACAG
GACCATACGCATAGCCGTGCGGAAATTT
CTGCGTCTCAACAGAACATGTGCGGATG
CCTACATTCACGCGCCTACTAGAGAGG
GTGGTCTGGGCGTCATGACCATGGTCA
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TGCACGTTCCGGCCATCTTAAGAAGGAG
ATTGGCTAAGTTAATGATCTCAGCGACG
CAGGCGACAGCTGATATACTGTCATTGC
CGTATATAAGCAGACTCTGGGAGAAACT
AGTAAAATGGACTTCGAACAACGGAGGC
AGTTCGACATTCATAGCACGTGAGCTGA
GCGCGAAGTTAGAAACTGGCTATAGCG
GTAATGGTCTTGCTCAGGGTTCTTGCCA
TCCAGAGAGCTCTGCCTGGATACATAAT
CCACCGCCCTACTGGTCGGGAAGAGAT
TACGTAAAAGCAATCCAGTTGCGAGGAA
ACCTTTTACCAACCAAGGGTATCCCGTC
CAATCCTCCACAAGAACGGATGTGTAGG
ACGGGATGCGGTAGGTCCGAGTCTCTG
AGCCACGTACTACAGAAGTGTTCAATAG
CACATTGGCAAAGATGTAGGAGACATGA
CCAGCTCGTGACCTCTCTACGAAAATCC
TGCGAACGTAAAGGGTGGATATGTGAG
GTAGAGCCGCGTATCAGACTA (1,214) 

MSTRG.78713.1 (1) 
Cathepsin L1-like 
proteinase [Diabrotica 
virgifera virgifera] 
(98%;58%)/ digestive 
cysteine proteinase 
intestain [Leptinotarsa 
decemlineata](95%;47%) 
 
 

Higher (1) 
Papain-like 
cysteine 
peptidase 
superfamily 
(IPR038765)/P
eptidase C1A 
family 
(IPR013128)/P
eptidase C1A, 
papain C-
terminal 
domain 
(IPR000668)/C
ysteine 
peptidase, 
cysteine active 
site 
(IPR000169)/C
ysteine 
peptidase, 

(1)1-648 
GVHVADPNVKLASSVDW
RSKGAVLPVRDQASCGS
CWAFSTAAALEGQLAIHK
NEKIPLSPQNLVDCSTQN
DGCDGGDQVLAFKFIKSS
GISSEADYPYVGVDQKCH
KNVHKTVSTISGYKHLSAN
ENALISALSSVGPISVSVD
ASVWSLYAGGLFDERDC
GTDINHAVLAAGYTDEYIL
VKNSWGTDWGEEGYIRL
ARGHNICQINEDNSYPIL* 
(216) 
 
 

GGGGTTCATGTCGCCGATCCAAATGTTA
AGTTGGCATCCTCTGTTGATTGGAGGAG
CAAAGGAGCAGTATTGCCTGTAAGAGAC
CAAGCTAGCTGTGGATCATGCTGGGCAT
TCAGTACCGCAGCTGCTTTGGAGGGAC
AACTAGCAATACACAAAAACGAAAAAATT
CCTTTGAGTCCACAGAATCTTGTGGACT
GCTCTACACAAAATGACGGTTGTGATGG
TGGAGACCAAGTGCTGGCTTTCAAATTC
ATTAAATCAAGCGGTATTAGCTCCGAAG
CTGACTACCCATACGTAGGAGTCGACCA
GAAGTGTCACAAGAATGTCCACAAAACT
GTTAGTACCATCTCCGGCTACAAACATC
TAAGTGCAAATGAAAACGCTTTGATTTCT
GCTCTTTCTTCTGTTGGACCAATCTCCG
TTTCTGTTGATGCCAGTGTTTGGTCACT
ATACGCAGGTGGTCTTTTCGACGAAAGA
GATTGTGGTACTGATATCAACCATGCAG
TACTCGCTGCAGGATATACCGACGAATA
CATTTTAGTCAAAAATTCTTGGGGCACA
GACTGGGGTGAGGAAGGGTATATCAGA
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asparagine 
active site 
(IPR025661) 
 
GO:0006508 
proteolysis 
GO:0008234 
cysteine-type 
peptidase 
activity 

CTAGCAAGAGGACATAACATATGCCAAA
TCAACGAAGATAATTCTTACCCCATTTTG
TAAATTGTAAATCTGACATTACCTTGTAA
ATGTAGACATATTTTTTTTATTTTAAACAA
AAAGAATACACTTAATCTACAAGATTAAT
CA (735) 

MSTRG.17015.1 (1) 
Maltase 2-like [Anoplophora 
glabripennis](95%;51%)/Ma
ltase A1-like [Tribolium 
castaneum](98%;46%) 

Higher (1) 
Glycoside 
hydrolase 
superfamily 
(IPR017853)/ 
Glycosyl 
hydrolase, 
family 13, 
catalytic 
domain 
(IPR006047) 
 
GO:0005975 
carbohydrate 
metabolic 
process 
GO:0003824 
catalytic activity 

(1)206-1933 
MWKLTIFFYLWICCLQSSK
AYHLSTDDEWWKTATFY
QIYPKSFKDSDGNGIGDL
QGVIEKLDYIKDLGVTGV
WLSPIFKSPQADNGYDIS
DYRDIDPQFGTLEIFLELLK
EAHKRGIKVVLDYVPNHT
SDQHEWFKKSENGEKPY
DEYYIWKDGKNGSKTEPP
NNWLSVFGHSGWTWSEK
RQQFYYHAFLKEQPDLDY
RNPLVRQEMKDVLSFWL
DTHNVDGVRMDAVSKLV
EDAAFLDEPKSNAPGVAD
FMYDYLTHTYTENQPEGY
DVVYEWRSHLESISKKKE
SSRICMAEDGANFTLTLPY
YGTLNGSVLGAHFPFNFF
FLPLNTTSNGGQIANIINE
WLIRLPKIYTLNWVLGNHD
LHRIASRVGKEKVDALNM
LTAVLPGIQITYNGEEIGM
EDGEVTCEQGDDLKSNC
TLYPSVSRDFERTPFQWD
SSEFAGFTNGTSTWLPVS
SKKDNCNVADQLKDDRS
HLSIYKSLQKLRKTLNSRS
EIEVNAQGNDKNVLEVAR
FNKVNGSNTDLVEFICNL

CCTATATAAAGTCTAATCTTTATCATAAT
GCATAAAATCAATGATTTACGAGTATATA
TAATTTCAACTTGGAATGATTATTTGTCA
ATTATTTTACTGTCACAGTAAAAAATGTG
CTAGGTATGTACGCTCATAGTATCATTT
GAACAAGATAATTATAGCTGTATTACGAT
TTAGTTTTTAGAAGGTATATGAAATTGAG
AACATGTGGAAATTAACAATTTTCTTCTA
CCTTTGGATTTGCTGTTTACAATCTAGTA
AGGCATATCATTTATCGACCGACGATGA
ATGGTGGAAGACAGCTACATTTTATCAA
ATCTATCCAAAATCCTTTAAAGATTCTGA
TGGTAATGGGATAGGTGATCTACAAGGT
GTGATCGAAAAGTTGGATTATATTAAAG
ATCTAGGAGTCACTGGCGTTTGGTTGTC
TCCTATTTTCAAATCTCCACAAGCTGATA
ATGGATATGATATAAGTGACTACAGAGA
TATTGATCCGCAGTTTGGGACTCTGGAA
ATATTTTTGGAGCTATTGAAAGAAGCAC
ATAAACGAGGGATAAAAGTTGTTTTGGA
CTATGTTCCCAATCATACGAGTGACCAG
CATGAATGGTTTAAAAAATCTGAAAATG
GAGAGAAGCCTTATGATGAATACTATAT
TTGGAAAGATGGAAAAAATGGATCAAAA
ACTGAACCCCCAAATAATTGGCTTAGTG
TTTTTGGACATTCTGGGTGGACTTGGAG
CGAAAAAAGACAACAATTTTATTACCAC
GCATTTCTTAAAGAACAACCTGATTTGG
ATTATCGCAATCCATTGGTCAGACAGGA
AATGAAAGACGTTTTATCATTCTGGTTAG
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GNTAADVSLLENNNVGYK
VLISSKNSKRKPGDIVDNK
SLVLDPYEALILGEA* (576) 
 
 

ATACTCATAACGTCGATGGTGTCAGGAT
GGATGCAGTCAGTAAACTAGTTGAAGAT
GCTGCATTTCTTGATGAACCTAAGTCTA
ATGCACCTGGTGTAGCTGACTTTATGTA
CGACTATCTAACTCACACTTATACAGAAA
ATCAACCAGAAGGTTACGACGTGGTTTA
TGAATGGAGAAGTCATTTAGAAAGTATTT
CTAAGAAAAAGGAAAGTTCAAGAATATG
CATGGCTGAAGATGGGGCAAATTTCACA
CTAACATTGCCTTATTATGGTACTCTTAA
CGGATCTGTATTAGGAGCCCACTTCCCC
TTCAATTTCTTCTTTCTGCCACTAAACAC
CACTTCTAACGGAGGGCAAATAGCGAAT
ATAATAAACGAATGGTTAATTAGACTTCC
AAAGATATATACTTTGAACTGGGTGCTA
GGTAACCACGATCTGCACAGAATAGCTT
CAAGAGTAGGCAAAGAAAAGGTTGACG
CCTTAAATATGCTCACAGCAGTTTTACCA
GGCATCCAAATAACTTACAACGGTGAGG
AAATTGGTATGGAAGATGGAGAAGTGAC
TTGTGAACAAGGCGATGACCTGAAAAGT
AATTGTACTCTCTATCCTTCTGTAAGTAG
AGATTTTGAAAGAACTCCCTTCCAATGG
GACAGCAGCGAGTTTGCCGGATTTACCA
ACGGAACATCTACTTGGTTGCCTGTCAG
TAGCAAAAAAGATAACTGCAATGTTGCC
GATCAACTTAAAGACGATAGAAGCCATT
TGAGTATTTATAAAAGTTTACAAAAATTG
AGGAAGACATTAAACAGTAGATCAGAAA
TCGAAGTAAATGCCCAAGGAAACGATAA
AAATGTATTGGAAGTAGCAAGGTTTAAC
AAAGTTAACGGTTCAAATACTGATTTGGT
TGAATTTATTTGTAATTTAGGAAACACTG
CGGCTGATGTTTCTTTGCTTGAAAATAA
CAATGTTGGATATAAAGTGCTTATAAGC
AGTAAAAATTCAAAACGAAAGCCAGGTG
ACATTGTTGACAACAAAAGTCTGGTGCT
GGATCCATACGAAGCGCTTATTCTCGGA
GAAGCTTAGTTTGTTGTTAGCATAGCTTT
AATATATTAGTTTTTAACTGTAAATTGTAT
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AAATAATATCTAAATTAAATTATATTTATT
AATTGCATT (2,022) 

MSTRG.25208.2 (1) 
PREDICTED:Glyoxylate/hy
droxypyruvate reductase A-
like [Tribolium castaneum] 
(99%;51%) 

Lower (1) 
NAD(P)-binding 
domain 
superfamily 
(IPR036291)/D-
isomer specific 
2-hydroxyacid 
dehydrogenase
, NAD-binding 
domain 
(IPR006140) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0051287 
NAD binding 

(1)119-1084 
MHSVISVLSRIKNIVPELQ
NALPNLTFHEVSNAELDK
QFKESHIIVADYDLLTPHM
YSLPQAKWVQGTWAGVN
DLMAKVTQPPPFSLSRFT
GRHFGALMSEYVVANIINF
ERNAFETHQNQKMKQWI
VDGKIEEHRAIFDLTVGILG
LGNIGDRVARTLNYMGAV
VFGYGRRPHLNLEDNPHI
SKYFSNQMLPQLLRECDY
VVNTLPETQESKWLLNGD
ILENCKDKQAVFINVGRGT
IISEEALIKALENKWISGAIL
DVFEQEPLPTESALWQMP
NVIITPHVSASCRAKDIAQ
QMKDNLEYYRQNLPIPAT
VDFSKGY* 
(322) 
 

CTCTAACTGGTTCAACCTAATTTGGCAA
CGTTGCTGTATACTGTATAATCAGCAAA
AGTAAACATAACCTATAATGGATATATTT
TTAATTTGCAAATCATACTTTTAAGTTAAT
AAAATGCATTCGGTAATATCTGTGTTAAG
TAGAATAAAAAATATTGTTCCCGAGCTTC
AAAATGCTTTACCAAATTTGACATTTCAC
GAAGTCTCTAATGCAGAATTGGATAAGC
AGTTCAAGGAATCCCACATAATAGTAGC
AGATTACGACCTACTAACACCGCACATG
TACAGTTTACCTCAAGCCAAATGGGTAC
AAGGAACATGGGCAGGTGTTAACGATTT
AATGGCAAAAGTTACTCAACCTCCACCA
TTTTCACTTAGCAGATTCACCGGAAGGC
ATTTTGGGGCGTTAATGAGCGAATATGT
TGTTGCTAATATTATAAACTTTGAGAGGA
ATGCATTTGAGACTCACCAGAACCAAAA
AATGAAGCAGTGGATAGTAGATGGAAAA
ATAGAGGAGCATAGAGCCATTTTTGATT
TGACTGTTGGCATTTTAGGATTAGGGAA
TATTGGAGATAGAGTGGCTAGGACGTTG
AACTATATGGGTGCTGTAGTTTTTGGCT
ATGGTAGAAGACCGCACTTAAACCTTGA
AGATAATCCTCATATATCGAAGTATTTTT
CGAACCAAATGCTTCCACAGCTTTTGCG
TGAATGTGACTATGTTGTTAATACTCTGC
CTGAAACTCAAGAATCGAAATGGTTGCT
AAATGGAGATATTTTAGAAAATTGTAAAG
ATAAACAAGCTGTATTTATAAATGTTGGT
AGAGGAACAATCATATCAGAAGAAGCAT
TAATAAAAGCTCTAGAGAACAAATGGAT
ATCAGGAGCAATTTTAGATGTCTTTGAA
CAAGAACCATTACCGACTGAGAGTGCCT
TGTGGCAAATGCCTAATGTGATAATTAC
CCCACATGTGTCAGCTAGTTGCCGCGC
AAAAGATATAGCTCAACAGATGAAAGAT
AATTTAGAATATTATAGACAAAATTTGCC
CATTCCCGCTACTGTAGACTTCAGTAAA
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GGTTACTGAGAACAATATATCCAAAGAT
GGACAGCTGAAATATCTTTTACAAACAA
AGTGTGATATTTTTACCATGTTACGTTTA
AATATATCTATAAATATACATTTATCATAT
AAA (1,193) 

MSTRG.27946.1 (1) 
Multidrug resistance-
associated protein 4-like 
[Anoplophora 
glabripennis](99%;63%)/AB
C transporter C family 
member 3 [Dufourea 
novaeangliae] (99%;48%) 

Higher (1) 
ABC 
transporter type 
1, 
transmembrane 
domain 
superfamily 
(IPR036640)/P-
loop containing 
nucleoside 
triphosphate 
hydrolase 
(IPR027417)/A
BC transporter 
type 1, 
transmembrane 
domain 
(IPR011527)/A
BC transporter-
like 
(IPR003439)/A
AA+ ATPase 
domain 
(IPR003593)/A
BC transporter 
conserved site 
(IPR017871) 
 
GO:0055085 
transmembrane 
transport 
GO:0005524 
ATP binding 
GO:0016887 
ATPase activity 

(1) 145-4179 
MDIGYKLKAENPKQNANIF
SKIFFGWMIPLIRRGTKQN
LEINDLYKTLKKDQSKRLT
DALEKNWQKQVDKAKKK
GGKPSVLMAISRTFAFEF
MMYGILWAIQNVVLMSLK
PILIAQLIELFTDDTSTRFR
EMYFFSTSLILVSLLIVFFF
HHTNFGLQAIGMRIRVATS
SLIYRKITRLNQKSLGETA
TGQIVNLLSNDVQRFDMV
VVPLHALWVMPLQVAILM
FIIWNQVGISSLAGVISMAII
ALPVQGYMAKLMGMLRQ
KVSGKTDTRVKLMNEVIG
GIQVIKMYAWEKPFEKVIK
QARSSEIGDITKASYLRGV
FSSFIVFLDRVALFFTVMT
YVLLGNVISADIVFSLAQTF
NILQTAMAIWYPVAISVGA
EALVSAKRIQNFLIMEERE
EASIEKIDKPGIILSNVFAS
WTTKGRTLQDISFQVPPG
TLCAVVGPVGAGKSSLLQ
LLLGELPLKHGRVQLGGE
VSYSSQEPWLFQSTVRN
NILFGSPYEKRWYEKVVK
VCALERDMEQFPQGDKTI
VGEKGVSLSGGQRARINL
ARAIYRQADVYLMDDPLS
AVDTHVGRHLFDQCILHH
LRGKTRILVTHQLQYLKKA
GLIVVLNDGKIEAQGTFEE
LMDSKMDFTKLLVAADET

TATATCTATGTTTGTTTAATTTTTTTATAA
TTAACATAATTATCATTGGTAAAGGAAGC
TTTGTCATTGCTATTGGGAGCAGTTTAG
TTTTTAGTTAGTGGTGAGGTTTAGTTATG
ATATGATTGTGTAGATATTAGTGACAATA
TGGATATAGGGTACAAATTGAAGGCAGA
AAATCCCAAACAAAATGCAAATATATTTT
CAAAGATATTTTTCGGGTGGATGATACC
ACTAATAAGGAGAGGAACTAAACAGAAT
TTAGAAATAAATGACTTATACAAAACTTT
AAAAAAAGATCAATCAAAAAGACTAACA
GATGCTTTGGAAAAAAATTGGCAAAAAC
AGGTTGATAAAGCGAAGAAGAAGGGAG
GAAAACCCAGTGTACTTATGGCTATATC
AAGGACGTTCGCTTTTGAATTTATGATGT
ACGGAATACTATGGGCCATTCAAAATGT
AGTTCTAATGTCTCTAAAACCAATATTGA
TTGCACAATTGATCGAGTTATTCACTGA
CGATACTTCTACCAGATTTAGAGAAATG
TATTTCTTCAGTACATCATTAATTTTAGT
GTCACTTTTAATTGTATTCTTCTTCCACC
ACACGAATTTTGGTCTGCAAGCAATTGG
AATGAGGATAAGAGTTGCGACTTCATCC
TTAATCTACAGAAAGATTACTCGGTTAAA
TCAAAAATCTTTGGGCGAGACTGCTACA
GGACAAATTGTCAATCTACTATCAAACG
ATGTCCAGCGATTTGATATGGTGGTGGT
ACCGTTACACGCGTTGTGGGTGATGCC
GCTTCAGGTGGCCATACTTATGTTTATA
ATCTGGAATCAAGTTGGCATTTCGTCTTT
AGCAGGTGTTATTTCGATGGCAATCATT
GCTTTGCCCGTACAAGGTTATATGGCAA
AGCTCATGGGTATGCTTCGACAAAAGGT
TTCCGGAAAAACCGACACCAGAGTGAAA
CTAATGAATGAAGTCATTGGTGGTATAC
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GO:0042626 
ATPase activity 
coupled to 
transmembrane 
movement of 
substances 
GO:0016021 
integral 
component of 
membrane 

GEKHDKQEDADPEPVDFT
RKFSSTRRFSVLSDASGEI
SLSMRSVDMTSDKNGEE
EESAGDGKPFKDYLFATK
NICFVIFVCVLMIMAQAFV
VGVDLWLTFWTSQEAIRH
ENGTIVESTSPTVEIIPLHG
DNFSYSYNYNYSYIPENN
TNSFNNTKSFNINDIFDTV
NVDGQLKKIIKTNWALYFY
SGLIGLAIVFTLTRSLLFFK
GCMMASVNLHSSMFHML
LKAPMRFFDTNPSGRILN
RFSKDMGAIDELLPMGFL
DTMQIMLALCGILVNITVS
NAYIVIAIAILAAVFLKFRS
WYISSARVLKHLEGITKSP
VFSHINATLNGIITIRASNA
QDVLIEEFDENQDANTSA
WYLTIACMNSFGLWLDFL
AIIFLAIVTFCFVILRKFTDV
NGSLVGLAVSQCSALTGM
LQFGMRQTAEIINQLTSVE
RVMQYTKLDTEGPFDTPE
ENRPRGVWPKRGQIEFR
NLSLKYVENDPPVLRNLN
FMITPGQKIGIVGRTGAGK
SSLISALFRLAPLEGAIYID
GVNTKNLGLTDLRRKVSII
PQEPVLFSASLRYNLDPF
NEFDDDKIWDALEQVELR
DSVDSLDFHVAEGGGNFS
LGQRQLVCLARAVLKNNK
VLVLDEATANVDPRTDALI
QATIRKRFKDCTVLTIAHR
LNTIMDSDKVLVMSFGNMI
EFDHPHKLLQIPDGHFHK
MLLETGPVMSAQLKDVAM
RAYQQE* (1345) 
 

AAGTGATAAAGATGTATGCCTGGGAGAA
ACCATTCGAAAAAGTCATAAAACAAGCT
AGATCATCGGAGATTGGTGATATAACAA
AGGCATCCTACTTGAGAGGTGTATTTTC
TAGCTTCATCGTATTTTTGGATAGAGTG
GCTCTATTTTTCACTGTTATGACCTACGT
TTTACTAGGTAACGTTATTTCCGCTGATA
TAGTTTTCTCATTGGCCCAAACCTTCAAT
ATTCTACAAACAGCCATGGCCATTTGGT
ACCCAGTTGCAATTAGTGTTGGAGCGGA
GGCTCTAGTTTCAGCTAAGAGAATTCAA
AACTTTTTAATTATGGAGGAAAGAGAAG
AAGCGTCTATCGAAAAAATAGATAAGCC
CGGTATAATACTATCTAACGTGTTTGCTT
CTTGGACAACTAAGGGACGTACTTTACA
AGATATTTCATTCCAAGTTCCACCAGGT
ACTTTGTGCGCTGTAGTAGGACCAGTAG
GTGCTGGAAAAAGCTCGTTGTTACAGCT
CCTTTTGGGAGAGCTGCCACTAAAACAT
GGAAGAGTTCAACTGGGAGGAGAAGTT
TCCTACAGTTCGCAAGAACCTTGGCTTT
TCCAATCAACTGTACGGAACAACATTCT
CTTCGGAAGTCCCTACGAAAAACGCTGG
TATGAAAAAGTGGTTAAAGTGTGTGCAT
TGGAACGCGATATGGAACAGTTTCCACA
AGGAGATAAAACTATTGTTGGAGAAAAG
GGTGTTTCACTTAGTGGAGGACAAAGG
GCTAGAATAAATTTAGCACGAGCAATTT
ACAGACAAGCTGATGTTTATTTAATGGA
CGACCCGTTGTCTGCTGTTGACACACAC
GTTGGACGACATTTGTTTGATCAGTGTA
TTCTTCACCATTTGAGAGGTAAAACTAG
AATCCTAGTAACGCATCAGCTACAATAT
CTGAAGAAAGCTGGTTTAATCGTTGTAC
TTAATGACGGCAAGATTGAGGCTCAAGG
CACCTTTGAAGAGCTAATGGATAGTAAA
ATGGACTTTACAAAACTCTTAGTTGCTG
CCGATGAAACTGGTGAGAAACATGACAA
ACAAGAGGATGCTGATCCAGAACCTGTA
GATTTTACAAGAAAGTTTTCTAGTACTAG
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AAGATTTTCGGTATTGTCCGACGCCAGT
GGCGAAATATCGTTGAGTATGCGCTCAG
TAGATATGACTTCGGATAAAAATGGTGA
AGAGGAAGAAAGTGCTGGTGACGGAAA
ACCATTTAAAGACTATTTGTTTGCCACTA
AGAATATTTGCTTCGTTATTTTTGTATGC
GTGCTGATGATAATGGCGCAGGCTTTTG
TTGTAGGTGTAGATTTATGGTTAACATTC
TGGACCTCTCAAGAAGCAATACGGCAC
GAAAATGGAACAATAGTTGAATCAACAT
CTCCAACTGTAGAAATAATTCCATTACAT
GGAGACAACTTCAGTTATTCCTATAATTA
TAATTACAGTTACATACCAGAGAATAACA
CAAACTCATTCAATAACACGAAATCATTC
AATATCAATGATATATTTGATACTGTTAA
CGTCGATGGCCAGTTGAAAAAAATAATC
AAAACGAATTGGGCGTTGTACTTCTACA
GTGGTCTAATAGGACTGGCTATCGTTTT
TACGCTAACTAGGTCACTGCTGTTCTTT
AAGGGTTGCATGATGGCTTCAGTTAACT
TACACAGCAGTATGTTCCATATGTTACTT
AAGGCTCCGATGAGGTTTTTTGATACGA
ATCCCAGCGGAAGGATCCTCAATAGATT
TTCCAAAGACATGGGTGCTATAGATGAA
CTTTTACCTATGGGTTTCTTAGATACGAT
GCAGATCATGTTAGCATTGTGTGGAATT
CTGGTAAATATTACTGTTTCTAACGCCTA
CATAGTTATAGCCATTGCCATTCTTGCA
GCAGTTTTCCTAAAATTCCGATCATGGT
ATATATCCTCAGCTAGAGTGCTTAAGCA
CTTAGAGGGAATAACTAAGTCTCCTGTT
TTTTCTCATATTAATGCCACACTAAATGG
AATCATCACAATACGAGCTTCAAATGCA
CAAGATGTCCTAATAGAAGAATTTGACG
AAAATCAGGACGCAAATACCTCAGCATG
GTACTTGACAATTGCCTGTATGAATTCCT
TTGGATTATGGTTGGACTTCTTGGCTATT
ATATTCTTAGCAATTGTTACATTCTGTTT
TGTGATTTTAAGAAAATTCACCGATGTCA
ATGGCAGTTTAGTAGGTCTAGCTGTTTC
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CCAATGTTCAGCTCTTACTGGCATGTTA
CAATTTGGAATGAGACAAACTGCAGAAA
TTATTAACCAGTTAACCAGTGTCGAAAG
AGTTATGCAATATACTAAACTTGATACAG
AAGGTCCATTTGATACACCAGAAGAAAA
TCGTCCGAGAGGAGTATGGCCAAAACG
GGGTCAAATTGAATTTAGGAATCTATCTT
TAAAATATGTTGAGAACGATCCACCAGT
ACTCAGAAATCTTAACTTTATGATAACGC
CAGGACAAAAGATTGGTATAGTTGGCCG
AACAGGGGCAGGAAAATCCTCTCTTATC
TCAGCTCTCTTCCGTCTGGCTCCACTTG
AAGGTGCCATTTATATAGATGGAGTAAA
TACCAAAAATCTAGGATTAACTGATTTAA
GAAGAAAAGTTTCCATCATTCCCCAGGA
ACCAGTACTGTTTTCCGCTTCTTTGAGAT
ACAATTTGGATCCCTTTAACGAGTTTGAT
GATGACAAAATTTGGGATGCTTTAGAAC
AAGTGGAACTCAGGGACAGCGTAGACT
CCTTGGACTTCCATGTAGCTGAAGGCG
GTGGTAACTTCAGTTTAGGCCAAAGACA
ATTAGTATGTTTAGCAAGAGCTGTTTTGA
AGAACAATAAAGTTTTAGTTTTAGATGAA
GCTACAGCAAATGTTGATCCTAGGACTG
ACGCACTAATCCAAGCAACAATTCGAAA
AAGATTCAAAGACTGCACGGTTCTAACG
ATTGCCCATAGGCTGAACACCATCATGG
ACTCCGATAAAGTGCTGGTAATGAGTTT
CGGAAACATGATCGAATTCGACCATCCT
CATAAACTCCTTCAAATTCCTGACGGAC
ACTTCCACAAGATGTTACTAGAAACTGG
ACCAGTGATGTCGGCGCAACTCAAAGAT
GTGGCCATGAGGGCATACCAACAAGAG
TGAAGACAAGCATAGTATAGGAATCTTT
ATTTATTTCTTTAAAATACCTTTATTTTCT
AATAACACGTCACACTACATAAACGTTTT
TTTCGGATAAATGTTAAATATAAAAAAGT
ATCTTAAAAAGGATTTTACTTAATATGAA
GATAACGTTGAAAGCGTTGAAATTTTTCT
TTTATAGTAATTATGTTTTATAAATACGG
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TTTACTACATATTTTATAGTTTTATTCTAT
TTTCTATTTCCTCGGTAAATTAAGCTTTA
ATAACTCTAATTGCGTCATATAAGTACTC
TCTCTCTCCTACAGCGTTACAGCCCCAG
TCGGGCCATGTATCCGCCTCCAAGTATC
TCTGTCCCTAGCTGCTCTCCTCCAGTTA
TACACCTTTAAGATCTCTTTAGCATCGGT
TCTTCGTCTATCCACCTCCTCCTTTGTCT
TCATACTGGTTGACGTCCCACCATAGTT
CCGCTAAGCGTTCTATTAGGTGTTCCGT
CATTGTAGGTTATGTTATGAGGTGACGT
GCTTAGCGCAATCTTTGTATTTTTGCATA
ATTTGCTATAGAGTGTCATATAAGTA 
(4,748) 

MSTRG.2797.2 (1) 
Beta-hexosaminidase 
subunit beta-like [Aedes 
aegypti] (99%;51%)/ Beta-
hexosaminidase subunit 
beta-like [Anoplophora 
glabripennis](96%;54%) 

Higher (1) 
Beta-
hexosaminidas
e-like domain 2 
superfamily 
(IPR029018)/Gl
ycoside 
hydrolase 
superfamily 
(IPR017853)/ 
Beta-
hexosaminidas
e family 
(IPR025705)/B
eta-
hexosaminidas
e eukaryotic 
type, N-
terminal 
domain 
(IPR029019)/Gl
ycoside 
hydrolase 
family 20 
catalytic 

(1)249-1868 
MKFKIQLLSTFLCTSLVYA
YIEEPGPRYPPTKGELWP
KPYHQIKNHSFFTVRKEH
FNFKIINNTCSIVEEAIKNY
ESIIFSGYTLMQENLNLSN
HHLEKKPWLSNPKYLGIL
DVLEISLDIHCNGKEMPSD
HMEEAYTIIVSEDVKRLKA
FSVWGILRGLESFSQMIY
MTNEGLSLRINKTSVEDR
PRFSHRGLLIDTSRHFIPIK
NILLTLDAMAYNKLNVFH
WHIVDDQSFPYVSRKFPE
LSLKGAYTSYYTYSYKDIQ
NITEYARVRGIRVIPEFDTP
GHTRSWGVAHPEILTACE
GDLKGKYGPIDPTQNKTY
TFLDDFFEEISNTFADAYIH
LGGDEVEFECWSSSTIIKN
FMKKNGINDFKALENFYL
QKLINMVAKRNRKYIVWE
EVFTNGVKLPNNAIVQVW
KTYWHSVLLEVTNSNRTG
ILSSCWYLDHLNTGGDWI
QFYNCEPLSFSSNPKNQL

AACGATAATACGAAACGATATAGCTACT
TCTTTATTCTCCAGGAATGTTTTTACATA
AATTACAAAAATATTATATTACCATGGAA
CCATCAAAAAACAAGCGTGAGTAGAAGA
GGCTGTGAAATTGTCCCGTTTCTAGAGA
AATGTACAATTATTAGTTCAAAAATAGAA
GAAAATTACAAATTCTATTGTTTTTAAATT
GTAGTGAGTTCACCGTTTTCAAGTAACC
TCTTGAAATTTCGCACAAAATGAAATTTA
AAATTCAATTGTTATCAACGTTTTTGTGC
ACCAGTTTAGTTTATGCATACATAGAGG
AACCTGGTCCAAGATACCCACCAACCAA
AGGAGAGCTTTGGCCAAAACCATACCAT
CAAATTAAAAACCATAGTTTCTTTACAGT
CAGGAAGGAGCACTTCAACTTTAAAATA
ATCAATAACACGTGTTCAATAGTAGAAG
AAGCAATTAAGAACTACGAATCCATCATT
TTCTCAGGATATACTTTGATGCAAGAAAA
CTTAAACCTATCCAATCATCATTTAGAAA
AGAAACCGTGGCTAAGTAATCCCAAATA
CCTGGGAATATTAGATGTTTTAGAAATTA
GTCTCGATATACACTGCAACGGAAAAGA
GATGCCTTCAGATCACATGGAAGAAGCA
TATACAATAATTGTTTCTGAAGATGTAAA
GCGATTAAAGGCATTTTCTGTATGGGGC
ATTCTAAGAGGCTTAGAGTCATTTTCTCA
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domain 
(IPR015883) 
 
GO:0005975 
carbohydrate 
metabolic 
process 
GO:0004553 
hydrolase 
activity, 
hydrolyzing O-
glycosyl 
compounds 
GO:0004563 
beta-N-
acetylhexosami
nidase activity 

LVVGGEACMWAEVVNQN
NIMSRVWPRASATAEKLW
SQRDDNYDLLKVRKRLEE
HTCRMNRRGIEAQPPNG
PGFCY* (540) 

GATGATATATATGACCAATGAAGGACTA
TCGTTACGTATTAACAAAACTTCTGTGGA
AGATCGGCCACGATTCTCTCATCGTGGA
CTGCTTATAGACACCTCAAGACATTTTAT
TCCTATAAAGAATATTCTACTTACACTAG
ACGCGATGGCTTACAATAAACTTAACGT
TTTTCATTGGCATATTGTAGACGATCAGA
GTTTTCCTTACGTCAGCAGGAAATTTCC
TGAGTTAAGTTTAAAGGGTGCCTACACG
TCGTACTATACATATTCGTATAAAGATAT
TCAAAATATAACGGAATATGCAAGAGTA
AGAGGTATAAGAGTAATTCCAGAATTTG
ATACACCAGGACACACGAGATCTTGGG
GTGTAGCTCATCCAGAAATACTAACCGC
TTGCGAAGGAGACCTAAAAGGAAAATAC
GGACCTATTGATCCAACTCAAAATAAAA
CCTACACCTTTTTGGACGATTTTTTTGAA
GAAATTAGTAACACATTTGCTGATGCATA
CATCCATCTTGGCGGTGATGAAGTTGAG
TTTGAATGTTGGAGTAGCAGTACCATTA
TTAAAAACTTTATGAAGAAAAACGGAATC
AACGATTTTAAAGCTTTAGAAAATTTTTA
TTTACAGAAACTTATTAATATGGTAGCTA
AACGAAATCGTAAATATATAGTTTGGGA
AGAGGTATTTACAAATGGCGTTAAACTA
CCCAACAATGCAATTGTTCAAGTTTGGA
AAACTTATTGGCACTCAGTTCTATTAGAA
GTAACAAACTCAAACAGAACAGGAATAC
TTTCATCTTGTTGGTACCTAGATCATCTC
AATACCGGAGGTGATTGGATACAATTTT
ACAACTGCGAACCACTTTCCTTTAGTAG
CAACCCCAAGAATCAATTACTAGTTGTT
GGAGGTGAGGCTTGCATGTGGGCGGAG
GTCGTAAATCAAAATAACATCATGTCAC
GAGTTTGGCCAAGAGCTTCAGCTACAGC
TGAAAAGCTTTGGTCACAAAGAGATGAT
AATTACGACTTACTTAAAGTAAGAAAACG
ACTGGAAGAGCACACGTGCAGAATGAAT
AGGAGAGGCATAGAAGCACAACCACCA
AATGGTCCAGGGTTTTGTTACTGATTTTA
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TTTTTTATAATAGTTAAAGTTATAATATTA
ATTTAATGACCTTTTATATTTCTATAAGCT
TAATATTTATCTTAAAACATAGTGAATTG
ATTAAATTTTTCATAAATCTA (1,983) 

MSTRG.7894.1 (1) 
Uncharacterized protein 
LOC111507202 
[Leptinotarsa 
decemlineata](83%;27%) 

Higher (1) 
Transcription 
activator MBF2 
family 
(IPR031734) 

(1)43-441 
MTEIYLFSKAIFFFKTKMFS
TVFKMFLLVAVLILVTLSPS
SADNYNKCPETSHERYLI
YQNTLKGRVIHVRIPGTGF
FHAPITCLQVTDINESFST
PVIEEGGYGKEYVVLRIDP
VQSGEQLQYDVQIYVDQ* 
(133) 
 

AAGTATATATACAACATACAACAACTGCC
ATAATATATTGTGATGACAGAAATATATT
TGTTCTCTAAAGCAATTTTCTTCTTCAAA
ACCAAAATGTTTTCAACTGTTTTCAAAAT
GTTTTTGTTGGTTGCAGTATTAATATTGG
TTACCCTTTCACCATCCAGTGCAGATAA
TTATAACAAATGTCCAGAAACCAGCCAT
GAACGATACCTAATTTACCAGAATACTTT
AAAGGGGAGAGTTATCCATGTACGCATT
CCAGGAACGGGTTTCTTTCACGCTCCAA
TCACTTGTCTTCAGGTAACCGACATAAA
TGAGAGTTTTAGTACACCAGTTATAGAA
GAAGGTGGATATGGAAAGGAGTATGTA
GTTTTACGAATTGACCCAGTTCAATCAG
GAGAACAACTGCAGTACGATGTTCAGAT
TTATGTTGACCAATAATCAAGTTATCTTT
AAATAAATTTTTTGGTCTGTA (475) 

MSTRG.24813.1 (1) 
P450 6k1-like [Leptinotarsa 
decemlineata] 
(100%;38%)/P450 6k1-like 
[Anoplophora 
glabripennis](100%;40%) 
 

Higher (1) 
Cytochrome 
P450 
superfamily 
(IPR036396)/ 
Cytochrome 
P450 family 
(IPR001128)/ 
Cytochrome 
P450, E-class, 
group I Family 
(IPR002401) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0005506 
iron ion binding 

(1)3-1328 
MLLTSSPFLDGLIYLSILCI
AAYCYATRDFNYWKRRN
VQFLKPVPFFGNLYDVMM
FKTTTQECIKKIWDGINAP
YFGMFIFDEPVLVLKSPKLI
KDVLIKDASTFCNRRVATP
SHPNMAHGMFFLKYNEW
RKVRKMLSPVFTSGMLRY
LQPHIIEINQTMLDFVHKN
CGIFDVTNIGEDFAIEFLVR
CFYEANPRCFNEKPSVFK
KCIHTMFAFNFRNGVVQN
LFFLKPALADALKLNFVAK
NCMKFFEDVFKRIMTARE
SYDGKPRSMVDVANKAIR
EKKRGEKDALGFETIMSN
VLLFLIAGRDSTTTIISFTLY
EIAKNQEIQDKLRKEVKLN

AGATGTTGCTCACCTCCTCCCCGTTTCT
TGATGGCTTAATATATTTAAGCATTTTAT
GCATTGCTGCTTATTGTTACGCTACAAG
GGACTTCAACTATTGGAAAAGAAGAAAT
GTTCAATTTTTAAAACCCGTCCCTTTCTT
CGGCAATCTTTACGATGTAATGATGTTTA
AAACTACTACCCAAGAATGTATAAAGAA
GATATGGGATGGAATCAATGCTCCCTAT
TTCGGGATGTTCATTTTTGATGAACCAG
TTTTAGTTCTAAAATCTCCCAAACTAATC
AAAGACGTGTTGATTAAAGATGCTTCAA
CATTTTGCAACAGAAGAGTTGCTACACC
TTCACATCCCAATATGGCTCATGGAATG
TTTTTCTTAAAATATAATGAATGGAGAAA
AGTAAGAAAAATGCTTAGTCCAGTGTTT
ACCTCGGGCATGTTAAGGTATTTGCAGC
CACATATAATCGAAATAAATCAAACGATG
TTAGACTTCGTACACAAGAATTGTGGTA
TTTTTGATGTTACAAACATTGGAGAAGAT
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GO:0016705 
oxireductase 
activity, acting 
on paired 
donors with 
incorporation or 
reduction of 
molecular 
oxygen 
GO:0020037 
heme binding 

VEKHGSICFEGVQENKYL
EMCINETLRKYPTLPFLDR
TPIDDYQFKDTDLKVEKNT
SILIPLFALNRDEHIYPNAT
LYNPDRFLSDQINSDGLN
FIPFGEGPRICI (443) 

TTCGCAATAGAGTTCCTAGTTAGATGTTT
TTATGAAGCCAATCCTCGTTGTTTTAATG
AAAAACCATCAGTATTCAAGAAATGTATA
CATACGATGTTTGCTTTTAACTTTAGGAA
TGGAGTTGTCCAGAATTTATTCTTTCTGA
AACCAGCATTGGCAGATGCTTTAAAATT
AAACTTTGTGGCAAAAAATTGCATGAAAT
TTTTTGAAGATGTTTTCAAACGCATAATG
ACAGCTAGAGAAAGTTATGATGGTAAGC
CGAGAAGCATGGTAGATGTAGCAAACAA
AGCTATTAGAGAAAAGAAAAGAGGAGAA
AAGGATGCTTTAGGATTTGAAACGATTA
TGTCCAATGTCCTGTTATTCTTAATAGCT
GGACGCGACTCCACTACTACAATAATAA
GCTTCACTTTATACGAAATTGCTAAAAAT
CAAGAAATTCAAGACAAATTAAGAAAAG
AAGTCAAATTAAATGTTGAAAAACATGGA
TCGATTTGTTTCGAGGGGGTCCAGGAG
AACAAATACTTAGAAATGTGCATTAATGA
AACTTTACGAAAATACCCAACTTTACCAT
TTTTGGATCGAACACCTATCGATGATTA
CCAGTTTAAGGACACAGACTTGAAAGTG
GAAAAAAACACATCAATACTAATTCCATT
GTTTGCCCTTAACAGAGATGAGCACATT
TATCCTAATGCTACATTATATAATCCTGA
TAGGTTTCTAAGTGATCAGATTAACTCA
GATGGTTTGAATTTTATACCATTTGGAGA
AGGCCCAAGAATTTGTATTGG (1,330) 

MSTRG.50645.3 (1) 
No hit 
 
(2) 
ABC transporter G family 
member 20 [Anoplophora 
glabripennis] 
(88%;88%)/ABC transporter 
G family member 20 
[Leptinotarsa 
decemlineata](84%;85%) 

Higher (1) 
No hit 
 
(2) 
No hit 

(1)608-291 
QHFYQYSPNILFSYSMFC
CILLFQLLFPCPQSCLNHS
TRGWVSSSSHSACTRAL
HSLHSVFGSILWTVDVLEA
AFPHLHPPNRAQELVAPP
DHPLSYPQLLTLFL* (106) 
 
(2)302-565 
MLITEGTTMGDRVEPQVP
GPDLVGVNVERPPLVHQ
QSTVWNRRQNAVSVRHA

AATAAACTCGGGTAGCACCAAATATTGC
AACTCCTCACCAGCCAGTCCGTTTTTAA
GCTCCTTGAGTGACCACTTGCTGAGTCA
AAATAAGTGTGTTGTGCGCGCGGCGAAT
GAAAGTTGGCCTATTAATTGTTTCGCGT
GTCGTACGATATCAAGGTATAGTTTGGC
GATATTATGCAAATTTCTTGTAAAAATTA
ATCATTACAAGTAACTATGATGTGTGATA
GTAAGTAAAAAAGTGAAAGTTGTGGGAA
CTTTACGTGAAGTAACGGCAACACTTGA
TAATCCTTTTACAAAAACAATGTTAATAA
CTGAGGGTACGACAATGGGTGATCGGG
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YKHYGSKKKPNHVLSDLN
MTVGKGTIIEIIKYNKT* 
(88) 
 
 

TGGAGCCACAAGTTCCTGGGCCCGATTT
GGTGGGTGTAAATGTGGAAAGGCCGCC
TCTAGTACATCAACAGTCCACAGTATGG
AACCGAAGACAGAATGCAGTGAGTGTAA
GGCACGCGTACAAGCACTATGGCTCGA
AGAAGAAACCCAACCACGTGTTGAGTGA
TTTAAACATGACTGTGGGCAAGGGAACA
ATAATTGAAATAATAAAATACAACAAAAC
ATAGAGTAAGAAAACAATATGTTGGGTG
AATATTGATAGAAATGTTG (608) 

MSTRG.89601.1 (1) 
RNA-directed DNA 
polymerase reverse 
transcriptase domain 
[Lasius niger] (69%;56%) 

Lower (1) 
No hit 

(1)2-301 
KYVVMDMLKHVKVRKQA
NKANYASGCLRDVIRRNK
DMRLEGKVRIYKSCVRPM
TYAIETRCDTAESKRTLRT
SEMRTFKVNNCENTERQ
NTERQNKRSL* (100) 
 

GAAATATGTAGTTATGGATATGCTAAAG
CATGTTAAAGTCCGAAAGCAAGCAAATA
AAGCCAATTACGCGTCAGGATGTCTGAG
GGATGTCATCCGGAGAAATAAAGATATG
AGGCTGGAAGGGAAAGTACGCATATAC
AAATCATGTGTGAGACCGATGACTTACG
CGATAGAAACAAGATGTGACACAGCAGA
AAGCAAGAGGACACTGAGAACATCAGAA
ATGAGAACTTTTAAGGTCAATAACTGTG
AAAACACTGAAAGACAGAATACCGAACG
ACAGAATAAGAGATCTCTGTAACATACT
ACAAGATATAGTACGGCGGGGAAGACA
GAGAAGACGAGAGTGGAATCAGCATGT
GACGACAACGGACAGCGAGAGAATAGC
CCGTATATCTAGAGATTTAAAAGGTAAC
AGACAAGAGACCAATAAAAAGGCCCTTT
AAAAGGTGGCGAGATAGCTGGCAGTCA
ACATCACAGCTACGAATGCAAGCTTAAA
ATCGGTTAAGAACAGGTCAAGAGGCTAT
TATAAGAAGAAGAAGAATTTACAGCTCC
ACAATATGTATTTATATTATGCTAAGTTC
AAATTGTGGTCGCCAAGAATGTCAGGTG
ACGACGCTAGGTGTGGCGTCAGTCATG
CACGGGGCGAATATCTAGGAATATCCTA
GATTCTAGGTGTTAAAGGGTAGTAAACA
GTAAAAAAATAGTAAACTTTTTATTTTTAT
AAAAATTCTCTATTTCAACAATAGATAAC
AAAATATCATAATTATTCGAATGCAGAGA
AAATGGTAAAATTTCCCTGAGATGCATT
CAAAATATCACAATTTTACAGTTTTTTTAA
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TAATAAAATTTACGAAAATAAATACAAAA
ACGTTCGAGAGCAGTCAAAATAGTGAAA
AATAAATGCAACTCTTCGATAGGTATCC
AGTTTGAAGACAATAGTGACTTATATCTA
AACATTACTCTACCACAAGATGCGCCAG
AATGAACAAGTTACATGGCTGACTGACC
GACAAATTCTCGTTAAAAAGACTGCCAA
CAAATTACATCGAGTATTACATTACGTCA
ACAGTATCTTTGCAGATACAGCGCCGGC
AAAAAATCTTTGGAAAAGACTGTAAGAC
TTGTACACACTTCTAAGTAGGTCAAAAC
GGCAAACAAGTGCATGTTCTCAAAAAAA
TTGATAGTGTATAAAAAAGTTTTATTATC
AGCTAAGTACTTTTTGTTTTTAAAAGAAT
TGTGATAACTTATATACACGTTAACATTT
TACTTCAACATTAATAATAGTAATTTTTTT
TAAATTTAACTTTAAAATTTAGTATCTTAA
CTTAAAATTCGTTTAACCTATACATGGCG
TTTTAGTCATTTTCAATTTTGATTAATTTT
TAATTATTATTTACGAATATAGAGGTCGT
ATAAGATTATGGTTCCTTCTTTATCATTT
TAATGAATGAAAGTCCTCCTCAGCTGTT
CACGTGGGCTCAAAATGGTTTGACTCAG
CCATGTTGTCGTTTTAAAATAAAAAAGAA
ATTAGATGTGAATTTATTCATTTTAAGGG
GTTGTTATACCCGATATCTGTGGCTTTTA
CCCAGAATCTATGTTTTTTATTGTGTCGT
TTAGCAATTGCTCTCTATGAAGGTTTTAT
AAGAGGACATAAGTTTTTCAATCTTTCTT
TTTATAAAAAATCTTATCTTAAATGTCCTT
TTAGGAAGCTCTGATGGTGGCACGTTAT
GTGTTAAAAGTACTTAGCTGATAATAAAA
CTTTTTTACACACTATCGATTTTTTTAGA
ACATACACTTGTTTGCCGTTTTGATCCAA
AAAAAATCTTTACATTTCAAAATAAATCA
CTAATTTAGAAGAAAAATTGCATGCGTTC
TGTCTGAGCCTGTTTAGCGTTTGAGGGG
AGAGATGATGACGTACTTGTTTCGGCAG
GTTCCTGTAGTTTGCTGACTGCTTATTTT
CTTTAGTTTATTCTGTGCATTTGTACTGT
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ACATACAGTTAGCTTTATACAAGTAGTCA
ATGTGAAACTTCTTGAAAAATTGAAGTAA
AAACCATGGGGCGAAAGAAACTCAGAAA
TGAAGAGAAAGTTCGTGCTTCAACGTTA
CTTGTTGAGAAAGGGGGCTCTGTAATTA
CCATATCACGTGATATTGGTGTTTCAAG
AGATTAAATTCATCAATTGAAACGGTCG
AATGCGTCGTAGCCTCTAGGACTGTTCC
GGAAAGAAAACCTGGTTCTGGAGCCCC
TAAAAAACATCATCTAAGACTGACACCAT
CATCAGGCATGTAGTTATGTTGAACCCT
TCCATAACTGCCACAGAACCCAAAATTA
AATATGGTCATAAAGTACTATTTTTTTAA
AATCAAAATAATAATTATTATCCTGATTTT
TATGCGTTTCATTCACTTTGTAAAGATTA
TTTTTCTGTCGACACTGTAAAATTTTTAC
AGTACTGAACCAAGGGGTGGTCATTGAA
CATTATGGTTTAAATAATAAAAAAATGAA
TGTAAGTAGATAAGTTACTTTTCTACATA
TCACGCCTATCTTCTTTCAATTTTAATGA
AATAGTTGTATAAATATGATGACGACACA
GTGCAGTTACATTCAAATTTAATTAAAAA
GCTAGTTAAACCAGGGCGCATCTCTAAA
AATATTAGTACATTTGGGGGTTGAGAGG
TGACTCATATTTTTTTGCAGAAATTACTT
AAAAATAACTCAAATAATAATGTTTGAGT
TATCCTTCCTCTCAAAAAGGTCCAGAAC
ATTGTTTAAATAATCAAAATGTCAAAAAA
TTAACGACAAACTCCATTTTTTCTTCGTT
TTTCGATTATAACTTTAAAAGTATTCATTT
CCGAGAAAAGGTGTATGGACATAAAAGT
TGCGTAATTAAATTTTTACAATAGAGGAT
TAGTTAAATATTTTAAAAATTGTCACCCT
TTTTGCAAAATAGCAATAATTGCGAAAAA
AAAAACAAGTAGTCCCATTTTACGTTTTT
CATCGACTTATGCTACACTTAAGACCTT
CATATTTTAGCCAGAAAAACTTATATAGT
CAAACAACACTGTGAATTTCATTAAGATC
GATTCAATAGATTTTGCAAAATAAATTTT
GCAATCCAGCTTTCGCAGAAAAAATTAT
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TTTTTCAAAATGTTGCAGGACTGAAAATA
AAGCAGAAAGCAAGTTGAATTTCTTTTTT
ACATATAGAAAAATACTGCACCTTTCATT
TGCAATTTGAAAAATTAAAATCGGTTAAC
CACCACGGCGTCAGAAATTTTTTTAAATA
AACATTAATTTATAATCAACTATTTTCAAT
GGGAAATAAGCCACAATTTTATCAAAAA
ATTATCTTATTAACGTTTTTACTGATTTTC
TCTCGTGATTTACTATGGAATCTCTAGC
GCGAGAATTTTATTGCCACCGTTGCATT
TGGTTGTCTTTTTAAAGACAGATCACATG
CTATGATTTTTTGTGGCGGATATTCTTGA
ATTGAGGTTGATTTCATGTAATC (3,506) 

MSTRG.1766.1 (1) 
Myrosinase 1-like 
[Leptinotarsa 
decemlineata](96%;75%)/ 
glycosyl hydrolase 
[Chrysomela lapponica] 
(99%;66%) 

Lower (1) 
Glycoside 
hydrolase 
superfamily 
(IPR017853)/Gl
ycoside 
hydrolase 
family 1 
(IPR001360)/Gl
ycoside 
hydrolase 
family 1 active 
site 
(IPR018120) 
 
GO:0005975 
carbohydrate 
metabolic 
process 
GO:0004553 
hydrolase 
activity 
hydrolyzing O-
glycosyl 
compounds 

(1)51-1544 
MKVFIFALLLGVCLAQNAD
TNPRRFPASFKLGVANAA
AQIEGAWEEDGKGEHIWD
RWSKVRPEMISDRSTPAV
AADSYHKYKEDVRLIKEM
GLDVYRLSISWARIYPTGY
PTAEPNAAGVQYYKNLLA
ECKQNGIQVMATLYHWDL
PQQLQDDFGGWLNETVV
DLFAAFADVSFKLFGDDV
TWWITINEPKQVCHAGYG
DGYFAPGVVSSGVGEYT
CARNVLLAHAKAYHNYND
NYKASQGGKVSMVIDTLW
FEPGSDSDADKDAAERLL
QFGFGLYGNPIFNGDWPK
LVKDRVAMRSEKEGFKQS
RLPAWTQEEIDYIKGTGDF
VALNHYATHMANGTNEAP
IGNPSFGSDISAMEWARP
EWPKGDGDWFSIVPWGL
RKLLVWLKDTYNDQEIIITE
NGLSDNTGVLEDDHRVDY
FRDYISNCLDAIYEDNVNL
STYIAWSIIDDWEWGGGY
KSFLGMYKVDFNDPERPR

TTTCTATATAAACTTGCAAAACTAGTAAA
ATATTGAGTGAGTTCATCGCAATGAAGG
TGTTTATATTTGCCTTGCTATTGGGCGTT
TGCCTTGCTCAAAACGCCGACACCAACC
CAAGACGTTTTCCCGCCAGTTTCAAACT
TGGTGTAGCCAATGCTGCGGCTCAAATA
GAAGGAGCCTGGGAAGAAGACGGCAAA
GGAGAACACATTTGGGATCGTTGGTCTA
AGGTTCGTCCAGAGATGATTTCCGATAG
GTCTACGCCTGCTGTAGCCGCTGATTCA
TACCACAAGTACAAAGAAGATGTACGTT
TAATCAAGGAGATGGGTCTTGACGTTTA
CCGTTTATCCATCTCGTGGGCTAGAATC
TACCCAACAGGATACCCAACTGCTGAAC
CCAATGCAGCTGGTGTACAATACTACAA
AAACTTATTGGCCGAATGCAAACAGAAC
GGAATCCAAGTAATGGCTACCCTTTACC
ACTGGGACTTGCCCCAACAGCTCCAAG
ACGACTTCGGAGGTTGGCTCAACGAAA
CCGTCGTCGATCTATTCGCCGCCTTCGC
CGACGTTTCCTTCAAACTCTTCGGTGAC
GATGTCACGTGGTGGATCACCATCAACG
AGCCCAAACAAGTGTGCCATGCAGGTTA
CGGAGATGGTTACTTCGCGCCAGGTGT
TGTTTCCAGTGGCGTTGGAGAGTATACC
TGTGCCAGAAACGTGCTTTTGGCTCACG
CAAAGGCTTATCATAATTATAATGATAAC
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IKRKSADYFTQIVKNRCLV
DADKCVD* (498) 
 
 

TACAAAGCATCACAAGGAGGAAAAGTCT
CTATGGTAATCGATACACTTTGGTTTGAA
CCCGGCAGTGATAGTGATGCAGATAAA
GATGCAGCTGAAAGATTGCTACAATTTG
GTTTCGGTCTATACGGTAACCCCATCTT
CAACGGAGATTGGCCCAAACTCGTCAAA
GACCGTGTAGCCATGCGCAGTGAGAAG
GAAGGATTCAAACAGTCGCGTCTTCCAG
CTTGGACCCAAGAAGAAATCGATTACAT
CAAGGGCACCGGAGACTTCGTTGCTCT
GAACCACTACGCAACTCATATGGCTAAC
GGAACCAATGAGGCACCCATTGGAAATC
CCAGCTTTGGATCTGATATCAGTGCTAT
GGAATGGGCTAGACCAGAATGGCCAAA
AGGCGATGGAGACTGGTTCTCGATTGTT
CCATGGGGATTAAGGAAACTTCTTGTTT
GGTTAAAGGATACCTACAATGACCAGGA
GATTATCATTACTGAAAATGGTTTATCTG
ATAACACTGGAGTTTTGGAAGACGACCA
TAGGGTTGACTATTTTAGAGATTACATCA
GTAATTGCCTGGATGCTATCTATGAAGA
TAATGTCAATCTTAGTACTTACATTGCCT
GGAGTATCATTGACGATTGGGAATGGG
GAGGTGGATATAAATCATTCTTGGGAAT
GTACAAAGTTGATTTCAATGATCCTGAAA
GGCCCAGAATCAAGAGAAAATCCGCCG
ACTACTTCACACAAATCGTAAAGAACCG
TTGTTTGGTTGATGCAGACAAATGTGTG
GACTAAATATATTTTCTGTGAAAATTGTG
ACCTTTATTTTATAAATAAACCTTAAACAT
TATG (1,601) 

MSTRG.12896.1 (1) 
No hit 

Higher (1) 
No hit 

(1)227-403 
MKFKHGSTFILIFALIILTGA
QDDNEQRFKRSPKPDWE
VNPGANGDGNGNTNAGV
EIRN (60) 
 

ACAAAAATATAACACGCTACTAAAAATAA
GTGATTAAAAATTATTGTTTAATAATAAA
GTAAAGTCCCGTGTTGACATGTTTCTAT
GGGTAAATGGTAAAGTACTAACATCTTG
GTACTCTCTCAATATTTTTGGGATATAAA
ATGAATACTATGATATGGAATCAACAGTT
CGAAATCTGTATTAGACAAGAAAGTACT
CCGTTGGAAAATAGAAAAGATTAACGAT
GAAGTTCAAACATGGATCAACTTTTATTC
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TAATATTCGCATTAATAATCTTAACAGGC
GCCCAAGATGATAATGAACAAAGATTTA
AAAGATCGCCCAAACCAGATTGGGAAGT
GAATCCAGGAGCTAACGGTGATGGAAAT
GGTAACACTAATGCTGGAGTAGAAATAA
GAAATAA (405) 

MSTRG.22086.2 (1) 
Heat shock protein beta-1 
[Anoplophora glabripennis] 
(98%;83%)/Heat shock 
protein beta-1 [Leptinotarsa 
decemlineata](98%;82%) 

Lower (1) 
HSP20-like 
chaperone 
superfamily 
(IPR008978)/S
mall heat shock 
protein HSP20 
family 
(IPR031107)/Al
pha 
crystallin/Heat 
shock protein 
family 
(IPR001436)/Al
pha 
crystallin/Hsp2
0 domain 
(IPR002068) 

(1)236-859 
MSNRNIPIKMGDFSVIDTE
FSSIRERFDAEMRKMEEE
MNKFRSELTSREANNFFR
STTSMSYESETVTGGNKS
SSTSSSTTQQSSTGSDLA
HRAPSGDVRTWYDDLNS
PLIQQDGNEKSLKLRFDV
SQYAPEEIVVKTVDNKLLV
HAKHEEKTESKSVYREYN
REFLLPKGTNPEHIKSSLS
KDGVLTVEAPLPAITSGEK
LIPIQH* (208) 
 

CAAGATTCGGTATCCGTGGATCTCGAAT
CTCGAATCGCAGAGGTGTAGAAGAGTT
GCGCAAGACTCGTCTGTACCCCCTCAC
GAATTCTATTTAAAACCGTCCCATCCCC
GGTTCTGCGCGCTAGTAACATTCGGTGA
CAGACAAGAGGCAGCTATTATTAACGAC
ACACCGCTCTCTCGTTAGTGTTCATATTT
TACGTGTAGTGTAACAGAAAGTGCAGTT
TTTTTATTCACCATGTCTAACCGCAACAT
CCCTATCAAAATGGGTGACTTCAGTGTT
ATCGACACGGAGTTTAGCAGCATCAGG
GAAAGGTTCGACGCCGAAATGAGGAAA
ATGGAAGAAGAAATGAACAAATTCAGAT
CTGAACTTACCAGTAGGGAGGCGAACA
ACTTCTTCAGAAGCACAACCAGCATGTC
GTACGAATCTGAAACGGTGACTGGTGG
AAATAAGTCTTCATCGACGTCCAGTTCA
ACGACACAGCAAAGCAGCACAGGATCA
GATTTAGCCCACAGAGCACCAAGTGGT
GATGTCAGAACATGGTACGACGACCTCA
ACTCTCCCCTAATCCAACAGGACGGTAA
CGAAAAGAGCCTAAAATTAAGATTCGAC
GTTAGTCAGTATGCTCCAGAAGAAATTG
TAGTCAAAACTGTTGATAATAAACTCTTG
GTTCACGCCAAGCACGAAGAGAAAACA
GAATCAAAATCCGTATACAGAGAATACA
ATAGGGAATTCTTGCTGCCTAAAGGAAC
AAATCCCGAACACATCAAGAGCTCATTA
AGTAAAGATGGCGTCCTCACTGTCGAAG
CACCTCTCCCAGCTATCACCTCAGGGGA
AAAATTAATTCCAATCCAACATTAAGTAA
TTTAAAATTCCTTGTAAGCCTTCGAAGC
GTTTATGTCCGCTAGTAAATACTCATCG
ATTAATTATTTAAAATGTAACAACTCATG
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TGACTAACAAAATTTTTATTTTATTTCATT
TTTAAAACCTGGCAACGTTGTCTGGCTT
GTTTAGGATAAGTCACAAATTTAGTGTTG
GCTCTAAAGTACTTACTGTCTACACAGC
ACAAGTCACAAATCGTTAAATACACCATA
AACCTCATGCATCGTTGCCGGATGGTTC
AAAAGCTCATACTATTTGTGACTATCTTC
TTGATGGCGGCCGTAAACTTGAAGGTTG
ATTAACATCCTTTCACAAAGCTTAATTAT
GCAATGAAAATAATTTTTAACAACTTTAT
TTGTGACAAAAAAATTGAAGCTAATGTAA
AATTGTTTGGTTAAATTCTTGTGAAGGTC
TATGGTTCGATGTTCAATAACCAGCAATT
TCACCGTAGGCGTAGTGTAACAAATTGT
ATCATGTGTAGGATATTTACGAATAAATT
ATTTTTAATCTCGTATGTTTGGACTCTTA
TTTCTTTTATATAACTCTTGTTGTTTTATT
GAAATCAAGTACAAAATTATTGTGGCATA
TGCTATTGTGTAATATTTGTTTAATAAAA
GATGACATATACTTGGCA (1,514) 

MSTRG.29667.1 (1) 
Uridine phosphorylase 1 
[Anoplophora 
glabripennis](92%;93%) 

Higher (1) 
Nucleoside 
phosphorylase 
superfamily 
(IPR035994) 
 
GO:0009116 
nucleoside 
metabolic 
process 
GO:0003824 
catalytic activity 

(1)337-723 
MSISEEERDEYPDGSVRL
RNPHIELMDQDILYHLALG
SESHDLIEMFGDIKFVCM
GGTPKRMENFAEYIMKEI
GHKLPTGTQLMDISQYSY
RYSMYKVGPVLSISHGMG
APSIGILLHEVIKLMYHAKC 
(130) 
 
 

AAAGCATTTAACGACAACAATGAAATCTT
ATCTGTTTTGCAATATGTACTGTAATCAA
AAATGATTCACCTAATCCACAGGAGTGG
CGCATATCCTCTCTATTATTATTGGAGTA
AAAAACCCGACAGTTCCAAAATACCCAT
CCCTATTTCCCCATCTCTAGCCGTTCAG
TGTGGTCGATCGTAGTGGAAGGAGACG
CACCCTTCTAGTTTATCTTTAGTTAAATA
AAAAAATGTCTATTAGATTTTGTTAAAAA
TACCCTTCTAAACGGACTTTGTTAGTTCC
CTTTCTAGTGACCATCCTTGTAAGTGTTT
GTTTTTCAGGATTTCTCTCAAGATGTCGA
TATCAGAGGAGGAAAGAGACGAATACC
CAGATGGATCCGTACGATTACGAAACCC
CCACATCGAACTTATGGACCAAGACATT
TTGTATCATCTAGCTCTGGGAAGCGAGT
CTCACGATCTTATTGAAATGTTCGGTGA
TATCAAATTCGTGTGTATGGGAGGAACA
CCAAAGAGAATGGAAAATTTTGCCGAAT
ATATCATGAAAGAGATTGGCCATAAATTA
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CCAACTGGAACTCAGTTAATGGATATAA
GTCAGTATTCTTATCGCTACAGTATGTAC
AAAGTGGGGCCTGTATTATCTATTAGTC
ACGGCATGGGTGCCCCATCCATCGGTA
TCCTTCTTCACGAAGTGATAAAACTAATG
TACCACGCGAAATGTA (724) 

MSTRG.87888.1 (1) 
Laminin subunit gamma-1-
like [Leptinotarsa 
decemlineata](100%;74%)/
Laminin subunit gamma-1 
[Anoplophora 
glabripennis](100%;69%] 

Higher (1) 
Laminin EGF 
domain 
(IPR002049)/L
aminin IV 
domain 
(IPR000034) 

(1) 3-584 
RCEENFFDFSSSGCKTCG
CHPAGSFNNQPTCDPYN
GMCQCKENVEGKQCNEC
KPGFFNLDEENAFGCTPC
FCYGHSGQCSSASQFSK
FVVTSSFFKGTERWNAED
EYQRQIEVKYEPISQSIGV
HTVGDEAVYFIAPNRFLG
DQRASYNQLLEFTLRIGD
NRAVPTATDIILEGSGASV
TNTIFAQKNAIPSMQ (195) 

ATAGATGTGAAGAAAATTTCTTTGATTTT
TCATCATCCGGATGTAAAACTTGCGGAT
GTCATCCTGCTGGATCGTTTAATAATCA
ACCCACATGTGACCCCTACAATGGAATG
TGTCAATGTAAAGAAAACGTAGAAGGTA
AACAGTGCAATGAATGTAAACCTGGATT
TTTCAACTTGGATGAAGAGAATGCTTTC
GGATGTACACCCTGCTTCTGTTACGGTC
ACTCAGGCCAATGTAGTTCAGCTTCACA
ATTTTCAAAATTTGTGGTGACCTCATCTT
TTTTCAAAGGAACTGAAAGATGGAATGC
TGAAGATGAATATCAAAGACAAATAGAA
GTTAAATATGAACCTATCAGTCAAAGTAT
CGGCGTGCACACTGTGGGAGATGAAGC
TGTGTATTTCATAGCACCTAACAGATTTT
TAGGTGATCAAAGAGCATCATATAATCA
ACTTTTAGAATTTACTTTGCGAATTGGAG
ATAACAGAGCGGTACCAACAGCCACGG
ATATTATATTGGAAGGATCGGGAGCTTC
TGTTACGAACACTATTTTTGCCCAAAAGA
ATGCCATACCGAGTATGCAG (584) 

MSTRG.25345.1 (1) 
ATP-binding cassette sub-
family G member 1-like 
[Anoplophora glabripennis] 
(99%;68%)/ 
PREDICTED:ABC 
transporter G family 
member 2-like [Nicrophorus 
vespilloides] (99%;64%) 

Higher (1) 
P-loop 
containing 
nucleoside 
triphosphate 
hydrolase 
superfamily 
(IPR027417)/A
BC transporter-
like 
(IPR003439)/A
AA+ ATPase 
domain 

(1)3-1799 
SRVILDSINGDFSGGELTAI
MGPSGAGKTMLLNILAGY
TSKGVLGEKLINDKPRNEL
AFQRKSCYIMQDDDLQPL
LTVSESMTIAASLKMSSKY
TWKEKKNRIKEILESMGLY
KHGKTRIGALSGGEKKRL
SIALELLKNPDVMFFDEPT
SGLDSVSSKQCVLLLKQM
AISGKTVICTIHQPAAPIFEI
FDHLYVIADSKCLYQGSV
KGLLPYLEEVDLRCPTYH

GATCTCGGGTAATTTTAGACAGCATAAA
TGGTGACTTTTCTGGAGGAGAACTAACA
GCTATAATGGGACCATCTGGTGCAGGG
AAAACTATGCTTTTAAATATTCTGGCCGG
ATACACATCCAAGGGCGTTTTAGGTGAA
AAACTAATAAATGATAAACCAAGAAATGA
ACTAGCATTCCAAAGAAAATCTTGTTATA
TAATGCAAGATGATGATCTCCAACCTCT
ACTTACAGTATCTGAGTCAATGACAATA
GCAGCCAGTCTTAAGATGTCTTCTAAAT
ATACATGGAAAGAAAAAAAGAATAGGAT
TAAAGAAATTTTGGAATCTATGGGACTCT
ACAAACATGGAAAAACTCGTATAGGGGC
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(IPR003593)/A
BC-2 type 
transporter 
domain 
(IPR013525)/A
BC transporter 
conserved site 
(IPR017871) 
 
GO:0005524 
ATP binding 
GO:0016887 
ATPase activity 
GO:0016020 
membrane 

NPADFLLEVASGEYGDYA
TILSEKSENGLNMEYRKQ
QRNSLQLESLEHIGRMMT
SGKITPVHAPPIYFSKSPIC
CDKDIDISYLHSYKGSYPA
SFFTQLNVLIRRTFLVITRN
KTLTVSRFLTHIVIGLFIGV
LYFGIGIDASNMLNNFNYI
FFSQMFLMMTAFNSVLTT
FPSELPILTREHFNKWYSL
KSYYLAISIADIPIQMAAST
CYALLTYFMTQQPIEGFR
VGQFLFICLLIAAVSQSFG
LLISATMSINNGVIFGPFCF
LPFTIFSGFFVQLTAAHPA
LQWIFHISFLKYGFEGLVL
SIFGYERGKLPCETDYCH
HVYPKHFLKDMDMENSTY
SLAVIFLVSLFVALRIAAFIA
LHFKVKGHRQSR* (599) 
 
 

CTTGTCAGGAGGAGAGAAAAAGAGACTT
TCTATAGCCTTAGAATTATTAAAAAATCC
AGATGTAATGTTTTTCGACGAACCAACA
AGTGGTTTAGATAGCGTCTCTTCAAAAC
AATGTGTATTATTGTTGAAACAAATGGCA
ATATCGGGAAAGACCGTAATTTGTACAA
TTCACCAACCTGCTGCACCAATTTTTGA
AATTTTTGATCACCTTTATGTAATAGCCG
ACAGTAAATGTTTATACCAAGGAAGTGT
TAAAGGTTTATTGCCATATTTGGAAGAA
GTAGATTTAAGATGTCCTACTTATCATAA
TCCTGCCGACTTTTTACTAGAAGTAGCA
AGTGGAGAGTATGGTGATTATGCAACAA
TCTTATCAGAAAAATCGGAAAATGGGTT
AAATATGGAATATAGAAAACAACAAAGA
AATTCCCTACAATTGGAATCATTAGAACA
CATAGGAAGAATGATGACATCTGGAAAG
ATCACACCCGTACATGCTCCACCTATAT
ACTTTTCAAAATCTCCAATATGCTGTGAT
AAAGACATAGATATTTCATATCTACATTC
ATATAAAGGTTCATATCCTGCCTCATTTT
TTACTCAACTTAATGTCCTCATACGAAGA
ACCTTTTTAGTTATCACAAGGAACAAAAC
GCTTACAGTTTCTAGGTTTCTCACACATA
TAGTTATAGGATTATTTATAGGAGTTTTA
TATTTTGGAATAGGAATAGATGCATCAAA
TATGTTAAATAATTTTAATTACATCTTCTT
CTCTCAGATGTTTCTTATGATGACTGCCT
TCAACTCAGTTTTAACAACTTTTCCGTCC
GAGCTGCCAATTTTAACCAGGGAGCATT
TTAATAAATGGTATTCACTTAAGTCATAT
TATTTGGCCATATCAATTGCAGACATTCC
AATTCAGATGGCTGCATCTACCTGCTAC
GCACTACTTACTTATTTCATGACTCAACA
ACCCATAGAAGGTTTTAGAGTAGGACAA
TTTTTGTTCATATGCCTGCTCATAGCAGC
TGTATCACAAAGTTTTGGACTCCTAATAA
GCGCTACTATGAGTATAAATAATGGAGT
AATTTTTGGTCCTTTTTGTTTCCTACCAT
TTACGATATTTTCTGGTTTCTTCGTTCAA
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TTAACAGCGGCCCACCCAGCGCTCCAA
TGGATCTTTCACATATCATTTCTAAAATA
CGGTTTTGAGGGACTAGTTCTGTCAATT
TTTGGATACGAAAGAGGAAAACTTCCAT
GTGAAACAGATTATTGTCATCATGTGTAT
CCAAAGCATTTCTTAAAAGACATGGATAT
GGAAAACTCAACATATTCATTGGCTGTG
ATATTTTTAGTTAGTTTGTTTGTTGCTTTA
AGGATAGCTGCATTTATTGCACTGCATT
TCAAGGTGAAAGGTCACCGACAAAGCC
GGTAGTACATAGTTTATTGTGATTTTATT
GGTTTTAACGGTACATATGAGGGTCATT
TGTAACAAAAGGTTCCCTGTGCCACTGA
GAAAGAATACGACGTGATAAGAGAAATC
TGGCAACATTGCATTACGCATCAACTCT
CTCTCTCTCTCTCGCTCTCACCCATCAC
TATCATCTCGCTACCCTTCTCAGTGTGG
GCTTAGCAGCCTTCGAAGATGGAGTTCA
CGATCGCTGTTACCACCAGATACAAAAT
TGGTACTGCGATACGTTTTTAAATGCAA
ACGGATTTCACCTATTGACATTACTTATC
AGTTAATCGAAGTTTAGGGGTAAAAGTG
CATATCTGTTCAGCATTTTCGCAAATGGT
GTAGAGAATTCAGTGAAGGCCGAACGG
AAATGGACGATGAAGATCTGAGCGGAA
GGCATTCAGATTCAGACGAATATTGATT
GAAGATTAGAGGTTCACCATTAACGACC
TTACTTACGTATTTCTGAGACTTTCCACA
CCAGAATTCATAAAAAATTAGGCTATCAC
AGAGTGTGTCTGCGATAAGTACCGCGA
CTGCTTACAGAAAATCACAAACAGCAAC
GGGTCGAGTGTGCCCAGCAATTTTTGCA
AAAAGATGACAAGGAAGAATTTTTGGAT
TCCATTATCACACGGTAAGAAACATATG
TGTTTCACTTCATCTCCAAAACTAAGCAG
CAATCACGTGAAAGGCATTACTCAACTT
CTCCGAAGTCGAAGAAGTGTAAACAAAC
TCAATCGCTGGGAATGTCATGACGACCA
TCTTTTGAGACAGGAAGAGCCTACTGTT
AATCGACTTTTTGACTTATGGACCAAGA
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GTAGTTAACTCCAATAGATATTGGGAGA
CATTAAAAAGATAAGACGTGCGCTCCAG
AACAGCCCACTAAGACTATTGCCCAGTG
TTGTGAGACTTCTCCATGACAACGCTCG
ACCTCATGTACTCATGTCTCACATCAAA
CTGAAGAACTGCACTGCTGAGCGATTTT
GGCTGGATTGTTGTGCAAACGACCCCC
CTACCGTCCGTATCAAGCACCAAGTGAT
AATCACTTATTTCCAAAATCAAAGGAACA
CTTGGGTAGCTTACGCTTCAGTCCCGAT
GATGAAGTCAAGGAAGAAGTTACTCGAT
TCCTCAAAGGATTGCCGGTTGAATTCTA
TAACATGGGGATAGAAATGTTGGAGCAT
CATCTGCAAAAGTCTTTGGAAAAAAACA
GCGATTATGTAGAAAAATAACGCAAGTT
TTAAATTTTAAAATGATGTGCAATACTAA
GCACAAAAATAAAGCTGTCTATTCTAGA
AATTTATGGGAATCTTATTTTACAAATGA
CCCTTGTAAAATGATTGTTGTATAGAAAT
GACAATCGTATTTGTCGATATAATGTCG
ATTTGGTAAAAACATTTGATATTTGTACT
AATAGGTGGGTTTTATAATTTTATTAAAA
AATACATTGACTATTTTTGTAAATTTTTTT
GGTAATTTTGAACTATGTATTTACAATTT
TTTTTTTAAATTTGTGAACAGTGCAAAAG
TGTATAAAGCATTAATAACCAAATAAATA
CACTGAGTGGCACAAAAAATGACCACCC
CACAAAATGGGTAA (3,417) 

MSTRG.31399.1 (1) 
Uncharacterized protein 
LOC111507003 
[Leptinotarsa 
decemlineata](98%;76%)/P
REDICTED:elongation 
factor Tu [Tribolium 
castaneum] (90%;74%) 
 
 

Lower (1) 
P-loop 
containing 
nucleoside 
triphosphate 
hydrolase 
superfamily 
(IPR027417)/Tr
anslation 
protein beta-
barrel domain 
superfamily 

(1)164-1534 
MLTYSICRTFTKEIVKSKY
PLKISVLDCVKHFSQFSQN
KGNHSLPLPKLILNYCTDI
KKNINVGTIGHVDHGKTTL
TAAITKVLQKDGLAKYVSY
DEIDRAPEEKARGITINAA
HIGYSTKKRSYAHTDCPG
HADFIKNMISGVSQMDGAI
LVVAATDGQMPQTREHLL
LAKQVGVTKVIVFVNKADL
VDQEILDLVELEIRELLEDF

CTGAAACAACATAAATTGTTCGAAAAAAA
TTGGGCGATGAATAGCCCTATTGACAAT
GATCTCAGCTTAGAACAGTTAAAAAAAA
CTGACTGAGAAGAAGTAACTAAAAATGT
GGTTAATTTTTGTGAGGTTTTGTATTTAA
TTTTTAAAATTAAGTAGAAAAATGCTTAC
ATACTCAATTTGCCGTACGTTTACTAAAG
AAATAGTTAAAAGTAAATACCCTTTAAAA
ATATCTGTATTGGACTGTGTTAAACATTT
CTCTCAGTTTAGTCAAAATAAAGGCAAT
CATTCTTTGCCATTGCCGAAATTGATTTT
AAATTACTGCACAGATATTAAAAAGAACA
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(IPR009000)/T
Ranslation 
elongation 
factor 
EF1A/initiation 
factor 
IF2gamma C-
terminal 
superfamily 
(IPR009001)/S
mall GTP-
binding protein 
domain 
(IPR005225)/Tr
anscription 
factor, GTP-
binding domain 
(IPR000795)/Tr
anslation 
elongation 
factor EFTu-
like domain 2 
(IPR004161)/El
ongation factor 
Tu domain 2 
(IPR033720)/Tr
anslation 
elongation 
factor 
EFtu/EF1A C-
terminal 
domain 
(IPR004160)/Tr
-type G domain 
conserved site 
(IPR031157) 
 
GO:0003924 
GTPase activity 

GFDGTNTPFIFGSALEAM
NDKETKFGIPAIKELIACLD
SYIPDPQRDVTSPFMLPID
NAFTVPGRGTVVVGTIFR
GVMKKLQEAELLGFDNQF
KTTVTDIQVFKKSVAEAKA
GDNVGTLLRGIKLKDISKG
MLLCAPNSVKISNRFKASI
YFLSSREGGRTKPITGKY
CQQLFSRTWNVACRIDLG
EEVKMILPGEHGSVDLTLL
WKMVMLPGQQFTIRENNI
TVATGIITETLPSIAVTSSL
GKLTV* (457) 

TAAATGTAGGTACAATCGGTCATGTTGA
CCACGGAAAAACTACACTTACAGCTGCC
ATAACTAAGGTACTACAGAAAGATGGTC
TTGCAAAATATGTTTCCTATGATGAGATT
GATAGAGCTCCAGAAGAGAAAGCAAGA
GGTATTACAATTAATGCAGCTCACATTG
GTTACAGTACGAAAAAGAGAAGTTATGC
TCATACAGATTGCCCAGGACATGCAGAT
TTTATAAAAAATATGATTTCTGGTGTGTC
TCAGATGGATGGTGCTATATTAGTTGTA
GCTGCGACTGATGGACAAATGCCACAAA
CTAGGGAACACTTATTATTGGCTAAACA
AGTTGGAGTAACAAAAGTCATTGTGTTT
GTAAACAAAGCTGACTTAGTTGATCAAG
AGATACTGGATCTAGTGGAACTGGAAAT
TAGAGAGCTACTTGAGGATTTTGGTTTT
GATGGCACCAATACGCCATTTATATTTG
GATCTGCATTAGAGGCTATGAATGATAA
AGAAACAAAATTTGGTATACCTGCAATTA
AAGAACTTATTGCTTGTTTAGATAGTTAT
ATACCAGATCCTCAAAGAGATGTTACAT
CACCTTTTATGCTACCCATAGACAATGC
ATTTACAGTTCCTGGTAGAGGAACTGTT
GTTGTTGGAACAATATTTCGGGGTGTTA
TGAAAAAATTGCAAGAAGCAGAATTACT
TGGTTTTGACAATCAGTTTAAAACTACTG
TTACAGATATACAAGTATTTAAAAAAAGT
GTTGCAGAGGCAAAAGCTGGAGATAAT
GTAGGGACATTATTAAGAGGTATCAAAT
TAAAAGACATAAGTAAAGGTATGCTCCT
TTGTGCTCCTAATAGTGTTAAAATCAGTA
ACAGGTTTAAGGCTAGTATTTATTTTCTA
TCAAGTAGAGAAGGTGGAAGAACGAAA
CCTATAACTGGCAAATACTGCCAACAGT
TATTTAGCAGAACCTGGAATGTGGCATG
CCGCATAGATTTGGGCGAAGAAGTTAAA
ATGATATTACCTGGAGAACATGGTTCTG
TAGACCTCACTTTGTTATGGAAGATGGT
AATGCTACCTGGACAGCAGTTTACAATA
AGAGAAAATAACATTACAGTTGCAACTG
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GO:0005525 
GTP binding 

GGATAATAACAGAAACTTTACCCAGTAT
AGCGGTTACTTCAAGTTTAGGAAAGTTG
ACAGTATAGCGATAATAGAACCATAATT
GTTTGTAAATAAATTGTTTAAAGTTGATG
TGTAAAATCAATTACCATAATTGTTAACT
TGACCTTTTTCCTACAGGCTATTAGCTTC
CCTAGTTGTATTTCCAAAGAATATAGACC
TTATAGAAGGGTACTGCCCTGTAACGTT
TCAGCATAGGATTTTGTGCACCAACTGA
GTAGGTGCATGTGGCCTGACAAATGAGT
AGGTACAGTATTTTCAAGGGACA (1,776) 

MSTRG.38519.1 (1) 
Retrovirus-related Pol 
polyprotein LINE-1 [Zea 
mays] (99%;61%) 

Lower (1) 
Reverse 
transcriptase 
domain 
(IPR000477) 
 

(1)3-449 
WLAGLFNRIMEVGQMPD
EWRSSILVPVYKNKGDIQ
QCTNYRAIKLLSHTMKIWE
RVIDRRIREETEISENQFG
FMQGRSTTDAIFTIRQLME
KYRSKETNAHMVFIDLEK
AYDRVPREILWWALNKKG
VPGEYVKIVRDMYEGVTT
SVX (150) 
 
 

GGTGGCTAGCAGGTCTATTTAATAGAAT
TATGGAAGTCGGACAAATGCCAGACGAA
TGGAGAAGCAGTATACTGGTACCTGTTT
ACAAAAACAAGGGAGATATACAACAATG
TACAAACTACAGGGCTATAAAACTGCTT
AGCCACACCATGAAAATATGGGAAAGAG
TAATTGACAGACGGATACGTGAAGAGAC
CGAAATATCCGAGAATCAATTTGGCTTT
ATGCAGGGTAGATCAACAACAGATGCAA
TTTTCACTATAAGGCAGTTGATGGAAAA
ATACAGGAGTAAAGAAACAAACGCTCAT
ATGGTATTCATTGATCTTGAGAAAGCATA
TGATAGAGTTCCTCGAGAGATTCTGTGG
TGGGCACTCAATAAGAAAGGAGTCCCTG
GTGAATATGTAAAGATTGTGAGGGACAT
GTATGAGGGAGTAACGACTAGTGTTAGN
NN (451) 

MSTRG.38739.1 (1) 
Chitinase 10 [Anoplophora 
glabripennis] 
(95%;51%)/chitinase 5 
precursor [Tribolium 
castaneum](96%;39%) 

Higher (1) 
Glycoside 
hydrolase 
superfamily 
(IPR017853)/C
hitinase 
insertion 
domain 
superfamily 
(IPR029070)/Gl
ycoside 
hydrolase 

(1)232-1347 
MKWCGIIVIFCVVLGAVSC
APTNFTRNVICYYTGSFGI
KVAPPESIDTNLCTHLNYA
FVKINENGTLIHNKYVDIKK
EMYKRVASLKKMNPKLKIL
ISIGDTPAAVFSEVAADPD
KRHSLIQNTIDFLRLHGFD
GVDVDWEKPYSKDEENFI
HLLKEFKKALETKNYLLSV
AVYPYPDAGYIVPKITENV
DMINIMCYNFYGPWSIYT

AGCGTTGTTTGGAGAGAGAATTTTAAAT
TTGATGATAAAAAATGATAAAATTGTATC
ACCTATTTAAACCTCATCATCGGGTTATG
ATTATGTATAATATGTGAATTCTTATATTT
AGGTATATAGTGGTAGTTATATACAACTA
TAAACAAAACAGTGGTAGTTCCCCAACA
ACTTTTGATACAAATACGAACCTCTGCT
GGACGGTACCGTTATTTGAGTTAATTAA
CCATGAAGTGGTGCGGAATCATTGTGAT
TTTTTGCGTTGTTCTTGGTGCAGTATCAT
GTGCACCAACAAACTTCACAAGAAACGT
AATATGTTATTACACAGGCAGTTTTGGAA
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family 18, 
catalytic 
domain 
(IPR001223)/C
hitinase II 
domain 
(IPR011583)/Gl
ycoside 
hydrolase, 
chitinase active 
site 
(IPR001579) 
 
GO:0005975 
carbohydrate 
metabolic 
process 
GO:0004553 
hydrolase 
activity, 
hydrolyzing O-
glycosyl 
compounds 
GO:0008061 
chitin binding 

GHNAALFASPVESAYERN
HLNTAMGLQNWLKAGAT
KEKVNVGIPFYGRTFTLAD
PNDHGFHAPITGSGKPST
ATYRQICSNFANYTSVWD
DTQKVYYKYYEDQWLTYE
EERSVKEKAKYIRSQNVA
GAMIWQIGQDDINGECGP
KQGLLQVVNKYLHEDNNL
C* (372) 
 

TCAAAGTAGCACCACCTGAATCAATAGA
CACAAACTTATGCACCCACCTAAATTAT
GCATTTGTAAAAATAAATGAAAATGGAAC
CTTAATCCACAATAAATATGTAGATATTA
AGAAGGAAATGTATAAACGAGTGGCATC
GCTTAAAAAAATGAATCCTAAACTGAAAA
TTCTCATAAGTATTGGGGATACACCTGC
TGCAGTATTTTCTGAAGTAGCTGCGGAT
CCGGATAAAAGACACAGCTTAATACAAA
ATACCATTGACTTCCTTCGTTTACATGGC
TTTGATGGAGTAGACGTTGACTGGGAAA
AGCCTTACAGTAAGGATGAGGAAAATTT
TATTCATCTCTTGAAAGAATTTAAGAAGG
CATTGGAAACAAAAAACTACCTACTAAG
TGTTGCAGTATATCCTTATCCTGATGCA
GGTTATATTGTACCAAAAATAACAGAAAA
TGTTGATATGATCAATATAATGTGCTACA
ACTTTTATGGCCCTTGGAGTATTTACACT
GGTCATAATGCAGCTCTCTTTGCTTCGC
CAGTTGAAAGTGCTTATGAGAGAAATCA
TCTGAATACAGCCATGGGTCTTCAAAAC
TGGTTAAAAGCAGGAGCAACTAAGGAAA
AAGTTAACGTCGGAATACCTTTCTATGG
ACGAACCTTCACTCTTGCCGATCCCAAT
GATCATGGTTTTCATGCTCCTATTACTG
GTTCTGGTAAACCATCAACGGCAACATA
TAGGCAGATCTGTTCAAACTTTGCGAAT
TATACCAGCGTATGGGATGATACACAAA
AAGTATACTACAAGTATTATGAGGATCAA
TGGCTGACTTATGAAGAAGAAAGATCAG
TTAAAGAAAAGGCTAAGTATATTCGTTCA
CAAAATGTTGCTGGCGCTATGATTTGGC
AAATAGGTCAAGATGACATAAATGGTGA
ATGTGGCCCGAAACAAGGATTACTTCAA
GTTGTGAACAAATATTTACACGAAGATAA
TAATTTATGTTGAAATTAATTTAGATTAAA
ATAATTATAGGTAGTTTCATAGTATCATA
ACTCATAGACTGCCTGTCATGACAGTAT
TCTAATTTATTAATTTAAATAATTAAACAT
TCATGTTCAAGTATTTCTTATATTTTTTTA
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CATTTAAAATATATATTACGTTAAACTAA 
(1,510) 

MSTRG.88057.1 (1) 
Aldose 1-epimerase-like 
[Anoplophora glabripennis] 
(89%;59%)/Aldose 1-
epimerase-like 
[Leptinotarsa 
decemlineata](82%;58%) 

Higher (1) 
Glycoside 
hydrolase-type 
carbohydrate-
binding 
superfamily(IP
R014718)/Gala
ctose 
mutarotase-like 
domain 
superfamily 
(IPR011013)/Al
dose 1-
/Glucose-6-
phosphate 1-
epimerase 
family 
(IPR008183) 
 
GO:0005975 
carbohydrate 
metabolic 
process 
GO:0003824 
catalytic activity 
GO:0030246 
carbohydrate 
binding 
 

(1)108-383 
MAKVILTEDKFGKITDGKG
RTQIVRRFTWKNKNNVSA
QVINYGGYITSIKVPGCNK
EVEDITIGFNDIEGYLKPEN
RYLIVLVYTGCPRLI* (92) 
 

CTTCCCTAATTATTTTGTTAACTTTATATA
ATGCACTCAATCGGTTAGTAACAGACAA
GCAAACATTTAGTTTTATTTTTAATATAC
CTGTGTAGCAACACAAAAAAATGGCGAA
AGTCATTCTAACAGAGGATAAGTTTGGA
AAAATAACCGATGGAAAGGGGAGAACG
CAAATTGTAAGAAGATTTACATGGAAGA
ATAAGAATAATGTAAGCGCCCAAGTGAT
CAACTACGGAGGATATATAACATCAATC
AAAGTACCAGGTTGTAACAAAGAGGTGG
AGGATATTACAATTGGTTTTAATGATATC
GAAGGTTATCTCAAACCAGAAAACAGGT
ATTTGATTGTTCTAGTATATACAGGGTGT
CCCAGACTAATTTAGCCACGCTATATCT
CTTAAACGAATAGAG (411) 

MSTRG.20829.1 (1) 
Alpha-tocopherol transfer 
protein-like [Anoplophora 
glabripennis] 
(94%;38%)/retinol binding 
protein pinta-like 
[Leptinotarsa 
decemlineata](90%;33%) 

Lower (1) 
CRAL/TRIO N-
terminal 
domain 
superfamily 
(IPR036273)/C
RAL-TRIO lipid 
binding domain 
superfamily 

(1)250-1101 
MKSKIIDAENLDSPPLLVIN
REGVRKYWGKSESDVCEI
VKDLQEWIKEQNFPEMPT
NHMIEFFLTNCKYKIDATK
DVLNTYYTIRKQVPEIYED
SNPRLAEMGNSWNMGCY
CPLPQLTDDLCRISIVKLTS
NTSNFVASSYFANIMNIYE

ATAAAAAGAAAGTGTTGATAGAGAATAA
AAGCCAGTAACAATTATTTTTTATGGCGC
ACTTTAAACACGTTGATTTCGTTTTCAAT
CTGTGTGTCGTGTCTTAAGAAATACTAC
AGATCTTACTTGCAACACGATCACCCAG
TTAACCCGAAATTGTGCGACATACAAAC
GTGAAAGATCATTGAGTTAAATTGTAGTT
AACCAATTGAATCGTAACCTTGATTTTAC
GACCTTTAATTATTCAAAATCATGAAGTC
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(IPR036865)/C
AL-TRIO lipid 
binding domain 
(IPR001251) 

LRIYEDLCLSEIIICDYSALS
WGHVFKMDIFTVRKMAHI
MNSLKNRVKQLHIVDSPS
CINIIISLAKKLLNKKIADRIV
VHKSYDSLYEHVPKDLLP
SDYGGKGRPLEETIDMWK
EKVKQYQERFDTLEAWSK
* (284) 
 

CAAAATAATAGACGCGGAAAATCTGGAT
TCACCACCGCTGTTGGTGATAAATAGAG
AAGGGGTTAGAAAATATTGGGGAAAGTC
GGAGTCCGATGTATGTGAAATTGTTAAA
GATCTTCAAGAATGGATTAAGGAACAAA
ATTTCCCGGAAATGCCAACGAATCATAT
GATAGAATTTTTTCTTACCAACTGCAAAT
ATAAAATTGATGCTACTAAAGATGTTCTC
AATACATATTACACAATAAGAAAACAAGT
ACCTGAAATATATGAAGATTCTAATCCCC
GACTAGCAGAAATGGGAAACTCTTGGAA
TATGGGGTGTTATTGTCCATTACCACAA
TTGACAGATGACTTGTGCAGAATATCTA
TTGTCAAACTTACCTCAAATACATCAAAT
TTTGTAGCTTCTTCATATTTTGCCAATAT
AATGAATATTTATGAACTACGAATATACG
AAGATTTATGCCTTAGCGAAATTATTATT
TGCGACTATAGTGCTTTAAGTTGGGGAC
ATGTTTTTAAAATGGATATTTTTACTGTT
CGAAAAATGGCACATATAATGAATTCAC
TTAAAAATAGAGTAAAGCAGTTACATATC
GTGGATTCCCCGTCTTGTATAAACATAA
TTATATCATTAGCCAAAAAATTACTTAAT
AAGAAGATAGCAGATAGGATTGTGGTAC
ATAAATCGTATGATAGTCTTTATGAGCAT
GTTCCAAAAGACTTACTTCCCAGTGATT
ATGGTGGCAAAGGAAGGCCCTTAGAAG
AAACCATTGACATGTGGAAAGAAAAGGT
AAAGCAATATCAGGAAAGGTTTGACACC
TTAGAGGCATGGAGCAAATAGGACTGAA
CAAGGATCTCACCTTTTTATATAAATATT
TGTTCATTTTTATATTTTTATAAAATGAGT
GGTATATATTATACTATTTATTTATTTCTA
TTATATTTTTAATAAAGAAGACATTATAAT
TATGCG (1,233) 

MSTRG.80801.1 (1) 
No hit 

Higher (1) 
No hit 

(1)275-87 
APTGSRAPAPAHRTYDNC
ARISCHNICNFTSNYINYG
NLCKFIISYVKFHKLRKFQ
KLHKLH* (63) 

AATTAGTGATGTGAGTTGTAAAATTACAT
AACTTACGTTACATAAATTACACGTAACT
TACGGTAATATTACATGATACCCGTAACT
TAATGTAATTTATGTAATTTTTGGAATTTA
CGTAATTTATGAAATTTAACGTAACTTAT
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 GATAAATTTACATAAATTACCGTAATTTA
TGTAATTACTGGTAAAATTACATATATTA
TGGCAACTTATGCGCGCGCAATTGTCGT
AAGTGCGGTGCGCCGGTGCCGGCGCG
CGCGAACCAGTGGGTGC (275) 

MSTRG.81903.1 (1) 
Facilitated trehalose 
transporter Tret1-like 
[Leptinotarsa decemlineata] 
(98%;52%)/ Facilitated 
trehalose transporter Tret1 
[Anoplophora 
glabripennis](95%;52%) 

Higher (1) 
MFS 
transporter 
superfamily 
(IPR036259)/M
ajor facilitator 
sugar 
transporter-like 
family 
(IPR005828)/S
ugar inositol 
transporter 
family 
(IPR003663)/M
ajor facilitator 
superfamily 
domain 
(IPR020846)/S
ugar 
transporter 
conserved site 
(IPR005829) 
 
GO:0055085 
transmembrane 
transport 
GO:0005215 
transporter 
activity 
GO:0022857 
transmembrane 
transporter 
activity 
GO:0016020 
membrane 

(1)154-1539 
MNILSILMQCKYTSFFIVIT
VNLLATTGDSTLSWTSPIF
PKLMSNDTSSNPLGRPIT
KHEDSIIGSILNVGALIGPLI
FNFITRRFGYKYTLLGLAIP
HIVSFLVLAFARNIYLFYAA
RFLAGLSLGAGYSLFSLYV
GEISDDSNRGGMIVITNIF
WSLGNFLPLAIGPYTSIMS
FNLILTVLPVLFFVLFFGIG
VESPYYLIRQKEEEKAEEA
LMYLRGKNKKDITEELGKI
KNFVEHSTEGRIQDIFTDK
VLRKCILICILLLATQDLGG
YCSILYHLTLIFKAAGSEIS
EDTAALIVGIGLFASSFLAP
FLVDYFGRRPLLITSALGM
GLSLGVLGLFFFLRNHHF
NVESIKFLPLLSLICYIISYN
LGINTVPWTLISELFPSSV
KQEASTIGAFCCWFTTAV
VTFSYNYLNDALGVYGTF
WLFACWCLFSATFCFFFV
PETKGKSFIEVQKMLYAQ* 
(462) 
 
 
 
 

CGACAAAATTGCATGTCAAAAGATTGCC
GCATTTGTTCCGTTCTATCTGACTAATTT
TATTATTCTAAGATCATACCTTCAATAAA
TAACACGGTCGGTTAATTATCTAATCATT
TTTAGCGAAACCAAGTGAGTGACTGACT
TACCTTCAGGATGAATATTTTGAGTATTT
TGATGCAGTGTAAATATACCTCGTTTTTT
ATCGTTATAACAGTTAATCTTCTGGCAAC
CACAGGTGACTCAACATTATCATGGACC
TCACCGATTTTTCCGAAACTGATGTCAA
ACGATACGTCAAGTAACCCATTAGGAAG
ACCAATAACAAAACATGAAGACTCAATTA
TAGGTTCAATCTTGAACGTAGGAGCTCT
CATTGGACCGCTCATATTCAACTTCATAA
CTCGTCGATTCGGCTATAAATACACCTT
GTTAGGATTGGCCATACCGCATATAGTT
TCATTTTTGGTTCTAGCATTTGCAAGAAA
TATTTACCTTTTCTACGCAGCCAGATTTT
TGGCCGGACTTTCACTAGGAGCTGGATA
TTCCTTATTTTCCTTGTATGTAGGAGAAA
TATCAGATGATTCGAATAGAGGAGGGAT
GATTGTAATAACTAACATATTTTGGTCAT
TAGGTAACTTCCTGCCTTTAGCCATTGG
ACCATATACTTCTATTATGTCTTTCAATTT
GATTTTAACGGTCCTTCCAGTTTTATTTT
TTGTACTCTTCTTTGGCATAGGAGTGGA
AAGTCCGTATTATTTAATTCGTCAAAAGG
AAGAGGAGAAAGCTGAAGAGGCCCTTA
TGTATTTAAGAGGAAAGAACAAGAAAGA
TATCACGGAAGAACTTGGTAAAATAAAA
AATTTTGTAGAACACAGTACCGAAGGTC
GTATTCAAGATATTTTTACTGACAAGGTT
TTAAGAAAATGCATATTGATTTGTATCTT
ATTGCTGGCTACCCAAGATTTGGGAGGA
TATTGCTCCATACTTTATCATCTAACGTT
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GO:0016021 
integral 
component of 
membrane 

GATTTTTAAAGCAGCTGGTTCAGAAATTT
CCGAAGATACAGCTGCTTTAATAGTCGG
CATTGGTCTATTTGCATCTAGCTTTTTAG
CTCCATTTTTGGTTGATTACTTTGGACGA
CGACCTTTACTAATAACATCAGCTTTAG
GCATGGGTCTTTCGCTAGGGGTATTAGG
ATTATTCTTCTTTCTTCGTAACCACCATT
TCAATGTTGAGAGTATTAAATTTTTGCCT
CTGCTCAGCTTAATATGCTATATTATCTC
TTATAATCTTGGTATCAACACAGTTCCTT
GGACTTTAATCTCTGAATTATTTCCGAGT
AGTGTCAAACAAGAAGCCTCTACTATTG
GCGCATTTTGCTGTTGGTTTACGACAGC
TGTTGTTACCTTTAGCTATAACTACTTGA
ACGATGCACTTGGTGTTTATGGTACTTTT
TGGTTGTTTGCTTGCTGGTGTCTTTTTAG
TGCCACGTTTTGCTTCTTCTTTGTACCTG
AAACAAAAGGAAAGAGCTTTATAGAAGT
CCAAAAAATGCTTTATGCCCAATAGACA
CTCTGCGTTAAAGTTATTTTAAAGTCAAA
TATATTTATGAATATTTACAATTCCACTT
GACAATGCACAATTGTGCATTGAAAGGA
TACATGTACCTACGTCAGAGTTGGAGGT
GATACAAACCACAATTTAAAAAAAACTAG
CTTACGTAAACACCATCCATATTTTATAA
TATTGTGTCCTTAAAAGCAAACAAAACTA
CTCATATAATTATTATAGTTTGAAAACTA
TAAAATAATGCATAATTATTTGAGTAATA
CGAAATACTTGGTTATTGTATATCAAGAA
ACACCTCTAATAGATCCACAAATCCAAC
CTGACTGAAGATGGCAAGAATAGAAAAA
TTAAATACATAAACCTTCGAAAAATTGAA
AAGTTTATATGTATAGCTATCGTGAACGA
TGTATAAACATTTCAGAAAGCGTAATGAA
ACAGTAAATAGACCGCAAAAAGAAGAAA
TAACCTACAATTGGATATGGTAATTGAGT
CAATACTCGCAATCTTTAGTTTGTATTTT
TTATTAGTTGCTATGTAATCATGGGGCA
ACCGGTTTCGAGTCTTACAATATATGAC
TCATCATCAGGCCCAGTACAAAAAGTCT
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TCTCTATACAAACTACAAGCTAAAAAACA
CAAAACGAGAGACATGTACACATATATA
TAAAACATGAAAAACAACTTTGTCTTGGT
TTCAATCACATACAATAAAGCCAAGCAA
CTGTTTAGTATTGAACTCAACAGTCCATA
TCATGTAAAATGAGACATTATATCATTGG
GAGCGACCAATCTGATGAAAAATACTTG
GTATATAATTTGATATATATACTACCATC
AATCCTTAACTAGTCAAGGGTCGATGGA
GTCCTGGTAAGATAGTATGCGATCAAAA
GACATAATACAAAATTTCTTTAGTAAACG
GTATCTACTTACATAACAGCCATAGAAA
CTGTTCCACAGCTAAAGATGTACCTGGA
AGTCACCAGCCCCATAAGAAGAGTTGAC
CAATCAAACAGCCCTTAGTCTCTTAAATT
GTTAGTTAAGTGCAATTTGGAACCGTAC
AAGAAATTTTTTTTTACTGTGTTCCCAGT
GGTGTGTGTTATTTCTCTTAAACAGTTGT
TCTTGTCCAATTTAGCAGTTGTTTTTATG
TTTTATGTAGAAAGAATGTACAAACATTT
AATAATTATTAAAATAATGGGACATCACA
CACAAAATTTCACATGCACAAAAATTTTA
AAAATTGTTTTTCGGTTGCCAGAGACTTT
TTGATATTTTTTTAAGTCATTATTTGAGG
TTGTGCTGTCAGATTTCCCAGAAATTTTT
AAGATTGACATGTCTTCTACTTTCTATAA
GGAAATAACCTTTTCAAACTGATCTTGAT
GCAAAGATACAAAGATGCAAAGATAGTA
GGAAAATAGAGGAATTATACTCCATCCT
ATCGATATCCTACAGATATTGTAACTTGT
GATAATATTTCTTGAGAAGGGCAGAGAA
ACACTGTTAAAGAACTTGTCCACGAAAC
AATGCTACTCAAGATCGTAGTTATCTATA
TTCAATAACTTTTACCATAAAAACGATTC
CAGTTACCTATTTTGTTTATAGGAGAATA
ATGAGTTATTTTAACCCCTATTTGTTTAG
TAATAGGGCATTCCAACATGCTATCAAA
ATTAAATCAATATGGCGGCTGGGAGGCA
CACATAGGCCTAAATGTTATTCTGTTAGT
TCTCAATGTGTTTTAGATCATTTTAGTTG
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CGTGAAGTGGTAATTTAGTTTTATACAAG
GAAAAATTTAACATTTTCACTGAAAGAAT
CTATTTAAAATGATAATATGCCTCATTTC
CGTTATGTTGTGAAGTATGGAATGCGAG
GTAATCATGATAAAGTTCAGTTTTATCGG
TTACTATCACTACTAGCTACATTTACTTA
AATCTTAACTGAGGCGCTCCGAGCAACA
GTCGCCCAAGCCACAAATTGAGCATTTT
TAGATTAATATATCAATAAAAGTAGCAAC
ATTAAATCTTCGAATTAACAAGGGTCTAC
ACAACCTACCTCTATACTTGACTAATAG
GCGAGCGGGAGATGACCCCTAAAATGA
CCAGGTACTGACCACGGAGAGGTGAAT
GGCCAATTTTAGACATACTGTATGTTTTT
GACAGTGCTGAAAACGAAAATGAGATTT
ATTTTGAATTTCATGTGGGGGGACATTG
CCAAAATCGCAATTTTTCCCTAAAAATAA
ATAAAAATAAAATCATGTTTTTTGCGTTT
ACCTCGCTACAACTCGGTTCCATTTTAA
AATTTTTTTTCTAAAATTGTTACAGTATAT
AGCTCTAACATTTCTAAAGACAACGGTA
CCTGTTTTAAGCTTTAATTCTCATTCTGA
TAAAGGTTATGAATTTTTAAAAGGAAAAG
GTGCGTATTTGTGCATTGCAAAGTTTAAT
CGAAAAAGTTGAGTGACGAAATTTAAAA
TTTAGCCTTTTAATCACGTTTATGTTAAA
ATAGAGCGTACAAAGAAGTTTTCTGGAA
AATTTTAGATCAAAATGTTTTATAGAAAA
AAAAATAGTGCAACTTTTATTATCGACAT
TAGAAATCCCCAATATAACGGTTACTTTT
CGAGATACTGACCATGGGTGGTGAATG
GCTAATTTTGGTCTTAGATTATGTTTTTG
ACGGTGCTGAAAACGAAAATCAAATTTA
TTTTAAAGTTTATGTGGGGGAATATTGTC
AAAATCGCAATTTTACCATAAAAATAATA
AAAAAAATGAAATCACGTTTTTTGCGTTT
AACTCGCTACAACTCTGGTAGATTTTTC
CTAAGGTTTGTACACTATATGTTGTTCAC
TTTTCTAAGGACAACGGTATCTGCTTTAA
GATTTTAGTCTTATTCTAGTAAAAGTTAT
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GAATTTTTTAAAGTACAAGTTGCAGATTC
GTGAATTGCAAAGTTTAATCGCAAAAGT
TGAGAGGCAAAATTTAAAATTTATCTTAT
TAATCACTAGGGAGGTGAATGTCTAATT
TTGGTCTTATTTTATGTTTTCGATGGTGC
TGACAATGAAAAATAGGTTTATTTTGAAT
TTTATGTGAAGGAACATTGTTAAAATCGC
AATTTTAACCTAAAAATGAAAAAAAAGTG
AAGTCACGAATTTTTACGTTTAACTCGCT
ACAACTCTGTTCCATTTTAATATTTTTTTC
TAAAATTTTTACAGCATATATTTCTCACC
TTTGTGAAGACTATGAAAGTAACTGTAG
TATTTCAGTTTTTCTTTATAAAAGTTATGA
ATTTTTAAAAATAAAAGGTGCAGATTCAT
GATTTGCAGAGTTAAATCGCAAAAATTAA
GTGAAAAAATTTAAAATTTATCTATGTGA
TTACGTTTATGTGAATCCATAGAGTTCAA
AGAAGTTATATGGGGAGTTTTAGGTCTC
GATGTGTTATAGAAAAAATATGGTGCAA
CTTTTAATTTTAAGAAAAACGTGGTTTAA
CTTTTTTTTATTTTTAGTGCAAAATTGCG
ATTTTGACAATTTTCTCCCACCTAAAATT
CAAAATAAACTTCATTTTCGTTTTCAGCA
CCATCAAAAACCTTAAGACCAAAATTAG
CCATTCACCACCAAGTATCAGTATCTCG
AAAAATTAGCGTTATTTTGGGGATTTATA
ACGTAGATGTTAAACGTTGCACCATTTG
TTTTCTATAAAACATTTTATTCCAAAACTT
TCCAGAAAACTTCTTTGTACTCATGTTTT
ATTTTGAATTTGATTTAAAATCTATATTTC
AAATTGTGTTAGTCAAATTTTGCGATTAA
ACTTTGCAATTCACGAATCTGCACCTTG
TACTTTAAAAGATTCATAATTTTTACTAG
AATAAGACTAAAAGCTTAAAGCAGAAAC
CATTGTCTTCAGAAAAGTGAGCGATATA
TAGTGTACAAACTTTAGAAGAAAAAAATA
TTAAAACGGACCAGAGTTGCAGCGAGCT
AAACGCAAAAAAACGTGATTTCATTTTTT
TTTTTTTTAATTTTTAGGGTACAATTGCA
ATTTTGACAATATTCATCCACCAAAAATT



 

 

2
50

 

TAAAATAAATTTTATTTTCGTTTTCATCAC
GGTCAAAAACATAATCTAAGAAGAAAATT
AGCCGTACACCACCCATGGTCAGTATCT
CGAAAAATAAAGGTTATATTGGGGATTT
CTAATGTCGACATTAAAAGTTGTACTATT
TTTTTTATAAAACATTTTATTTTAAAACTT
ACAGAATTTCTTTGTACTCTCTACTTTAA
CATAAACGTGATTAAGAAGCTAAATTTTA
AACTTCGTCACACAACTTTTGCGATTAAA
CTTTGCAATGTACAAATCCGCACCTTTTC
CTTTAAAAAATTCATAACATTTATCAGGA
TAAGAATAAAAGCTTAAAACAGGTACCG
TTGTCTTCAGAAATATTGGAGCTATACAC
TGTAAAAATTTCAGAAAAAAACTATTAAA
ATGGAACAGAATTGTAGCGAGGTAAACG
CAAAAAAGCGTGATTCATTTATTTTTATT
TTTATGTTAAAATTGCGATTTTGACAATG
TTCCCCTACATGAAATTCAAAATAAACTT
CATTTTCCTTTTCAGCACCCTCGAAAATA
TAAAGTATGAATAAAATTAGCCATTCATC
CCTCCGTAGTCAGTATCTCGAAAACTAA
GCGCATTTTTGAGGGTATCCCGCTCGTG
TATAAATACATAATAATACTTATTATAAAT
TATTTATTATACACATTACTATAAATTATT
TATAGTGCCATCCCATAAGCATAATGTA
AATACGAACGCAAAGATTACATTTATCTC
AGAACTTCGTTTTTGGGGTTAGTCCACT
GTTGCTCTGAGCGCCTCAACTGTTCTTT
TTCCTGATGATAGTGAGAAATAAGTAAT
CATCACACTTTTAGATATGTATTAGATAT
AGTTTATG (6,455) 

MSTRG.12727.1 (1) 
Zinc finger FYVE domain-
containing protein 26 
[Leptinotarsa 
decemlineata](99%;57%)/ 
Zinc finger FYVE domain-
containing protein 26 
[Anoplophora 
glabripennis](99%;53%) 

Higher (1) 
Zinc finger, 
RING/FYVE/P
HD-type 
superfamily 
(IPR013083)/Zi
nc finger, 
FYVE/PHD-
type 

(1)453-4463 
MEEISKLIEKITRQDSTNQ
NKHINLLYKKISEFKPQDK
HDTGCLFEYILPKIYDLFQ
RDIVKRDVLYLSLIGAHNV
DVLQIFLKYHEATLNASLE
NATRLYDYCVCKKKHWF
NEILTTDNLFITNQKILNKIL
TLQLIGITNSSKFDTQHVK

AGAGTACCACCTTTTTCGTAGCAGATAG
AAAATACACACCATAAAAGAACATATAAA
TAACCAAACCTTTTTATAGTGTTGTTCTG
TGAATTATAAATATTTACAAATTAAACCT
CAGATATGTGTCAAATAAATTGTATGGAA
ACCAAAAACAAATAAAACTAATATCTCTT
GGACTCTTGGAAAAAATGTGAAAATGAG
GATGAATCATCAATATCAATCATCTATTT
ATCACTCAGATGCTGTTTATATCCGCTTC
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superfamily 
(IPR011011)/Zi
nc finger FYVE 
domain-
containing 
protein 26 
family 
(IPR028730)/F
YVE zinc finger 
domain 
(IPR000306)/Zi
nc finger, 
FYVE-related 
domain 
(IPR017455) 
 
GO:0000724 
double-strand 
break repair via 
homologous 
recombination 
GO:0000910 
cytokinesis 
GO:0032266 
phosphatidylino
sitol-3-
phosphate 
binding 
GO:0046872 
metal ion 
binding 

RLLENIDQGDIQPFWKKYF
VVTEYFLNIMDYVKSNISS
LNAHDVFCHINENAALETF
SNYLPLKSSSLEQALQLVV
QEENIFEIKNHHSTQFEAFI
ILRNLFNCITRIPNINITDEV
SDIKERLLKIPDLSLQLELL
ENIFVTIFLERSHLSNKVN
ESKMVCEEKEVRLLLFLV
KEVLDEVKLNNTPAKESV
EYAKLSQLNKVVADTIWR
MELIGDIKGSSKCEKNLLK
YMLSSPESLIQMCLARSD
FERAFQVIKIFSLEEPYLTS
EIKFSENLISLRDTLKKTIKI
KAIQKVNPKISITTLNVCVD
KTIEIFFKKNSIVTNPKIDTT
IDKLSQKYKFFNHFHSKNE
MFMNILDLAITVSQDNENS
EIILQLACENNSLDANICSN
YSKFCKRLVDLYKEIGKEK
NLSLGEVIVLPEYHLDLNV
YTKEEEFFATFAQAFNDA
MSDLTLSEPGYLNMRHLS
HRTVLKLNSLCVDNSYSR
VMENKYILKLFNYLKAFSR
VLYIEQNTSDIVSRGKNSS
YFDLLVFNRSELMGKLLFE
RNLDPSEFEKYFEKLKLD
YLYHVVGNCFPTINLHIEE
NVAKDELYPENNLYVPNK
SIITYIQKRNWLLAYILNKM
YMVEGVSIDISEIRVRVFM
NYLGLRKVQVLQRVYNEN
TIITALQNEISIQKVSDYIND
RILLHERSSNLHLSHNSSD
SLEAAEELGEDTLGYINW
KSVYDLVACIPEDQCRKN
RVCLSMTDMVLVSLIQDG
VEPDYYRYVLLIGNRDMRI

TCAGTCATTATGTTTATTGTTATTGTACC
ATCTGCACTGCATTGTCTACGCATGATC
GACTGACCTATTAAAAGTTATTTGTTTTT
TATAGTGTATAAATATGTAATTTGCTGTG
ATATCAAGTGAAACCAACACAATTGTTG
CATCTTAATTGTGATATGTAAATATACTG
AAACAAATGTGATTTTACAGAATGGAAG
AAATCTCAAAGCTTATAGAAAAAATAACA
AGACAAGACAGTACTAACCAAAACAAAC
ATATCAACCTGTTGTACAAAAAGATCAG
CGAATTTAAACCCCAAGATAAACATGAC
ACTGGCTGCTTGTTCGAGTACATCTTAC
CAAAAATATACGACCTCTTCCAAAGGGA
CATAGTCAAAAGAGATGTTCTATATCTAT
CTCTAATAGGAGCCCATAATGTTGACGT
CCTGCAAATATTTCTTAAGTATCATGAAG
CCACCTTGAACGCCAGTCTAGAAAATGC
GACACGATTGTACGATTACTGTGTTTGT
AAGAAGAAGCATTGGTTTAATGAGATTC
TAACGACAGATAACTTATTTATTACAAAT
CAGAAAATACTGAACAAAATCTTAACCCT
GCAGCTAATAGGTATTACCAATTCTAGT
AAATTTGATACTCAACATGTTAAACGGCT
GCTGGAGAATATCGACCAAGGGGATATT
CAGCCATTTTGGAAAAAGTATTTTGTCGT
TACTGAGTATTTCCTCAACATCATGGATT
ATGTAAAAAGCAACATAAGTTCCCTGAA
TGCACACGATGTCTTTTGTCACATCAAT
GAAAATGCTGCCCTCGAAACGTTTTCAA
ATTATCTACCACTTAAAAGTTCAAGTCTT
GAACAAGCTCTTCAACTAGTCGTTCAGG
AAGAAAATATTTTCGAAATAAAGAATCAC
CATTCTACACAATTTGAGGCCTTCATAAT
TTTAAGAAACTTATTTAACTGCATTACAA
GAATACCGAATATTAACATTACTGACGA
AGTTAGCGATATCAAGGAACGGTTATTG
AAGATTCCAGATTTGTCTTTGCAGTTAGA
ACTATTAGAAAACATTTTTGTTACTATCT
TCTTGGAAAGAAGTCATCTTTCCAACAA
AGTTAATGAATCCAAAATGGTTTGCGAA
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SMILDHIKEWPGDFCLDCI
KSEITRFDGMQDGRIVELK
IWLLHITLCETLKYKLDVTS
WYAAYKMCENNKENVIAK
LLEFADINLLLDFIDLHTPN
EGLLELVNEHYLAKIFEQS
TPFDRVKVLLDLLPFKHSV
RMCYNAIKMLRDLKYLNFI
VEYLLNNVSDESLRNVQIS
LKMLSIFSPFEQDQLLCLL
YEPLSIIEILIMNTKLDKLAS
VLNIVKLEISQSEFDTAVISI
KEIDELLRTYGEKTLDFRII
TQPNPRLLRTPEFKLMQS
LDSLNLGPYNKNFVMPDE
VPIKDDWIPNNEVLECMC
CQKIVFSMFNRRHHCRRC
GRVICYNCSLHRMLVPTY
DDILVRVCLDCYRQTVGE
SETSELNDSLSLKSAVYDF
WILTDDDAHNTIVREEFSY
EHAPNVSLCLSLMKYHSK
TTEYPK* (1337) 

GAAAAAGAAGTTAGGCTTCTACTTTTTTT
GGTAAAAGAAGTTCTAGATGAGGTTAAG
TTAAATAATACACCAGCAAAAGAGTCTG
TCGAATATGCGAAGCTATCTCAGTTGAA
TAAGGTTGTCGCTGATACGATATGGAGA
ATGGAGCTTATAGGCGACATAAAGGGCA
GTTCCAAATGTGAGAAGAATCTTTTGAA
ATATATGCTTTCCTCACCTGAATCTCTTA
TACAGATGTGTTTAGCTAGAAGTGACTT
TGAGAGGGCATTTCAAGTTATTAAGATA
TTCTCATTGGAAGAACCTTACTTAACAAG
CGAGATCAAGTTCAGTGAAAACTTAATC
TCCCTTAGAGACACATTGAAGAAAACTA
TCAAGATCAAGGCAATTCAGAAAGTAAA
TCCGAAGATATCGATAACAACATTAAAC
GTATGTGTAGATAAAACAATAGAAATCTT
TTTCAAGAAAAACTCAATCGTAACCAATC
CCAAAATCGATACTACCATCGATAAGCT
CTCACAGAAGTACAAATTTTTCAATCACT
TTCATTCAAAAAATGAAATGTTCATGAAT
ATCTTAGATTTGGCGATTACAGTCTCGC
AAGATAATGAAAATTCCGAAATTATCCTG
CAGCTGGCGTGCGAAAACAATTCCTTAG
ACGCAAATATTTGTTCGAATTATTCTAAA
TTTTGTAAGAGGCTTGTAGATCTATACAA
AGAAATTGGAAAAGAGAAAAACCTCAGC
CTTGGAGAGGTTATAGTTTTACCTGAGT
ACCATCTAGATCTTAACGTTTATACCAAA
GAAGAAGAGTTTTTTGCTACATTTGCTCA
AGCCTTTAATGACGCTATGAGTGATTTG
ACGCTCTCTGAACCCGGATACTTGAACA
TGAGACACCTTAGTCATAGAACAGTCTT
AAAACTAAATAGTTTGTGTGTGGATAACT
CGTATTCTCGAGTAATGGAAAACAAGTA
TATTTTGAAGTTGTTCAACTACTTGAAAG
CATTCTCTCGAGTACTGTACATCGAACA
AAACACTTCTGATATAGTTTCAAGAGGA
AAGAACAGCTCGTACTTCGATTTACTAG
TGTTCAACAGATCTGAGTTAATGGGAAA
GCTTTTGTTCGAAAGAAATTTGGATCCA
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AGTGAATTTGAAAAGTATTTCGAGAAATT
AAAGCTAGATTATTTATACCACGTAGTAG
GCAACTGTTTTCCAACCATCAATCTTCAC
ATTGAAGAAAATGTTGCAAAAGACGAAT
TATATCCAGAAAACAATCTATATGTTCCC
AATAAAAGTATAATAACTTATATTCAAAA
AAGAAATTGGCTGCTAGCTTATATTTTAA
ATAAAATGTATATGGTAGAGGGAGTTAG
TATCGACATTAGCGAAATTAGAGTTAGA
GTGTTCATGAACTACCTTGGGCTCAGAA
AAGTGCAAGTTCTACAGCGAGTTTATAA
CGAAAATACTATTATTACTGCTTTGCAAA
ACGAAATAAGTATCCAGAAGGTTTCTGA
TTATATCAACGATCGGATATTGTTACACG
AAAGATCAAGTAATCTACATCTCAGTCA
CAATTCGAGCGATAGCTTAGAAGCTGCT
GAAGAGCTCGGAGAAGATACCTTGGGA
TACATCAATTGGAAGAGCGTCTATGATC
TGGTAGCTTGTATTCCTGAAGACCAATG
CCGGAAGAACCGCGTCTGCTTAAGCAT
GACTGATATGGTGTTGGTCAGTCTTATT
CAAGATGGTGTAGAACCAGACTATTACA
GATATGTCCTCTTGATAGGCAATAGAGA
TATGCGGATAAGTATGATTTTGGACCAT
ATAAAGGAATGGCCCGGTGATTTTTGCT
TGGATTGTATTAAGTCTGAAATAACGAG
ATTTGATGGAATGCAAGATGGCAGGATC
GTAGAACTTAAAATTTGGCTGCTACATAT
TACTTTATGTGAAACGCTTAAATATAAAT
TGGATGTTACCTCATGGTATGCTGCATA
TAAGATGTGTGAAAATAACAAAGAAAAT
GTAATTGCGAAGCTTCTAGAGTTTGCTG
ATATAAATCTTCTCTTAGATTTTATTGATT
TACACACACCAAACGAAGGACTGTTGGA
GCTAGTCAACGAACACTACCTTGCTAAA
ATCTTTGAACAGTCCACACCTTTTGATC
GCGTAAAGGTCTTACTGGACCTACTACC
ATTCAAACACAGCGTAAGAATGTGTTAT
AATGCAATCAAAATGCTTAGAGACTTGA
AATACCTGAACTTCATCGTAGAATATCTG
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CTGAATAACGTTAGCGATGAGAGTTTAA
GAAATGTTCAAATTAGTCTAAAGATGCT
GTCGATATTTTCTCCATTTGAACAAGATC
AGTTGCTGTGTCTCCTCTACGAACCACT
GAGTATTATAGAAATTTTGATTATGAATA
CCAAATTGGACAAATTAGCTTCAGTTTTG
AACATAGTTAAGTTAGAAATATCTCAAAG
CGAGTTTGACACAGCAGTTATATCTATC
AAAGAAATAGACGAGTTATTACGAACTT
ATGGAGAAAAAACTCTTGACTTCCGAAT
AATTACTCAGCCAAACCCTCGACTGTTA
CGAACACCTGAATTTAAGCTCATGCAGT
CGTTAGATTCGTTGAATTTGGGGCCCTA
CAATAAAAATTTCGTAATGCCCGATGAA
GTTCCCATCAAAGATGATTGGATACCTA
ATAATGAAGTTCTGGAGTGTATGTGTTG
TCAGAAGATCGTGTTTTCCATGTTCAATC
GAAGACATCACTGTAGGAGATGTGGTAG
AGTTATTTGCTATAACTGCTCGTTGCATA
GAATGTTGGTTCCAACCTATGATGACAT
TTTAGTCCGCGTTTGTTTGGACTGTTAC
AGACAAACTGTAGGAGAGAGCGAAACAT
CAGAACTAAATGATTCACTTTCACTCAAA
TCGGCAGTATATGATTTTTGGATTTTAAC
AGATGACGATGCACATAACACAATAGTC
AGAGAAGAATTTTCTTACGAACACGCTC
CTAACGTGTCACTGTGCTTGTCCCTTAT
GAAATACCATTCGAAGACAACCGAATAC
CCTAAGTAAGTATT (4,468) 

MSTRG.34302.1 (1) 
Endonuclease-reverse 
transcriptase [Lasius 
niger](57%;51%) 
 
(1) 
Asialoglycoprotein receptor 
2 [Leptinotarsa 
decemlineata] 
(98%;93%)/C-type lectin 

Lower (1) 
No hit 
 
(2) 
C-type lectin-
like/link domain 
superfamily 
(IPR016186)/C-
type lectin fold 
superfamily 
(IPR016187)/C-

(1)788-1096 
MDDIKRISKKWQQYAQDR
GEVKNGRDLCPAVDRRG
CMMMMMMMIEKARSVFI
KMESLFSSHDLPLGAKMS
IIRCYVFSTLLYGIQAWTLS
EGYFRKLDSFEM* (103) 
 
(1)3526-3281 
TTQRDQNDWSETGGIGK
PQPDNREVIQQGGAQEN

TGGATTTATAAATAATTTAATAGCGTAAA
TTTAATAATAAATACTTAATCCTACAACG
TAAATTTAATATTATTAATAATTATGTATA
TTATTGTTGCACAAAATATTTTGAACTTT
CTTTTACATTGTACCAGCTTTATTTTACA
TTCCCAGTGAAAGCTTAAACAATTTTTTA
TATTTTGTACTTTTTAGCTATTTTTTGTTT
GAATTTTTTTTCTTTGGCAATTTTTTTCTT
TTGTGTGAGGACATGCTGTGAATTCATT
CTTACAAGAGGAGTTAAATGACCAAAAA
GAATCTATTACAATCAATGATTATAGATC
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precursor [Tribolium 
castaneum](98%;90%) 

type lectin 
conserved site 
(IPR018378) 

CLAILNQFYNDGVNWHDV
ACHHVKPWVCEENEDLLK
YVRYTNPNLLI* 
(82) 
 
 
 
 
 
 
 

TGCTTAATAGCAGATGCATAAAGTGGTT
ATAGGAGTGAGACAAGGATGCATTCTGT
CCCCGGTGGTATTTAATATGTACTGTGA
ACATATCTTCCAGCAAGCACTGGAAGAA
CTACAGGAAGGAGTAGTCAATCGAGTG
CGTCTAAACAACATTATGTATGCCGACG
ACGCAGTTGGTTTTGCAGTTGGCTTAGA
TGATTTGCAAAGAATATCATCGCTCATAT
CATAAGTAGAGAACATGGACTTGATCTC
AATCCGAAAAAATAAAGTAGATGATAATC
AGTAAGCGCGAAATATTAAATACAGAGC
TTTTGATTAACCAACAACCAATTGACAG
GGTAAACAGTTACATTTAATTACCTTTGT
ACCAGCCAATGGGACTACTCTACTGAAA
TAAAACAACGCATTGAAAAGGCTGGCGC
TCAAGAGAAGACAAATGCAGCAGAGGA
CGACCACCAACACGCGGGATGGACGAC
ATTAAACGGATATCCAAGAAATGGCAAC
AATACGCACAGGACCGTGGAGAGGTGA
AAAATGGGAGAGACCTATGTCCAGCAGT
CGACAGAAGAGGTTGCATGATGATGATG
ATGATGATGATCGAAAAGGCAAGATCAG
TGTTCATAAAGATGGAGTCTCTTTTCAGT
AGTCACGATTTACCACTAGGTGCCAAAA
TGTCTATCATCAGATGCTATGTATTTTCT
ACGTTATTATACGGAATACAGGCCTGGA
CACTTTCTGAAGGTTATTTCAGAAAGCT
CGATTCCTTCGAAATGTGATGTTGCAGA
TGCAGATGTATCTTGAGAATTTCATGGA
TGGATCGGAAGACTAATTTTGAGGTCTT
ACGTAGAATAGGCAAAGAAAGAGAGATT
ATTAACACAATCAAAGAGCTTAAACATAT
CTTGAAGGCATATGAATAGACATATGGC
TTGTTGCAACTGATTCTTCAGGGCTAGG
ATAGGCACCGTATGACAAAGACCAGGC
ATAATAATAATAAAAATGCTTGGTGTGTT
TTGGAATGGTCGTAGAAGTAAATATCAT
ATCTCCACCAGATACAGATAGATTTACA
GTTTATGTGTATAGTGTATAATGACATTT
ATACCTACACGAAAGAAAAAATTTTAACC
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TATCTGCCGATTTTTAATAATTTTCAAGA
TTTTTTTCGATATGAGTACAAATTTTATG
ATTTTTTCGCTTTATACAGAACTATACTC
TAATATCGAATAAATAAAACGTTAAAATT
ATATTTCTAAATAATACGAAGATAAAACT
CCGACTGTGTTTCTTATAATAACTATCTG
TACATATTTTTTTCAAATTAAGTCAGTTTT
CTGACATAAAAATTTACAAAACAGACTG
CATACTTCCATCACAGTATAATGCTAACA
AATCAATAGGGTCACTCCGCGAAAATCC
TTTGTTTTCTATATTCCATTTTGGTGACG
GCGAATCAGAATTTTAATTTGCAAAGATT
GCAAAATTGGAACCGTCAAAATTTGAGA
GTGAACTAACTAATTCTGTAGCACTAAA
CTGTGTCCTGGGTCTACACAGGGTGTTT
CATTAATAATTGTCTATGTAGTAACTGGA
GAAACCTTAGCACAAAATACGAAGATTT
AACCTAAAACACTTAAATAAAATGTGGTT
CCTTACTGAGTTACAGGGTGTTTTTTCTA
AAAATTTAAAAACTATTTTTGCTCAGCAT
TTTAAAACTATTCGACATATCCTTTTCAT
ACTTGGCAGAAAGTGCGAGTACTAGACA
CCCTACTAAATTTTAATAAACAAACGTTT
CTAGCTACTACCAGAGGCGTACGACAG
GGGATGGTGATTGGTTGACTCTTCTCAA
ATTCTACGCCACTGGAGAAATTACTATTT
TAGTGCCATTTTTAGATTCTCCAATACTT
TCTACGTAAATTCATTTCTACGTAAAATT
TCTACGTACTTCATTGGTAACGGTAAAAT
CATTATTTTTCGAGATATTTGAAGTTAAA
TATGAAACGGCACAGTTATTTTGATTAAT
TTATGATATGATTCATATTATGATTAAAAT
TTAAAAATTATTTGTACCCAGTACTTTAA
AACTATTTGGCATATTCTTATCATACTTG
GCAGAAAGTGTAGGTACTGTACACCCTA
CTAAATTAAGATAAATAAACGTTTCTAGC
TACTACCAGAGGCGTACGACAGGGGAT
GGTGATTGGTTGACTCTTCTCAAATTCTA
CGCCACTGGAGAAATTACTATTTTAGTG
CCATTTTTAGATTCTCCAATACTTTCTAC
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GTAAATTCATTTCTACGTAAAATTTCTAC
GTACTTCATTGGTAACGGGTCCCTCCGG
TGAGTACCGATCCCACAAGGACAGAAAC
TATTTTTCATTTATTAATTTATAATAAATG
AAAAATTTCTGCCCCTGGTAGGATTCGA
ACTCCCGACAAATTGCTATCTTGGTGTA
ATTTTTTTTTTTTTTTTTTGATTTTGCAAT
ATTTTTTATATAAATAATATACTGTTCATT
CGTATCGATAAAATTATTAGTTTTCGAGA
TATTTGAAATTAAAAATGAAGCGACACAA
TACGTTAATCAAAATAACCGTGTCGTTTC
ATTTTTAACTTCAAAGATCTCGAAAACTA
ATGACTATCGTTACCAATGAACAGTATAT
AATTTTCATAGAAAGTATTGGAGAATCC
GAAAATTGAACTAAAATAGTAATTTCGCC
AGTGTCGTCGAATTTGGAAAGAGTCAAC
CATTCACTTCCCCCGTCGTACGCCTCTG
GTAATAGCCAGAAACGTTTGTTTAACATA
ATTTAGTAGTTTGTACAGTACATATACTT
CCTGCCAAGTACAAAAAGGATACGTCGA
ATAGTTTTAAAATACTGAGCAAAAAAAGG
TTTCTCCAGTTATTATATGGACAATTATT
AATTAAATACCCTGTATAGTATACGTCAT
TATTCAGTCACGAGCTATCTACAATTTTA
AATTAACAAATTTGGGTTGGTGTACCTAA
CGTATTTAAGAAGATCTTCATTTTCCTCA
CACACCCAAGGCTTCACGTGGTGACAT
GCAACATCGTGCCAGTTAACTCCGTCGT
TGTAAAATTGATTCAAGATGGCAAGACA
GTTTTCTTGTGCTCCTCCTTGCTGGATG
ACTTCTCTGTTGTCTGGTTGTGGCTTGC
CGATGCCTCCGGTTTCGGACCAATCATT
CTGGTCTCTTTGAGTTGTT (3,527) 

MSTRG.19533.2 (1) 
Glutamine-fructose-6-
phosphate 
aminotransferase 2 
[Anoplophora 
glabripennis](97%;90%)/ 
Glutamine-fructose-6-

Higher (1) 
Nucleophile 
aminohydrolas
es N-terminal 
superfamily 
(IPR029055)/Gl
utamine 

(1)96-1988 
MCGIFGYLNYLTPKKREEI
LELLVNGIKRMEYRGYDS
AGVAVDSPETKDIFIIKKTG
KVALLAEEIKNKSDVLDMQ
KSMDIHCGIAHTRWATHG
VPSEVNSHPQRSDVENG

AAAACGTAAACAGCGAAAATCTTGTTTA
GTTTGACTTTTAAATAGGTTGAGGAGGT
TTCTTTGATATTGTAACTAAGGTGTAAAG
CGTGTTAACAATGTGCGGAATTTTCGGT
TATTTAAACTACTTGACCCCCAAGAAGA
GGGAAGAAATTTTAGAATTATTGGTAAAT
GGTATCAAACGAATGGAATACCGGGGAT
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phosphate 
aminotransferase 2 
[Leptinotarsa 
decemlineata](97%;89%) 

amidotransfera
se type 2 
domain 
(IPR017932)/S
ugar isomerase 
(SIS) domain 
(IPR001347)/Gl
mS/AgaS SIS 
domain 1 
(IPR035466)/Gl
mS/FrlB SIS 
domain 2 
(IPR035490) 
 
GO:1901135 
carbohydrate 
derivative 
metabolic 
process 
GO:0097367 
carbohydrate 
derivative 
binding 

FVVVHNGIITNYKEVKVFL
EKKGHKFESDTDTEIIAKLI
YHFYKLHPTYSFRELVEN
VVQQLEGAFALCFKSKFF
PGECVATRRGSPLLVGIK
TATRLATDHVPILYGKEDP
SSPTQKEFRPHGRGEYPT
LPRTGSTSEFEPLEDKQV
EYFFASDASAIIEHTNRVIY
FEDDDVAAVKNGSLSIHRI
RRAGDDPQKREITTLKME
LQQIMKGNYDFFMQKEIF
EQPESVINTMRGRVNFEN
GTVTLGGIKDYIPEVKRCR
RLMLIGCGTSYHSAIATRQ
LLEELTELPVMVELASDFL
DRTTPVFRDDVCFFISQS
GETADTLMALRYCKQRGA
LIVGITNTVGSSICRESHC
GVHINAGPEIGVASTKAYT
SQFISLVMFALVMSEDRLS
LRQRREEIIDGLRNLQSQI
REVLKLDDKVKRLAEDLY
KKKSLLIMGRGFNFATCLE
GALKVKELTYMHSEGIMA
GELKHGPLALVDETMPVM
MIMMRDHVYTKCMNALQ
QVRTMCTYGICIINYFAEN
S (632) 

ATGACTCAGCTGGTGTAGCTGTCGACTC
CCCCGAAACCAAGGATATCTTCATAATT
AAAAAAACCGGCAAGGTCGCTCTGCTC
GCCGAAGAAATAAAAAATAAAAGTGATG
TCTTAGACATGCAAAAGTCGATGGACAT
CCATTGCGGTATTGCTCACACCCGTTGG
GCCACTCATGGTGTCCCCAGTGAGGTA
AACAGCCATCCACAAAGATCAGATGTCG
AAAATGGGTTCGTAGTCGTCCACAATGG
TATCATCACGAACTACAAAGAAGTCAAG
GTTTTCCTTGAGAAGAAAGGACACAAAT
TCGAGAGTGACACTGATACCGAGATAAT
CGCAAAATTGATTTATCATTTTTACAAGC
TGCATCCTACTTATTCGTTTAGAGAACTC
GTGGAGAACGTTGTGCAGCAGTTGGAA
GGCGCTTTCGCTCTTTGTTTCAAATCAA
AGTTCTTTCCCGGAGAATGCGTGGCTAC
AAGAAGAGGTTCTCCTCTTCTAGTTGGC
ATCAAAACCGCCACTCGTTTAGCCACCG
ACCATGTACCTATTTTATACGGAAAAGAA
GATCCATCGTCACCAACTCAGAAAGAAT
TCAGGCCTCATGGACGAGGAGAATACC
CTACGTTACCAAGAACAGGGTCAACATC
CGAATTCGAACCTCTTGAAGACAAACAA
GTCGAATATTTCTTTGCTTCAGATGCTTC
CGCAATTATTGAGCATACCAACAGGGTG
ATTTATTTTGAAGATGACGATGTGGCAG
CTGTTAAAAACGGTTCCCTTAGCATCCA
CAGAATCCGAAGAGCGGGAGATGATCC
ACAAAAACGAGAAATTACCACTTTAAAG
ATGGAGTTGCAACAGATAATGAAAGGAA
ATTATGATTTCTTCATGCAGAAAGAAATT
TTTGAACAACCCGAATCTGTCATCAACA
CTATGAGAGGACGTGTAAACTTTGAAAA
CGGGACTGTAACTCTGGGTGGAATAAAA
GACTACATTCCAGAAGTAAAAAGATGTA
GAAGACTAATGTTGATCGGTTGCGGAAC
CAGTTACCACAGTGCCATCGCCACAAG
GCAGTTGCTGGAAGAATTGACTGAATTA
CCCGTCATGGTGGAATTGGCGAGTGAC
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TTTTTAGATCGTACCACACCTGTGTTCA
GAGATGACGTTTGCTTCTTTATTTCACAA
TCTGGGGAAACGGCAGATACACTCATG
GCCTTGAGATACTGTAAACAAAGAGGTG
CCTTAATTGTCGGTATTACCAACACTGT
CGGTAGTTCCATTTGCAGAGAATCACAC
TGCGGTGTCCACATTAATGCAGGACCC
GAAATCGGTGTGGCTTCCACTAAAGCAT
ACACAAGTCAGTTTATTTCATTGGTTATG
TTCGCACTAGTCATGAGCGAAGATAGAT
TATCTCTTAGACAAAGAAGAGAAGAGAT
AATCGATGGCTTAAGAAATTTGCAGAGT
CAAATCCGTGAAGTACTTAAATTGGACG
ACAAAGTGAAAAGACTCGCTGAAGACTT
GTACAAAAAGAAATCTCTGCTTATTATGG
GTCGTGGATTTAACTTCGCTACTTGTCT
GGAGGGAGCTTTGAAAGTAAAAGAATTA
ACTTACATGCACAGTGAGGGTATTATGG
CCGGCGAATTGAAGCATGGACCTCTGG
CTCTTGTCGATGAAACCATGCCCGTAAT
GATGATCATGATGAGAGATCATGTTTAT
ACTAAATGCATGAATGCTCTGCAACAGG
TAAGAACAATGTGTACTTACGGTATATGT
ATAATAAATTATTTTGCGGAAAACTCTT 
(1,989) 

MSTRG.20345.1 (1) 
Tetraspanin-2A 
[Anoplophora glabripennis] 
(99%;70%)/PREDICTED:C
D9 antigen [Tribolium 
castaneum](99%;70%) 

Higher (1) 
Tetraspanin/Pe
ripherin family 
(IPR018499)/T
etraspanin 
family 
(IPR000301) 
 
GO:0016021 
integral 
component of 
membrane 

(1)2-382 
ALGAAIFALCLWLRFEEGI
QEWLQKLDSEQFYIGVYV
LIVASLIVMIVSFIGCISALQ
ESTMALLVYIGTQVLSFIF
GLSGSAVLLDNSARDSHF
QPRIRESMRRLIMNAHHD
QSRQTLAMIQENVS (128) 
 

GGCTCTCGGTGCAGCAATCTTCGCTCTT
TGCCTTTGGCTACGATTCGAGGAGGGC
ATTCAAGAATGGCTCCAGAAATTGGATT
CAGAACAATTTTACATCGGAGTATATGTA
CTTATAGTCGCTTCACTGATCGTCATGA
TTGTGTCCTTTATAGGATGTATTAGTGCC
CTGCAGGAGAGTACCATGGCCCTTTTAG
TGTACATCGGCACCCAAGTGCTCAGTTT
TATATTCGGTTTATCCGGTTCGGCGGTT
CTTCTGGATAACAGCGCCAGAGATTCCC
ACTTCCAACCGAGGATCCGAGAGAGTAT
GCGACGTCTTATCATGAATGCTCATCAC
GACCAATCCAGACAAACACTAGCCATGA
TTCAGGAAAATGTAAGT (382) 



 

 

2
60

 

MSTRG.26837.1 (1) 
Myrosinase 1-like 
[Leptinotarsa 
decemlineata](99%;60%)/ 
glycoside hydrolase family 
1 [Phyllotreta striolata] 
(99%;55%) 

Higher (1) 
Glycoside 
hydrolase 
superfamily 
(IPR017853)/Gl
ycoside 
hydrolase 
family 1 
(IPR001360)/Gl
ycoside 
hydrolase 
family 1 active 
site 
(IPR018120) 
 
GO:0005975 
carbohydrate 
metabolic 
process 
GO:0004553 
hydrolase 
activity 
hydrolyzing O-
glycosyl 
compounds 

(1)288-1478 
MGLTHYRFSISWSRLLPT
GFISPVNLIAISYYQDLIRE
LEKYKIEPVVTIYHWDLPQ
MLQELGGWENSKIVDYFV
DYADLVFASFPSVKHWITF
NEPKQVCRSGYGKGNMA
PGIARSGTADYMCSYHVI
KAHAAAYHKYQDRYKSLG
GKITMALDGVWSIPYWDN
EEDRQAAERQLNFEFGLY
AHPIFFGDWPQVVKDRVN
YRSKMENYPESRLPEFTA
EEMKYINRTADYVAFNFY
NTKLIKDIDEASFDITSFDN
DLRVKDDVDPRWTIAMDG
NTIYPQGLRSYLKWISENY
NSPEIIITENGIADNGTSLE
DSERISYLSDYLNAVLDSI
YEDKVNVTGYTMWSLLD
NFEWTSGYSMRFGFYSV
DFEDSNRTRAAKTSVDYY
SQIIKNRKIPE* (397) 
 
 
 
 

AATGGACGATGTACTGTGGACTAAGTAT
TTTCAACGAAGATTAAAATAATGTTTTTT
TACATTCTAGCTTTGCTGACAATGACAG
AACTTTTCCTGAAACATTTTCATTTGGAG
CGGCAACAGCTGCGTTCCAAATAGAAG
GAGCGTGGAACGAAAATGGGAAAGGAG
AAAGCATCTGGGATCGTTTCATTCATAC
AAATCAATCAAGAGTCGTAGATGGTAGT
AACGCAGATATTGCATGTGACTCGTATC
ATAAATATACAGAAGATGTGGCTTTGGC
TGCGAAAATGGGTTTGACACATTACAGA
TTTTCCATTTCTTGGTCAAGATTATTGCC
AACTGGTTTCATATCTCCAGTAAATCTCA
TAGCCATATCTTACTACCAAGATTTGATC
CGTGAGCTCGAAAAGTATAAAATAGAAC
CTGTAGTGACGATTTACCACTGGGATTT
GCCTCAAATGCTACAGGAACTAGGTGGT
TGGGAAAATTCAAAAATCGTCGATTACTT
CGTTGATTATGCAGATTTGGTATTTGCAA
GTTTTCCATCTGTTAAACATTGGATTACA
TTTAATGAACCTAAACAGGTGTGTCGAA
GTGGATATGGTAAAGGTAACATGGCTCC
TGGTATAGCACGAAGTGGAACAGCTGA
CTACATGTGCAGCTATCACGTCATTAAA
GCACATGCCGCTGCATATCACAAATATC
AAGACCGCTATAAATCTCTTGGAGGAAA
AATTACTATGGCTCTAGATGGCGTTTGG
AGTATACCGTATTGGGATAATGAAGAAG
ATCGACAAGCCGCAGAGCGCCAGCTAA
ATTTTGAGTTTGGATTATATGCTCATCCA
ATCTTCTTTGGCGACTGGCCGCAAGTGG
TAAAGGACAGAGTTAATTATCGTAGCAA
AATGGAGAACTATCCTGAATCTCGTTTA
CCAGAGTTTACAGCCGAAGAAATGAAGT
ACATTAATAGAACTGCTGACTATGTTGCT
TTTAATTTTTACAATACAAAGTTAATTAAA
GATATAGATGAAGCTTCTTTTGATATTAC
CTCTTTTGATAACGACTTAAGAGTAAAAG
ATGATGTGGATCCTCGTTGGACTATTGC
GATGGACGGTAATACAATATATCCCCAA
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GGGTTAAGATCATACCTGAAATGGATCT
CAGAAAATTACAACAGTCCCGAAATTAT
AATTACTGAAAATGGCATAGCTGATAAT
GGTACTAGCCTAGAAGATAGTGAAAGAA
TATCATATTTATCGGACTACCTAAATGCT
GTTTTGGATTCTATTTATGAAGATAAAGT
TAATGTTACTGGTTACACAATGTGGAGT
TTACTGGATAATTTTGAATGGACTTCAG
GATACAGCATGCGTTTTGGATTTTACTCT
GTAGATTTTGAAGACAGCAACCGCACAA
GAGCAGCGAAAACATCTGTAGATTATTA
CAGTCAAATAATTAAAAATAGGAAAATTC
CCGAATAGAAAAAATCAAATTTGAATCA
GAGCTATTAATAGCTCTGTTAAGAGTAC
ATGGCTTTTATTGTATGGTATTCTACAGT
TCGTACAATATAGATACCGTTCCACGTC
ATCCGCGTAATGGCACGTGACGTCACAT
GATGCCAACACGAAATATTTAAGTCGTA
GGTGTGTTCCTTTTTGGAATCGTTTAGG
TGAGTACACTGGAATTACAGCCACAAGA
CATATTTCATTATATACGCATAGAAATAA
TATTGGAAGATTTCTATTAATGTAACTTG
TAATTAGTTGTAATTTGTTTCATTTAATTT
GTATAAGTGGAATACAAAGCGTTTTATAA
AGCACACTTGTTCGGATTACACTCTAAC
TGCGATCGAACAGAGGTGACATGTTGG
CACAAATTGGTAACATGTATTTTACAGTG
GCGATATTGACACTTCAGATGTGTTTTTA
TTCTAGGCTATAAGTATTTGTTTTATTAT
ATTTATTGTTTTTATTATTAACTTTAACGT
AAGATTATAATTTAATTCTTGTTTTCTATT
TTCAATGTTTTTATTTATTTACATTGAATA
TTAATTTGTTATGTTGTATAATCCACTTC
GCAACAATTAGGAATGTGATATATTTTAT
TTAAAATGAATTCAAGAATTTTTTGTAATT
GGGCAACAATGTTAATTTAGATCTCTGA
CCTAGATAATGACGTGCAACGGTATTTA
TATTGTACGGACTGTATTGATGTAAGTAT
TAATCTATTAGAAAACATTGTAACTTTTG
TATTCTTTAATTAAAATTTATAGAGCACA
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CACTATTACACCAATTGTTGATTTTATAT
GTATTTTTTATTTCCTTGTTAGAAGGTCT
TACATGTTTAACATTCTTACTACTTTCTG
GCAGATCTTCTTTTACCAGAAGCTCATC
TATTGCTTGTGCAATTGAATTTGCATCCA
AAGCTTTCAGCTCAGCACATCCGAGGAA
TACTTCGTCGACTCCGTTAGATTTATTAT
CAAATTATCGCAACCCAACGGATAGTTG
TTCAGTACAAACGATATATAGACCTGGA
TCCCGCGTATGAAAA (2,547) 

MSTRG.79630.1 (1) 
Craniofacial development 
protein 2-like [Lasius niger] 
(97%;58%) 
 
(2) 
endonuclease-reverse 
transcriptase [Lasius 
niger](76%;49%) 
 
(3) 
Endonuclease-reverse 
transcriptase [Lasius niger] 
(97%;44%) 
 
(4) 
Voltage-dependent L-type 
calcium channel subunit 
alpha-1C-like [Centruroides 
sculpturatus](52%;68%)/en
donuclease reverse 
transcriptase [Lasius niger] 
(52%;68%) 

Higher (1) 
Endonuclease/
exonuclease/ph
osphatase 
superfamily 
(IPR036691)/ 
SWR1-complex 
protein 
5/Craniofacial 
development 
protein family 
(IPR027124) 
 
(2) 
Reverse 
transcriptase 
domain 
(IPR000477) 
 
(3) 
Reverse 
transcriptase 
domain 
(IPR000477) 
 
(4) 
No hit 
 

(1)668-1042 
MGDFNAKIGKGKCYPNVE
PYGLGERNDRGDRLIEFC
QEHNVIAANTFFKLPKRRL
YTWKSPADKDNKIVRNQI
DYILIKHRYRNPIQAVKAY
PEADVSSDHSLSIARFQL
QLKNTQKSRNDDKL* 
(125) 
 
(2)1571-1927 
MKTNKFNNFRALVQLLLKI
IHAKIHSKLELDNISDTQFG
FRNVMGTREALIPFNVPR
QRCLDVNRPLYICFIDYNK
AFDKVKHERLMEILKTKNL
DERDLRLKTPLLHSASNS
KNYER* (119) 
 
(3)1917-2192 
MKDETVGIRLNRVLVDNIR
YADDTVIIADSLQDLQRLM
SKKVKCSREYGLALNIQKT
NFMKISKNNHKNNEILIIQD
HQIERVKKYTYLGR* (92) 
 
 
(4)2315-2473 
MLGIQCTLLWSGIMDVKC
RDNETTKAFEMWTYRRIM

CCAGTCGTTAATATCCCAATCGACATGT
TGTGGTGTAAAACTTAAACGTGCTATAT
GGTGTGCACTCGTCAACAGTACAGCAGT
AGCAGGCATTCTGGCTCTGACTCAAATT
TCCCTTAATCTGTTTCTAACCAAATTGGC
ACTCATTCGAACATTACGGGCTGTGGAA
AGATCATTTCGCAGTTTTCTAGCTGTAAA
TGCCCTTCATCTGGGGTGTTCGTGCACC
TAGGAAGTCCTGGAACTGGTCGTCTTGT
GTATTCTCCACTTACTTTATACCTTCTTA
AAGCACTTGAAGGGAAACTGAGGAATAT
ACAGCAAGAGATGATGCGACTAGTTATC
GATATATTAGGAATAAGCGATAAAAGAT
GGGTCAGCTATGGCAAACTCAATACAGG
CAATGGACGAATCTATTACTCTGGAAGC
AGCTACACCCAACACAGATATGGAGTTG
CTATGATCCTCAGTGAAAAAATAACAGT
GTCCGAAAGACACTGTTACGATGTCCGA
AAGAATTATAATGTTGCAGTTATTGACAA
CCCATGGAAAAATAAACCTAATCCAGAT
TTATGCGCCAAATGCTGACAAAAATTAA
GAATAAATAGAAAACTTTTATAGCGAACT
TCAAAAAACATAACACCTCACAGCATCT
AGAGAAATAATAGTGATCATGGGTGATT
TCAATGCAAAAATTGGCAAAGGAAAATG
CTACCCTAATGTAGAACCATATGGGCTT
GGCGAACGAAACGACAGAGGGGATCGA
CTAATAGAATTTTGCCAGGAGCATAATG
TTATAGCCGCAAATACATTCTTTAAATTA
CCTAAGCGACGCCTTTATACATGGAAAT
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KVFWVDRVTNNEALRRI 
(54) 
 
 

CGCCAGCTGACAAAGACAACAAAATCGT
CAGAAATCAAATTGACTACATCCTAATAA
AGCACAGATATCGAAACCCAATTCAAGC
AGTAAAGGCATATCCAGAAGCAGACGTA
TCTTCTGATCACAGTCTCTCTATTGCTAG
GTTTCAACTTCAACTAAAAAATACGCAAA
AAAGCCGCAACGACGATAAACTTTAACA
TACAAAAACTAAAGTCAGAAGAAACGAA
AGAAAATCTAAAACACGAAATCATCACA
AATCTAGACAGAAACCCAGGAAATAATT
GCAACGTAGAACAGCAGTGGCAATTCTT
CAAAACCTCTATATTAGAGCCAAGTAAG
AAAGTACTTATAACAGCCAAATGTAAGA
AAGAAGAATGGATGACGGAGGAAATTCT
AGAGTTGATGAATGAAAGAAGAAAAACC
AAAACCATCAATAAGACCCGCTATAAAC
AGCTTTAAAACCAAATAAGAAGAAAAATT
AGGGAGGCTAAAAAACCTACTTCTCAGA
AAAATGTAAAGAAATAGAAGAACTGCAA
AACAGATACGACAACTTCAACCTACATA
AAAAAGTCAAAGAACTAGCCCGAATAGG
AAATAGAAGAACCTTAAATATATTGCTCG
ACAAAAATGGAAAGAGTACATCGAGGAA
CTATTTCATGACCAGAGAGAAGCTAATA
CATCCGTAGATAGCCAACAAATGAGAGG
TTAGTCAGGCAATAGACTCTATGAAAAC
CAATAAATTCAATAATTTCAGAGCTCTTG
TGCAATTACTACTAAAAATTATCCACGCC
AAAATACACTCTAAACTGGAGCTAGATA
ATATTAGTGACACTCAATTTGGGTTCCG
CAACGTTATGGGTACCAGAGAGGCATTA
ATCCCCTTCAACGTGCCGAGACAGAGAT
GTTTGGATGTTAACCGTCCTCTTTACATC
TGTTTCATAGACTACAATAAAGCGTTTGA
TAAAGTAAAACATGAGCGACTCATGGAA
ATTCTGAAAACTAAAAACCTAGATGAAA
GAGATTTAAGACTAAAAACACCTCTATTA
CATTCAGCAAGCAATAGTAAGAATTATG
AAAGATGAAACAGTCGGCATAAGATTAA
ATAGAGTCTTAGTTGACAACATCAGATAT
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GCAGATGATACGGTAATAATAGCCGATA
GTTTACAAGACCTGCAAAGACTCATGAG
TAAAAAAGTAAAGTGTAGTAGGGAGTAC
GGACTCGCTCTCAATATCCAAAAGACGA
ATTTTATGAAAATTAGTAAAAACAACCAT
AAAAATAATGAAATTTTGATAATACAGGA
CCACCAGATCGAAAGAGTAAAAAAGTAC
ACTTATCTAGGAAGATAAGATAATGACTA
CACTGCAGAAATCAAAGTCAGATTGGAA
AAAGCACGTTCTAATTTTATGAAAATGAA
AAAGGTTCTATGTAGCATAGATTTAACAT
TAGCTCTTAAAGTACGCCTAACAAAATG
TTAGGTATACAGTGTACTCTACTATGGA
GTGGAATCATGGACGTTAAATGTAGAGA
CAATGAGACGACTAAAGCCTTTGAAATG
TGGACCTATAGAAGAATTATGAAGGTGT
TCTGGGTAGATAGAGTTACGAACAACGA
AGCACTGAGAAGAATA (2,473) 

MSTRG.91250.2 (1) 
Protein Skeletor, isoform 
B/C [Anoplophora 
glabripennis] (95%;80%) 

Higher (1) 
DM13 domain 
(IPR019545) 

(1)178-507 
MRSVEVLAIIGLVSSIHSGL
CAKPIEPYYGRKIGNLVEF
AHGIKGTAYAVDESTIFIK
GFYYDGTGPDAFFWIGNS
PRPSPEGTIIPYPEDYNGR
DPPVLRAYNNTDIIL (111) 
 

TTCCAGAGCAGATAAGAGAGGATTCCCA
CCGGACGTTGGAAAAAGTCGAATCATAA
ACACACCTAAAATTTCATTCGTTGTTCGT
GTGTGTTATAAGATTGACCAAAAACCAA
TATTGAAGTTGAAGACAAGTAACTAGTT
GAGCTAAGTGATCGTCTACACCGTTTTA
ATGCCACGATGAGAAGTGTTGAGGTCCT
TGCCATTATTGGATTGGTGTCTTCAATTC
ACTCTGGATTATGTGCCAAACCCATAGA
ACCTTACTACGGAAGAAAAATAGGAAAC
TTAGTCGAATTCGCCCACGGTATAAAAG
GGACTGCATACGCGGTAGATGAGAGTA
CGATATTCATCAAAGGATTTTATTATGAC
GGTACTGGTCCAGACGCTTTCTTCTGGA
TCGGCAATTCTCCAAGGCCTAGTCCAGA
GGGAACAATCATACCATATCCGGAAGAC
TACAATGGCAGGGATCCACCGGTATTAC
GGGCTTACAACAACACTGACATAATCCT
C (507) 

MSTRG.35370.1 (1) 
Zinc finger CCHC domain-
containing protein 4 

Lower (1) 
Zinc finger, 
CTCHY-type 

(1)109-1458 
MTKGGVQVIEKDIRNHPC
CPHGPTILFSRKIEDETRR

GTTATGTGTGTTTTGTTTTTAGGTTAGCT
GCCATCATGTTCTGAAAGGAATATTTTAA
ATTTTAACAAATAATTGTAACTATCATTAT
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[Leptinotarsa decemlineata] 
(94%;63%)/ Zinc finger 
CCHC domain-containing 
protein 4 [Anoplophora 
glabripennis] (95%;60%) 

superfamily 
(IPR037275)/Zi
nc finger GRF-
type domain 
(IPR010666)/Zi
nc finger 
CTCHY-type 
domain 
(IPR017921)/Zi
nc finger 
CCHC-type 
domain 
(IPR001878)/D
NA methylase, 
N-6 adenine-
specific 
conserved site 
(IPR002052) 
 
GO:0032259 
methylation 
GO:0003676 
nucleic acid 
binding 
GO:0008168 
methyltransfera
se activity 
GO:0008270 
zinc ion binding 

YFACSACRDRKQCNFLL
WEDEKSKNKETFWATEN
QKFVKGINHRKMFLNLNEI
SSQDVSKRSFCSTCNMF
CRDDEKHSTHKVVKGLTD
LQLRHPSTILPALDDSKRE
AQYHFSETSVTVIMDIFKE
LGYRNVICIGTPRIHEYIQS
NCDQMSSILLDIDKRFHNF
FGPLQFCWYNMFNNHFF
FKEAKDVFIDFLQSDGGK
DMVIITDPPFGGRTELISAT
FKSINNQYQKLNQTQNTL
PMFWIYPYYMEPQILNSLP
DFSMLDFKVEYDNHQSFQ
NNSGGRKQGSPIRIFTNV
KPSLIKLPSSDYKHCKICK
RWVAKENKHCAACNSCT
SKNGVTYVHCEECNRCV
KPTWKHCKKCGRCAQVQ
HSCAKIEFVKECFNCKKS
GHKKADCPLLTPTQGQKR
KKSAEANRKKKKK* (450) 
 
 
 

ATCTTATTAAAAACTTTAACATGACTAAA
GGAGGTGTACAAGTTATCGAAAAAGATA
TAAGGAATCATCCCTGCTGTCCACATGG
GCCTACAATACTGTTTTCAAGAAAAATTG
AAGATGAAACCAGGAGATACTTTGCTTG
TTCTGCTTGCAGAGATAGAAAACAGTGT
AATTTTCTTCTTTGGGAGGACGAAAAGT
CGAAAAATAAAGAAACCTTTTGGGCAAC
AGAAAACCAAAAATTTGTGAAAGGTATA
AATCATCGAAAAATGTTTCTTAATCTGAA
TGAAATATCTTCGCAGGATGTTTCTAAAA
GGTCGTTTTGTAGTACCTGTAACATGTT
CTGTAGGGATGATGAAAAACACTCCACT
CACAAAGTTGTTAAAGGTTTGACTGATTT
ACAACTGAGACATCCCTCTACCATTTTG
CCAGCCTTGGATGATTCGAAACGAGAAG
CACAGTATCATTTTTCAGAAACGTCAGTA
ACTGTTATTATGGATATATTTAAAGAACT
TGGATATAGGAATGTTATATGTATTGGAA
CTCCTAGAATTCACGAGTACATTCAAAG
TAATTGTGATCAAATGTCTAGTATTTTGC
TAGATATAGATAAAAGGTTTCACAATTTT
TTTGGTCCTCTTCAATTTTGTTGGTATAA
CATGTTCAACAACCATTTTTTCTTCAAAG
AAGCCAAAGATGTGTTTATTGATTTTCTT
CAGTCGGATGGTGGTAAAGATATGGTAA
TAATAACAGACCCACCATTTGGGGGAAG
AACAGAGTTGATTTCAGCAACATTTAAAA
GCATAAATAATCAATATCAGAAGCTTAAC
CAAACCCAAAATACTCTGCCGATGTTCT
GGATATATCCGTACTATATGGAACCACA
AATTTTAAATTCACTACCAGATTTTTCTAT
GCTGGATTTTAAGGTGGAATATGACAAC
CATCAATCTTTTCAAAATAATTCCGGAGG
AAGAAAACAAGGGTCCCCGATCAGAATT
TTTACTAATGTCAAACCCAGTTTGATAAA
ATTACCTTCTTCAGACTATAAACATTGTA
AAATATGTAAAAGATGGGTGGCAAAAGA
AAATAAACATTGTGCTGCATGCAACTCTT
GTACTTCAAAAAATGGAGTTACATATGTT
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CACTGTGAGGAGTGTAATAGATGTGTGA
AACCCACATGGAAACATTGTAAAAAATG
TGGCAGATGTGCCCAAGTTCAACATAGC
TGTGCAAAAATTGAGTTTGTTAAGGAAT
GTTTTAATTGTAAGAAATCAGGCCATAA
GAAAGCTGATTGTCCACTGCTAACTCCA
ACACAAGGCCAGAAGAGGAAAAAATCA
GCTGAAGCAAATCGCAAAAAGAAGAAAA
AGTGATAATTATTTGTTATTTTAAATAATA
TACTTTATTATAAATTTTCAATAAGAA 
(1,510) 

MSTRG.40734.1 (1) 
Beta ureidopropionase 
[Leptinotarsa decemlineata] 
(98%;75%)/ Beta 
ureidopropionase 
[Anoplophora glabripennis] 
(99%;76%) 

Lower (1) 
Carbon-
nitrogen 
hydrolase 
superfamily 
(IPR036526)/C
arbon-nitrogen 
hydrolase 
domain 
(IPR003010) 
 
GO:0006807 
nitrogen 
compound 
metabolic 
process 

(1)158-1312 
MSAIELDSIESVLKTLSIED
YEKVCGLLYGKGVSKITLK
EEVLHLAEKYDIEVAIEKFI
SQEEQLRSPRNTRVGLFQ
HKTPLPTWSRIKEMRDAM
FKLASEALEIAYKGGVNVF
CFQEAWNMPFAFCTREK
SPWCEYAEEAEHGPTTEF
LKGLAKRYNMVILSSILER
DSVHGDTIWNTCVVIDNH
GEYLGKHRKNHIPRVGDF
NESTYYFEGNTGHPVFKT
EFGKIAINICYGRHHPLNW
LGFALNGAEIVFNPSATIG
GLSEPLWGVEARNAAIAN
SYYTCAINRVGTEVFQNE
FTSGNGQPAHKDFGHFY
GSSYVTAPNGSRTHGLSR
TRNGLLIAELDLNLCRQVR
DVWGFQMTQRLDMYADL
LKEAIKPDFKPQLIEKS* 
(385) 
 
 
 
 

TAAATTGACGTTTTATTATCATTTAACAC
TGAACGCAAACAAGGTGAAGTTATTTAT
ACATTATACGAGTACCACAGTATTAAAAA
CAAACGAGTACTATCTACTAGAACGCTA
GAAAGTTATTGTAAACGTACATTTACATT
TTTTATTGTTAAACATGTCAGCAATAGAA
TTAGATAGTATAGAGAGTGTGTTAAAAA
CGCTTTCCATTGAAGATTATGAAAAAGT
GTGTGGTTTATTATATGGGAAAGGAGTA
AGCAAAATTACTTTAAAAGAGGAGGTAC
TTCATCTTGCTGAGAAGTACGACATAGA
AGTTGCAATTGAAAAATTCATTTCCCAAG
AAGAACAACTCCGTTCTCCTAGAAATAC
CCGTGTTGGTCTTTTCCAGCACAAGACG
CCTCTTCCAACATGGAGTCGTATCAAAG
AAATGAGGGACGCTATGTTCAAACTAGC
CTCAGAAGCTTTGGAGATTGCATACAAA
GGAGGCGTTAACGTATTTTGTTTCCAGG
AAGCATGGAATATGCCGTTTGCCTTTTG
TACGAGGGAAAAATCACCATGGTGTGAA
TATGCAGAGGAAGCAGAACATGGACCA
ACTACAGAATTTTTGAAAGGGCTTGCCA
AGCGGTATAATATGGTGATCCTTTCGTC
AATCTTGGAAAGGGATTCTGTACATGGG
GACACAATTTGGAATACCTGTGTTGTGA
TTGATAATCATGGTGAGTATCTTGGGAA
ACATAGGAAGAACCATATCCCAAGAGTA
GGCGATTTCAACGAGTCGACATATTACT
TTGAAGGAAATACCGGACATCCTGTGTT
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CAAGACTGAGTTTGGAAAAATTGCCATT
AACATTTGTTATGGAAGACATCATCCACT
GAATTGGCTAGGGTTTGCATTGAACGGT
GCGGAAATTGTGTTTAATCCTTCAGCTA
CTATTGGTGGTTTAAGTGAACCTTTGTG
GGGCGTAGAAGCAAGAAATGCAGCAAT
AGCAAATTCTTATTATACTTGTGCTATTA
ACAGAGTTGGGACAGAAGTTTTTCAAAA
TGAGTTCACGTCTGGAAATGGCCAACCA
GCTCATAAGGATTTTGGACATTTTTATGG
GTCCAGTTATGTAACCGCTCCAAATGGT
TCTAGAACACATGGTTTATCACGAACAA
GAAATGGTTTGCTTATTGCTGAACTAGA
CCTTAATCTATGTCGCCAAGTAAGAGAC
GTATGGGGATTCCAAATGACTCAAAGGC
TGGATATGTATGCAGATCTACTGAAAGA
AGCTATTAAGCCCGACTTTAAACCACAA
CTCATAGAGAAATCATAACTGCTCTAAAA
CTAAAGTATTTTTTGCACGAAAAATGTTT
TTTTGTTTATTACATTTTATTTAATTTGAT
ATTAAAAATGTGAGATCTTATTTTTTGAT
ATTAATGTATTATTTTCAATATGATTTTAG
ATAGAGAAACAGAAAATTCACTATATAG
GAACGCAGAATCCTTGGTGACCTATCTA
TTGCCTGAGCGTTTTACAAATTTATAAAG
CATACAGGCCGATAAATAGTAGTGATGT
TGATTATAGTTACTTTCGAGTATTCGTTA
CAAATCGTTACTTTTGTATAAAGTAATCA
TTTACAGTATTCGTTACTTTGATTACTAT
GATTACTTTTGTATTTGAGTACCGGTAAT
CATATCGAGAATCGTATTTCTCAGTAGG
TAGGTATTTTGTATAAGTATTCCGATATT
ATTATAACAACGACCTTCACCGATATGTT
TAAGGGATAAACATGATTTGATTACTATG
ATTACTTTTGTTACTTTTGCATTTGAGTA
CTGGTAATCATATCGA (1,830) 

MSTRG.55035.1 (1) 
No hit 

Lower (1) 
No hit 

(1)244-20 
LLTHLPRVGVICCPRAVAI
GILSILWILPCWHLYKTFSL
FLKGFDLCIFWLAHHVLVT

TTAAAAAGCCCCTATAGGGCTACAAACA
TAGAAACAAAACGTTTTCGCTCTGTAAC
AAGAGCATCATCAGTGTTACAAGAACAT
GGTGAGCCAACCAAAAAATACAAAGGTC
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LMMLLLQSENVLFLCL* 
(75) 

AAAGCCTTTCAAAAACAGACTAAAAGTC
TTATATAGATGCCAACATGGCAAAATCC
AAAGGATGGATAAAATTCCTATGGCTAC
GGCCCTAGGGCAACATATGACTCCCAC
ACGTGGTAAGTGGGTCAATAGG (245) 

MSTRG.55986.1 (1) 
No hit 
 
(2) 
No hit 
 
(3) 
No hit 

Higher (1) 
No hit 
 
(2) 
No hit 
 
(3) 
No hit 

(1)1-186 
RKWHICFVRQNRLKLSEQ
RLNSHAKIRLLFITCHNSC
HLTYSTCSTHLNAHLVINS
GLIFA* (62) 
 
(2)795-965 
MNHFYCCTYLYVFKLHKY
TLSLKYYLTYIYFYLIKLLN
CLFVKFLSDENRSGLAGL
P (58) 
 
(3)819-670 
MYNSKNDSCTRRQAERP
SQLIGKNRHLSVFLFRYLC
QTVLALFKIDVTI* (50) 
 

CGAAAATGGCACATTTGTTTTGTCCGAC
AGAACAGACTTAAACTCTCCGAACAGAG
ATTAAACTCTCATGCAAAAATCAGACTG
CTATTTATCACCTGTCATAATTCCTGTCA
TTTGACATATTCTACATGTTCCACGCATT
TAAACGCCCATTTGGTGATAAATAGCGG
TCTGATTTTTGCATGAGAGTTTAATCTCT
GTTCGGAGAGTTTATGTCTGTTCTGTCG
GACAAAACAAATGTGCCATTTTCGTGTT
CTGACCGTTCCAGATTTTTTACCTGTTCC
ACAATTAAAACTGCCCCTGTTCCAGTGT
TCTCATATATCAAAGTTTATCCGACTAGA
CACCCTTAAGCTATTAACAAATTTTTAGC
TTGCTATTAATCAACTTTTTTTTCATACG
CGGGATCCAGATCTATGGTATCATAATA
TCATATTATGATGCTGCAATAAATTTATT
TTAAAGATTCGCCTTTATCAATCCTACCT
AATGTTTCTAGTTTCTTTTCCATTGTCAC
AACATTTTTACGTTTTGTTAACATTACAG
TTTTGTTACCATTACGTAGACAAAAATCA
GGCAAACACAATCTGAAGCACGATTACA
GAACGGAAGTGATTAAAACAATGTTGTT
ATTTAAGAACAGACTAAGGCCATTGTTTT
AAAAAAGAATTTTTAAATAGTCACGTCTA
TTTTAAACAATGCTAAGACAGTTTGACAT
AAATAACGGAAAAGGAATACAGACAGGT
GCCTGTTCTTTCCGATAAGCTGAGACGG
TCGCTCTGCCTGCCGCCGTGTGCATGA
ATCATTTTTACTGTTGTACATACTTATAT
GTGTTCAAATTACACAAATACACATTATC
TCTCAAATATTATTTGACCTACATATATTT
TTATTTGATAAAATTGTTAAATTGTTTATT
TGTTAAATTTTTGTCTGATGAAAATCGGT
CCGGGTTAGCCGGACTTCCGGG (967) 
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MSTRG.76395.1 (1) 
Uncharacterized protein 
LOC111032164 [Myzus 
persicae] (99%;58%) 

Higher (1) 
No hit 

(1)2-1384 
QELKELEVNGLEIQINEISN
LRVHFVLGLVLGDNLGLN
SFLDFSKSFSANFYCRICR
VEKKDCQKFCIENTEMIRT
ISNYNSDLASSSENRGIIC
NSLLNDIPSFHVVHNYYVD
IMHDIFEGVCHYCISHAIIY
FIKMKYFDLKILNSRRENF
EYGPKEIGNMPGKIELHHL
NSKKLKMSAREMMTFISY
FPLMVGDLIPDDDEVWIFL
INLIEIIDILLCFEVANPDIILL
QNKIKKLNSDYTVLFNDTL
KPKFHNLTHYPNIIRQSGP
LRKLWCFKYESNHIHSKIY
CHCINSRKNICITLSKKYQL
KFAYQILKNEEPTTTLSAN
SRHKRQSNFKNIIYEQLNI
VDKSSVQFYSQLRYKGTQ
FKCGDYISVLNNDIHIYKIV
EIILLNKDEILFFSQKLINTN
YRSHFLAHEVDLSNLGQL
SLISVNELIGPPVDLIRTAK
GINMIKVKEHYSTIAF* 
(461) 
 
 
 
 
 
 

ACAAGAATTAAAAGAGCTAGAGGTCAAT
GGGCTAGAGATTCAAATTAATGAAATTT
CGAATTTACGTGTTCATTTTGTATTAGGT
TTAGTATTGGGTGATAATTTGGGCCTAA
ACTCATTTTTAGATTTTTCCAAATCATTTT
CAGCAAATTTTTATTGTAGAATATGTAGA
GTAGAAAAAAAAGACTGCCAAAAGTTTT
GTATTGAAAATACCGAAATGATACGAAC
AATTTCTAACTACAATTCAGACTTAGCCA
GTTCATCCGAGAATAGAGGAATAATTTG
TAACTCTCTACTTAACGATATTCCATCTT
TTCATGTTGTTCATAATTACTACGTTGAT
ATAATGCATGATATATTCGAAGGTGTAT
GCCACTACTGTATTAGTCATGCAATTATT
TACTTTATTAAAATGAAGTATTTTGATTTA
AAAATTTTAAATTCAAGAAGAGAGAATTT
TGAATATGGACCTAAAGAAATTGGTAAT
ATGCCTGGAAAAATTGAATTACATCACC
TTAATAGTAAAAAATTAAAAATGTCTGCT
AGAGAGATGATGACATTTATAAGTTACTT
TCCTCTTATGGTAGGAGATTTGATTCCA
GATGATGATGAAGTTTGGATCTTTCTCAT
TAATTTAATAGAAATTATAGATATCTTACT
ATGTTTTGAAGTAGCAAATCCGGATATTA
TTTTATTACAAAATAAAATTAAAAAACTTA
ACAGCGATTATACTGTACTATTTAACGAC
ACGCTTAAACCCAAATTTCATAATTTGAC
TCACTATCCAAATATTATTCGGCAATCTG
GACCTCTTAGAAAATTATGGTGTTTTAAA
TACGAATCTAATCATATCCATTCTAAAAT
TTACTGTCACTGTATTAATTCTAGAAAAA
ATATATGTATTACCTTGTCCAAAAAATAT
CAGTTAAAATTTGCCTACCAAATTTTAAA
AAACGAAGAACCCACCACTACATTGAGT
GCGAATAGTAGACATAAAAGACAGAGTA
ATTTCAAAAATATTATTTATGAGCAACTA
AATATCGTTGATAAAAGTTCTGTTCAATT
TTATTCTCAATTAAGATACAAAGGAACCC
AGTTTAAATGTGGTGATTATATATCTGTA
TTAAACAATGATATTCATATCTATAAAATT
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GTAGAAATTATTTTACTGAATAAAGATGA
AATATTATTCTTTTCACAAAAATTAATAAA
TACAAACTATAGGTCCCATTTTCTTGCCC
ATGAAGTGGATTTAAGTAATTTGGGCCA
ATTATCACTGATTTCAGTTAATGAATTAA
TAGGACCACCAGTAGATTTAATAAGAAC
AGCGAAAGGCATTAACATGATAAAAGTA
AAAGAACATTATTCTACAATAGCATTCTA
ATAAGGCTTTTCATTCCGAGTCATTAGTT
TCGAGCTTCTGTCATGTGTCACATAATAT
TAATATATCTACGTCATACGTTATTGGCA
TATACCAATGATGCAAACCAAAGACGTG
TGACGTAGATATATTAATATCATGTGACA
CATGACAGAAGCTCGAAACTAATGACTC
GGAATGAAAAGCCTTATTAGAATGCCCA
CGAATATACGACCCTCTTGGATTATCGC
GACAACGAATATTTTACTGTGCAAAATAT
GAAGAACGAAAGTAAATTGCAAATTATAT
TCTTGTTTATTGGAGTAATTATTAGAGCA
AAGTACTTTCGTACTTCTTAAGTTGCACA
CTAAAATATTCGTTGTCGCGATAATCCAA
AACAGTCGTATATTCGTGGAACCCACCA
TACATATTTTGCAACGAGCATTTAATGAC
GGTAATTACCATGCGATTGACGTATACG
ATCACGAGCTGCGATGCGATGAGTGTC
GTATGAAAGACGAGCATCATAATAACAA
TTAAAACACTGAAAACATTTGTTTTCAAT
AGTTCCTCAAAATTTATTATTCAACTATG
TCACTACAGCTGTTTCTGCAAAGTGCCT
TTATATAAAATAAATCACTTGAGAAAGGC
ACTCAAAATAATAAATTTTGAGGAAGTAT
TGAAAACAAAAGTTTTTAGTGTTTAATTG
TCAGATAAAATGAACTTCTACCAAGTAAC
CGTCGAACCCATTAATTAATTAAATGTAA
GTTGTATACATGATTTTTTTATAATCATTC
ACAAAAAAAATAAATCCAAATTTATTTATT
TTGTAACACAAAATTAAGTACTTACATAT
AAGCTTAAGGCAGGTTTCACCAACAACA
TATAAATCGGTGGATAGTTATTGGTCGA
ATAAAATTTATTAGTCGAGTATATATTTA
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ATTTCGTGTCAACAACTATTTGTCATTTG
TATTCCACAATTAGTTGTTCGTCGACGA
ATAAGTCCTATAAATATATAATGATTTTC
CACCAGTACTCGTTGGTATAATAAAAAC
AAGCGCATTGCATTCCACTGTTGTAATC
GTATGAGATATACATAACCTATATTTTGT
TATTTGTTGATATTTATCACAATACATAAT
AGAAAATATTTGTTTGATTTGTTTATTGA
AAATAGACAAAAAAACGTGAAAAGATAA
TTAATTTTTATGTTTATGTTTTATAGTCTG
CATGTTATATACAATAATCATTATTGGAA
TAAATTTGAGGCGACGTAACTTTTCTTAC
GTTGTTTTTACAGACATTTTCTTAAAATT
ATTTAATTTTGGAACTGTTAGTTTATTTAA
ATATTAAATATTCTTTGTCTAAATTATAAA
CTGTCCAAATGAATGAATTTGACTTGGC
ATTGATCGTTGCGTATGTGCTACCGACA
CGACGTTACAGAACGTCATCTCGCGATT
TTATTAGTTAAAATCTGTATCACCATGAA
TCTCATTATACATGACAGGTAGCCAAAT
CATAATTGATAATATATTAAAGTATGAGA
GTAGAAAAAACAACCTAATAATATAATTT
AACCAATATTTCAATAAAATCATAACATT
TTTAAACGTTTTGAGCTAGCTAGAACATC
ATGTATCAAAATAATGACGGAGAAACAG
ATGCCACTTACCAAATCGGTCAGAATTT
GGCGAATTTTCTTGGCAATGAATATATTA
TGCCTCCAGAGATGAAAAATAATATAGC
GCAACAAAACGAAACTGTACAACAACTC
GAGTCAATGCTGACAGATTTATCCAAAT
GCCATACAAATGATTCAAACCAAAATCTA
CATGACTACGAGATTGAACATCAAAGTG
AATCTGAAGTAAGCGACATTGCTGGCAC
CAATAGTAACAAGAATTCCCAAGATGAA
AATCTCGAATCAATTGAACTCAGAAATTT
ATTAAAATTATGGAATATGGAAAGTCTGA
CAGATCATTTAAT (3,346) 

MSTRG.1810.1 (1) 
Uncharacterized protein 
LOC111055027 

Higher (1) 
No hit 

(1)527-703 
MLLVATNKLNYYYYYVSL
WTSLTSNEEVLQRIGKER

CGCGAAGCAAAATAGCAAAGTAAACAAA
ACAGTGTAACATGTGTAAAAAATTTATGG
GGAGGCTAAGCCTCCCTTGCCTCCTCT
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[Nilaparvata 
lugens](64%;55%) 

ELSNTAKVRKILYLNRPQT
DKQ* 
(59) 
 
 
 
 
 

GACTAGCCGCCACTGCTCGATACTCTTT
CCCCTCCTCCAATACAGCTGTTTGATTA
TAATAAAGTTCGGTAATATTTCTAAGAAT
AAATGTTTAAATTGTGAAAATTATTGTAA
AAATGAATAAAACACCTTCAAAAAGTCAT
GATAATTTTCATAGAAAACGAAATCTGCC
AGAAGAATCCCACTGGAAATGTGTCGAA
AATAATTTCTTGAATTTTATGAGAGATTT
TCTTAGGTCCATAAACAAAATTTAACAGT
AACTGAATTAGTAAGAAGAATTGCCCAA
ATTTGAAGACAGATGATCAAAAAAGACT
ATATTTGATTCCTTTTTGTAAACTTTAAG
ATAAATTAATGTTATTTAATATAATCAAAA
TTTAACCCTCACGCACAAGTTGTAGTCT
ATGTGACAAACAACTTCAGTGAGAAATT
GGGTTTATTTATTATGTTATTAGTTGCTA
CAAATAAACTCAATTATTATTATTATTATG
TTTCTCTTTGGACATCGCTTACTTCAAAC
GAAGAAGTGCTGCAGAGAATAGGTAAA
GAACGAGAACTTTCCAACACAGCGAAAG
TTAGAAAAATATTATACCTAAATAGGCCA
CAAACTGATAAACAGTAAGTACCAATAT
GCTTAACTAATAGTGAAAGGAAAAATCG
AGGGAAAAAGAGTACTAGGAAGGAAAA
GACTATCGTGGATCAGAGACATCGGACA
ATGGACAGGGCAAAATTTTGAACAGATA
ATACGAACGGCTGAAGACAGACAATAAT
TTGCAATTGTAGTAGCCAACCTCCATTG
AAGAGAGGGCACTTTAAGAAGAAAAAGA
AGTAATTCTCATGCCCTTCGTATCTAAAT
TCTTTCGTTGGAGTAATTGTATGAGGTG
ACACAGATGTACAGTGGTTAATTTATATC
CATGCACCTTTGAACCAACACCTTATGG
CACATAAGGTTCTAACGAATAATTTTTAA
GAATAAGCTTTAGACGATTATAAAAAGCT
TAGTCAGTGATATATCTATGGTAAAATTT
TTAAAGAAATATAATTAGCAATGTTGGAG
TTTAACAACATATTATTAAATATCTACATA
TTCTCTGTTGAAGTACAACGGCCTC 
(1,193) 
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MSTRG.22922.1 (1) 
No hit 

Lower (1) 
No hit 

(1)225-1 
LMDWFAASLSNTLYRKSM
MTFSVNIGTEEEDNCSSF
TMRKSATALIQIKRWCHFA
LNDTLSMLIYTVSVKYGTN
S (76) 

AGAATTTGTTCCATACTTTACGGACACA
GTGTATATTAGCATAGAGAGAGTGTCAT
TCAGAGCGAAGTGACACCATCTTTTTAT
TTGGATTAGTGCTGTTGCACTCTTACGC
ATAGTAAAGCTGCTACAGTTGTCCTCCT
CTTCCGTGCCTATATTCACACTGAATGT
CATCATAGATTTTCGATACAATGTGTTAG
AAAGAGATGCAGCAAACCAGTCCATGAG
AT (227) 

MSTRG.36906.4 (1) 
MFS-type transporter 
SCLC18B1 [Anoplophora 
glabripennis] (96%;67%) 

Higher (1) 
GroES-like 
superfamily 
(IPR011032)/N
AD(P)-binding 
domain 
superfamily 
(IPR036291)/P
olyketide 
synthase 
enoylreductase 
domain 
(IPR020843)/Al
cohol 
dehydrogenase 
N-terminal 
domain 
(IPR013154)/Al
cohol 
dehydrogenase 
C-terminal 
domain 
(IPR013149)/Al
cohol 
dehydrogenase
, zinc-type, 
conserved site 
(IPR002328) 
 
GO:0055114 
oxidation-

(1)155-1795 
MDKETSDTFARNFTSDNI
DLSLNTSNSYTFTGRIVLR
TLQRSKSMSCVSPDSFSS
GEVRRMRERLLRTNAHVT
PSSIMSLSRYQKMTLLSLA
LVDFMSFCSMSIMAPFFP
REAFEKGMSDTMTGFVFS
FYALVMFISSPIFGKILPVF
GAKFLFILGIFVAGLCNILF
GLLEYISNYTLFTTFCILIR
GFEALGASAFSTASYIFVV
NSFPNNIGSVIGILETFVGL
GMSTGPAVGGILYSLGGF
SVPFYVLGVAMVFIGLINL
LLLPNVEDCDSMTNKTTS
MMKLIKIPAVIVTGLVVTVV
SSIWAFLEPTLEPHLRDFN
LSPEKIGLIFLLFSALYGISS
PAWGWVADRINHPWLMM
VAGLFMCTLGLLLLGPCP
YIPVLSQNLWLDLVALSIL
GISVALTLMPTFLRILTSAT
KAGYSDSLVTYSVVAGVW
SCMYSLGEVLGPALGGFL
MGRYGFPMASTVMATVIF
SLAIFTTIFFILNSTVCKEAE
RKSDSGISESWRSSNLSM
SNEHTPLLLSTIDGGLQSS
YKKQYYTQNARNCDAVS
E* (547) 

CGAGAGATAAACCATTAGAGATAACTTC
TATTTACAAGGATTCTAGAATCATTAACC
ATATTATTAGTTTTTGACTTCATCCTGCC
TGTAAGTGAATGTGTGCCGTAGTAATTA
AATCTATATCGTCGATCTTGATGAAAAAC
TTTAAAGAACAATGGATAAAGAAACAAG
TGACACGTTTGCCAGAAACTTTACATCT
GATAATATAGATCTTAGTTTAAATACTTC
TAATAGTTATACATTTACTGGCCGAATAG
TATTGAGAACTTTGCAAAGGAGTAAGTC
TATGTCATGTGTTTCGCCAGATTCATTTT
CCTCTGGGGAAGTAAGAAGAATGAGAG
AGCGGTTATTAAGGACAAATGCACACGT
AACACCCTCAAGTATAATGAGTTTAAGTA
GATACCAAAAGATGACATTGTTATCACTA
GCTTTGGTCGATTTTATGAGTTTCTGTTC
AATGTCGATTATGGCTCCCTTTTTCCCAA
GGGAGGCGTTTGAGAAAGGAATGTCGG
ATACAATGACTGGTTTTGTATTCAGTTTC
TATGCTCTAGTCATGTTTATATCATCTCC
AATATTTGGAAAAATTCTACCAGTATTTG
GAGCAAAGTTTTTATTTATACTTGGTATA
TTTGTGGCAGGATTATGTAATATTTTATT
TGGGCTTTTGGAGTACATTAGCAACTAT
ACGCTTTTTACGACATTTTGTATACTGAT
ACGAGGATTTGAAGCGTTGGGTGCAAG
CGCTTTTTCGACCGCTAGTTATATTTTCG
TAGTTAATTCTTTTCCAAATAACATTGGA
TCTGTTATAGGCATTTTAGAAACTTTCGT
AGGACTAGGAATGAGTACTGGTCCTGCA
GTAGGCGGCATACTATATTCGCTTGGTG
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reduction 
process 
GO:0008270 
zinc ion binding 
GO:0016491 
oxireductase 
activity 

GATTTAGTGTGCCATTTTACGTTTTGGG
GGTAGCAATGGTTTTCATAGGTTTGATC
AACCTATTGCTGTTACCAAACGTTGAAG
ACTGTGATAGTATGACAAATAAAACCAC
ATCTATGATGAAACTAATTAAAATTCCAG
CTGTGATTGTGACTGGTCTTGTTGTTAC
TGTTGTATCCAGCATTTGGGCGTTTTTG
GAACCAACTTTAGAACCACATTTAAGAG
ATTTTAACCTGAGTCCAGAGAAAATCGG
TCTCATATTTCTATTATTTTCTGCTTTATA
CGGAATTTCCAGTCCCGCATGGGGTTG
GGTAGCTGATAGAATAAATCACCCTTGG
CTTATGATGGTCGCTGGATTGTTTATGT
GTACATTAGGATTATTGTTACTAGGGCC
TTGTCCATATATTCCTGTCTTATCACAAA
ATTTGTGGTTGGATCTGGTTGCTTTATC
CATCCTGGGAATATCTGTTGCCTTAACC
TTGATGCCAACATTTTTAAGAATCTTAAC
CTCTGCCACAAAGGCAGGCTATTCAGAC
TCTCTGGTAACTTACAGCGTAGTAGCTG
GTGTTTGGTCATGTATGTATTCACTAGG
AGAAGTTCTAGGACCAGCCCTTGGTGG
CTTTTTGATGGGTCGCTACGGATTTCCA
ATGGCGTCCACTGTAATGGCCACTGTTA
TATTTTCATTAGCAATATTCACCACCATA
TTTTTCATTTTAAATTCGACAGTATGTAA
GGAAGCAGAAAGAAAGTCCGATAGTGG
AATAAGCGAATCGTGGAGAAGTTCTAAT
TTATCTATGTCCAATGAGCATACACCACT
TCTTTTGTCAACCATAGATGGAGGTCTT
CAGTCATCTTATAAAAAACAGTATTATAC
TCAAAACGCAAGGAACTGTGATGCAGTA
AGTGAATGAGTTCGACTACTACCATACT
TTAATGGAACCGAAAACATCTGTCTCAG
TTTCCAAAACTGGAAAGGGGTCCTCTGA
AATTTAATGTTAAATTATTACCACCAGTT
AAAAATAAATATAATCTTATTTTGTAGCT
GACTAAA (1,935) 

MSTRG.41888.1 (1) Lower (1) (1)156-1232 GACAAGTTTTGCCTACCACCTTTAAAATT
CTTATCGAAAATGAATAAACAATACTACG
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Sorbitol dehydrogenase 
[Anoplophora glabripennis] 
(98%;78%) 

GroES-like 
superfamily 
(IPR011032)/N
AD(P)-binding 
domain 
superfamily 
(IPR036291)/P
olyketide 
synthase, 
enoylreductase 
domain 
(IPR020843)/Al
cohol 
dehydrogenase
, N-terminal 
domain 
(IPR013154)/Al
cohol 
dehydrogenase
, C-terminal 
domain 
(IPR013149)/Al
cohol 
dehydrogenase
, zinc-type 
conserved site 
(IPR002328) 
 
GO:0055114 
oxidation-
reduction 
process 
GO:0008270 
zinc ion binding 
GO:0016491 
oxidoreductase 
activity 

MASTKDNLSAVLYGINDL
RLEQRPIPVPKDNQVLLQ
MEVVGICGSDVHYLVSGR
CGPFVVKDPMVIGHEASG
TVVQVGKNVKNLKPGDRV
AIEPGVPCRTCHHCKTGA
YHLCPDIFFCATPPDDGNL
SRYYVHDADFCWKLPDN
MDLEEGALMEPLSVGVHA
CKRAEIKVGDVCLITGAGP
IGLVTLLSAKAMGASKVVI
TDILDVKLEMAKQLGADYT
IKIEKGMSEEDIVKRVIQLL
GQEPNKSMDCTGVEQCV
RVCVSATGVNGCVVLVGL
GKIEMTLPLTNALIKEVDV
RGTFRYVNDYPTSIELVRS
GRVNVKPLVTHHYKLEDS
VKAFHTAKTQEGNPVKILI
HANPNWKPS* (359) 

TCGTCGTATTTCATTCTATATAAGCTGAA
ACGACAGTCAAGAACAAACACATTGTCG
TGGTTTGGTCTGTGAAACGGTCAGAAAC
GCAAAACAAAATATGGCGTCAACTAAGG
ACAACTTGAGTGCTGTTCTCTATGGGAT
CAATGACCTAAGATTGGAACAAAGACCA
ATTCCAGTTCCAAAAGATAACCAGGTCC
TTCTTCAGATGGAAGTAGTTGGAATTTG
CGGTTCTGACGTTCATTACCTAGTTAGT
GGAAGATGTGGTCCATTTGTTGTCAAAG
ACCCCATGGTAATTGGTCATGAAGCTTC
AGGAACAGTTGTGCAAGTTGGAAAAAAT
GTTAAGAATCTTAAACCAGGTGACAGAG
TAGCCATCGAACCTGGTGTACCATGCCG
TACCTGCCATCACTGTAAAACTGGTGCT
TATCATCTCTGCCCCGATATCTTCTTCTG
TGCGACTCCTCCTGATGATGGTAACCTC
TCCAGATACTACGTACATGACGCTGATT
TCTGTTGGAAACTTCCTGATAACATGGA
TCTCGAAGAAGGTGCTTTGATGGAACCC
TTGTCTGTTGGTGTCCACGCTTGTAAAC
GAGCTGAAATTAAAGTAGGTGACGTTTG
TCTTATTACCGGAGCTGGACCAATCGGT
CTCGTTACTCTCTTATCGGCTAAAGCTAT
GGGAGCTTCAAAAGTTGTTATCACAGAT
ATTTTAGACGTAAAATTAGAGATGGCTAA
ACAATTGGGAGCAGATTATACCATCAAA
ATCGAAAAGGGTATGTCTGAAGAAGACA
TCGTCAAAAGAGTAATCCAACTTTTGGG
GCAAGAACCAAATAAGAGCATGGACTGT
ACTGGAGTCGAACAATGTGTCAGAGTTT
GCGTATCTGCAACTGGAGTAAATGGATG
CGTAGTACTTGTAGGATTAGGTAAAATT
GAAATGACTCTCCCATTAACTAACGCCT
TGATCAAAGAAGTTGATGTCAGAGGAAC
ATTCAGATATGTTAACGATTACCCCACCT
CTATTGAGCTAGTAAGATCTGGAAGAGT
AAATGTCAAACCTTTGGTGACTCACCAC
TATAAACTAGAAGACTCAGTTAAGGCAT
TCCATACCGCTAAGACTCAAGAAGGCAA
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CCCAGTCAAGATCCTGATCCACGCCAAT
CCTAACTGGAAACCATCTTAATAATTTAA
TTGCCGCCATACGTATTAGTTTTTGTTGA
AAAAAATTGTTGGAGTGTATGTTGTTTTT
TTGTGTACGTTAATAAAGAAATTTTAATG
TTTACTGTAA (1,337) 

MSTRG.49163.1 (1) 
No hit 

Higher (1) 
No hit 

(1)466-239 
INRGCQLNIWIGDMNPQT
LVKFRPGSSLTCQQSLEF
FFGPISEWSDTFVPSYFSF
GISCVVFFYFAKVVLENLE
S* (76) 
 

ACAGTGTAGCGTGTGTAAAAAATTTATG
GGGAGGCCAAGCCTCCCTTGCGTCCTC
TGACGAGCAGCCACTGGTTTCCTAAACA
CAACTGCTTTCATACCTTTTCATTTTTTTT
GCCACAGCATTGATTTTCTTATACTTTAT
TATTGTTATTTAAATAATAAAATGAAAGA
ATACAAGCTATTTTTCTTTCATTTTTAGG
CTAAACATTCAAAGCAATATAAAATAACA
GAAGATAAACTAAGATTCCAAATTTTCCA
AGACAACCTTCGCGAAATAGAAGAACAC
AACGCAAGATATGCCAAAGGAGAAGTAG
GATGGTACAAAGGTGTCACTCCATTCGC
TGATTGGACCAAAGAAGAATTCAAGGCT
CTGTTGACACGTCAAGCTGCTTCCAGGC
CTAAACTTAACGAGAGTTTGGGGGTTCA
TGTCGCCGATCCAAATGTTAAGTTGGCA
TCCTCTGTTGATT (467) 

MSTRG.15366.1 (1) 
NFX1-type zinc finger-
containing protein 1-like 
[Leptinotarsa 
decemlineata](99%;60%) 

Higher (1) 
P-loop 
containing 
nucleoside 
triphosphate 
hydrolase 
superfamily 
(IPR027417) 

(1)3-1025 
YIKNPRDKQQDIKVYEGV
KFLNAESINDQNCQRIQFD
FSNKKTKFEYENSKRFMF
GSLLCFTDDRFKTLLFGKI
VDRKAELLGNGQLIVGFS
SDMELPAGLYDKSFLLVE
SKVYFEPYYQVLTVLKNM
PIEHFPMERYIIQVLTDTRP
PQYLLKIDPVFYTIERTRF
WPLNWGDRQFYGLNEAQ
NKAFQSALTREFAIIQGPP
GTGKTFLGLKIARTMLKNS
EAWYSDSPMLVICFTNHA
LDQFLEGLLPTTDEIVRVG
GQSKSEKLNDYNLRNRKR
VRASPNRAVSERHFVVRN

GGTACATCAAAAACCCACGAGATAAACA
GCAGGATATTAAAGTGTACGAAGGTGTC
AAGTTTCTCAATGCGGAATCTATAAACG
ACCAAAATTGTCAGAGAATCCAATTTGAT
TTCTCTAACAAGAAAACAAAGTTTGAATA
CGAGAATTCCAAAAGATTTATGTTTGGTT
CTTTGCTGTGTTTTACAGATGATAGGTTT
AAAACACTACTTTTCGGAAAAATTGTAGA
CCGAAAGGCAGAATTGCTAGGAAATGGT
CAGCTCATCGTTGGGTTTAGTTCAGATA
TGGAGTTACCTGCAGGTCTCTATGACAA
ATCTTTTTTGTTGGTTGAGAGCAAAGTTT
ATTTTGAACCTTATTATCAAGTTCTTACT
GTTTTAAAAAATATGCCAATTGAACATTT
TCCAATGGAAAGATATATCATACAAGTG
CTCACAGACACAAGACCTCCCCAGTATC
TCTTGAAAATAGATCCAGTTTTTTATACC
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LMRDIGSINGYLNIIAKYDT
VVDFGAFSGVVPEYATSW
FAKAQKEH (342) 

ATAGAGCGTACCAGATTTTGGCCTCTGA
ATTGGGGTGACCGACAATTTTATGGTTT
GAATGAAGCCCAAAATAAAGCTTTTCAA
TCTGCGCTAACCAGGGAATTCGCAATCA
TACAAGGACCTCCAGGAACTGGCAAAAC
ATTTCTGGGATTAAAAATTGCTAGAACAA
TGTTAAAAAATAGCGAAGCATGGTATAG
CGACTCTCCCATGTTAGTAATTTGTTTTA
CAAATCACGCGTTGGACCAGTTCTTGGA
AGGATTGCTGCCAACAACAGATGAGATC
GTCCGTGTAGGTGGACAATCAAAAAGTG
AAAAACTAAACGATTACAATCTTCGGAAT
AGAAAAAGAGTTCGAGCTTCTCCAAATC
GAGCTGTCTCTGAAAGGCATTTCGTAGT
AAGGAACCTAATGCGAGATATCGGATCA
ATAAATGGATATCTAAACATAATCGCAAA
GTATGACACTGTCGTCGATTTTGGTGCA
TTTTCAGGTGTTGTACCAGAATATGCGA
CATCTTGGTTTGCAAAAGCCCAAAAAGA
ACATA (1,026) 

MSTRG.16720.3 (1) 
Glycoside hydrolase family 
31 [Phaedon 
cochleariae](97%;61%)/ 
Glycoside hydrolase family 
31[Chrysomela 
tremula](93%;61%) 

Higher (1) 
Glycoside 
hydrolase 
superfamily 
(IPR017853)/Gl
ycosyl 
hydrolase all-
beta 
superfamily 
(IPR013780)/Gl
ycoside 
hydrolase 
family 31 
(IPR000322) 
 
GO:0005975 
carbohydrate 
metabolic 
process 

(1)1-1932 
ATIDYLQLKMLSVRKGWR
AILIAILLVGVNQVIVQCST
VNEIILKPSSNGLAIEVNQK
EEKKLKGTIGVGIDFTNIN
CYGQESCQVGDADFSVK
QSEDGFHIKWETNNLTSV
FQDCFDFEEGVHWYGGP
ERKKQSWPIEKLEIESYQA
YVLHQLDNFAVAERYWLN
SKGLYIYLNSKVPLYVDQN
ISNKNRVCFMAKIEGPYIN
RHKNFLEYDIVIKDDPREA
HVHAVKTFLGKPSGYPDE
RMITEPIWTTWAKYKTKIS
DEIVLDFAKDIRDNGYEKG
QIEIDDYWEKCYGAQEFT
PTTFPDITNTIKTLKSWSY
RVTLWIHPFVNSDCQDNS
KIGLEKGYFVLDQNSRAN

GCAACTATTGATTATCTACAATTAAAAAT
GTTATCAGTTAGAAAAGGTTGGAGAGCG
ATTTTAATTGCAATTCTACTGGTTGGAGT
GAATCAAGTTATAGTTCAATGTTCTACAG
TAAATGAAATAATTCTCAAACCAAGTTCA
AATGGATTGGCCATTGAAGTAAATCAGA
AGGAAGAAAAAAAACTGAAAGGAACAAT
CGGAGTTGGCATAGACTTCACCAATATT
AACTGTTACGGACAAGAATCCTGTCAAG
TTGGAGATGCTGATTTCTCAGTAAAACA
ATCTGAAGACGGATTTCACATCAAATGG
GAAACAAATAATTTAACGAGTGTTTTTCA
AGATTGCTTTGATTTTGAAGAGGGTGTC
CACTGGTATGGAGGCCCGGAGAGAAAG
AAACAAAGCTGGCCCATAGAGAAATTGG
AAATTGAAAGTTATCAGGCGTATGTACT
ACATCAGTTGGATAATTTTGCTGTAGCT
GAACGTTACTGGTTGAACTCAAAAGGAT
TGTATATCTATCTAAATTCTAAAGTACCT
TTGTATGTTGACCAAAATATTTCGAATAA
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GO:0004553 
hydrolase 
activity 
hydrolyzing O-
glycosyl 
compounds 

GSWWNGNDSYQIDFTNP
EAAEWWSARLKKLQQNP
GIDSFKFDAGETDYGPQP
SVYHGVNQEDVPNILSER
YVRTCAKFGPLVEVRSGS
RTQDLPIFIRMIDKDSNWE
DSNGLYTLITTLLQMNING
YTLVLPDMIGGNGYAGKL
PDAELLVRWTQANTFMPA
MQFSYLPWEITSTKFNVA
KIVKKFVALHEKYADHIIRA
MKNSVEKGSPVNPPIWWI
APKDVQALGCDDEYLVGE
EILVAPVIKEGATSRDVYL
PAGKWVDGNNGDIYLGP
VTVDYDAGIDILPFFILSQ* 
(644) 

AAATAGAGTTTGCTTCATGGCCAAAATA
GAAGGCCCTTATATTAATAGACATAAGA
ATTTTTTGGAATATGATATTGTAATAAAA
GATGATCCAAGAGAAGCGCACGTACAC
GCTGTCAAGACGTTTTTGGGAAAACCAT
CAGGATATCCAGATGAGCGAATGATAAC
TGAACCCATCTGGACAACATGGGCAAAA
TACAAAACGAAAATCAGCGACGAAATCG
TACTTGACTTTGCGAAAGATATTAGAGAT
AACGGGTATGAAAAGGGACAAATAGAAA
TTGATGATTATTGGGAGAAATGCTACGG
AGCTCAAGAATTTACACCAACAACTTTTC
CAGACATAACCAATACTATAAAAACTCTA
AAAAGTTGGAGCTATAGGGTCACTTTAT
GGATACATCCCTTCGTGAATAGTGACTG
TCAAGACAATTCCAAGATTGGTTTAGAA
AAAGGATATTTCGTCCTAGATCAAAATA
GCAGAGCAAATGGCAGTTGGTGGAACG
GTAATGACTCATACCAAATTGATTTTACT
AATCCAGAAGCAGCGGAATGGTGGTCT
GCTAGGCTAAAGAAACTTCAACAGAATC
CTGGGATAGACAGTTTTAAATTTGATGC
AGGAGAAACTGATTACGGTCCTCAACCT
TCAGTTTATCATGGTGTGAACCAAGAAG
ATGTCCCCAACATTCTAAGCGAAAGATA
TGTGAGAACCTGTGCTAAATTTGGCCCT
CTTGTAGAAGTTAGATCGGGTTCCAGAA
CACAAGACCTACCAATATTCATTCGAAT
GATCGACAAAGACTCGAATTGGGAAGAC
AGCAACGGATTGTACACTTTAATTACCA
CTCTTTTACAAATGAATATAAATGGATAC
ACGTTAGTTTTGCCTGATATGATTGGTG
GAAATGGTTACGCTGGAAAATTGCCCGA
CGCTGAACTTCTAGTGCGATGGACACAG
GCTAACACTTTTATGCCCGCAATGCAAT
TTAGTTATTTGCCATGGGAAATAACATCA
ACAAAGTTTAACGTTGCCAAAATTGTAAA
GAAGTTTGTGGCCCTTCATGAAAAATAT
GCTGATCACATTATTAGAGCCATGAAAA
ACAGCGTTGAGAAAGGTTCACCGGTCAA
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TCCTCCAATTTGGTGGATTGCGCCTAAA
GACGTACAAGCCTTGGGATGTGATGATG
AGTACTTGGTTGGAGAAGAAATCTTAGT
GGCACCAGTAATAAAAGAAGGAGCAACT
AGCAGGGACGTATATTTGCCAGCAGGA
AAATGGGTAGATGGAAATAATGGTGATA
TCTACCTAGGGCCCGTAACAGTTGATTA
TGATGCTGGAATAGACATATTGCCTTTTT
TTATCCTTAGTCAATAGGACACAAAAATA
AATTTATATAAAGCTAATGAATAAATGTA
TTTTTGATATTATTGTAATAACTTAAAATG
GAAAATAATAAATAACCCCATAAAATAAG
GGTGTTTGTTTG (2,044) 

MSTRG.45573.1 (1) 
Galectin-4 [Anoplophora 
glabripennis] 
(99%;52%)/Galectin-8-like 
[Leptinotarsa 
decemlineata](90%;41%) 

Higher (1) 
Concanavalin 
A-like 
lectin/glucanas
e domain 
superfamily 
(IPR013320)/G
alectin 
carbohydrate 
recognition 
domain 
(IPR001079) 
 
GO:0030246 
carbohydrate 
binding 

(1)310-1347 
MMDEVAVDALDFIIVEQDT
FPHYVDDLPDPLVPGTIIK
VTGFVRPDCSRFAVNLCC
NRSPSSDIALHLNPRISQR
YVVRNSRIKDHWGSEEVT
SITKFELARNKQIHIDIVVA
DTEFLISINGKHVCAFVYRI
PIETVKAIVVEGPVDVSGV
EYGKTNVYPVVNSPIENIE
EIVKEDGESHGTSQNYEV
PLTLSFPTGFDKGWQLDI
QGRVKILPANFFVNLQDG
PQLWPHPNIYLHLSPRFA
YLNTRHVFVRNSWLDGD
WGPEERVDKCPFTPSSTF
SIAIRSYVDHFSIWVNGQL
AGEFKYRGDPRKANTLYI
QGDVIITGVVMRHNISDKY
FTKSRQSIDSM* (346) 
 
 
 

CCGCAGTATAATCTCAAAATCAATTATAT
AACGTTAAAAGTCAGTCTTGTCTGCAGC
TAGTTCAATGCAATGCGTGTTTTCTAAGA
GCCAAACTACATTACAAATGAAGCCAAC
CATATCAGAGATTACAGTTTAATGTTTTA
CACATACCAGTCAGTTGATTTGCTTTGTT
GTTGTCATCCAAACGAAAATAATGCGCC
CAAGTAATACTCGTATAGACAACACACA
TGAGTCATAATCCTGCTAATTAGTATTCA
AAATTCACATGTTTTGATATGTCGGAATC
TGCGGTTTAATCTTTGTTAAATAATGATG
GATGAAGTCGCTGTAGATGCTTTAGATT
TTATTATTGTTGAACAGGACACTTTTCCA
CACTACGTGGATGATCTTCCCGACCCAC
TGGTACCTGGAACAATAATAAAAGTCAC
TGGATTTGTTCGGCCCGACTGTTCAAGA
TTTGCTGTTAATCTATGCTGCAATAGGTC
TCCATCTAGTGATATAGCCTTGCATTTAA
ATCCTAGAATATCACAAAGGTATGTTGT
GAGAAATTCCCGTATAAAAGACCATTGG
GGTTCAGAAGAAGTAACGTCAATAACCA
AGTTCGAACTTGCTCGAAACAAACAAAT
TCACATCGACATAGTTGTAGCTGATACT
GAGTTCTTGATCTCCATAAATGGTAAAC
ACGTATGTGCCTTTGTGTACAGAATTCC
TATAGAGACTGTTAAGGCGATAGTAGTT
GAAGGCCCAGTAGATGTTAGCGGGGTG
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GAATATGGAAAAACGAATGTCTATCCGG
TGGTAAATAGTCCAATTGAAAATATCGA
GGAAATTGTGAAAGAGGATGGGGAGTC
ACATGGTACTAGTCAAAATTATGAGGTT
CCTTTAACTTTGTCATTTCCAACAGGTTT
CGACAAAGGATGGCAGTTGGATATCCAA
GGAAGAGTGAAAATTCTGCCAGCGAATT
TCTTTGTCAATTTACAAGATGGGCCTCA
ATTGTGGCCTCATCCCAACATATATCTTC
ATTTAAGTCCTCGATTTGCTTACTTAAAC
ACCAGGCATGTATTTGTACGGAATTCTT
GGTTAGATGGCGACTGGGGTCCAGAGG
AAAGAGTTGACAAATGTCCATTTACTCC
ATCTTCTACATTTAGTATCGCCATCCGAA
GTTACGTCGATCACTTTTCCATCTGGGT
GAATGGACAATTAGCAGGGGAATTTAAA
TATCGCGGGGATCCAAGAAAGGCGAAT
ACGTTGTACATTCAAGGAGATGTTATTAT
AACTGGGGTTGTTATGAGACATAATATA
AGCGACAAATATTTTACGAAAAGTAGGC
AGAGTATAGATTCTATGTAAATTATTATT
TAGGGCATCTGCTGAGTGATAAACAACG
TGAAAACTTACATAATATTATTTTAATATA
CACTCACAGACAAAATATTGCTTATTTTA
TTTTGAGTTTACTTTTTTCTTTTGAAAAGT
TTTGTACATTGTATTTGCTAAATAAGTTA
TGCTGGACTATTATAAGTATAACCATTAT
GAAGTAACTTAAATATTGAGGAGCTACA
ACAATTTCTTAGAGAAATTAATGAAATAG
TCTTATTTTGCTTATAACATTTAATTAGAA
ACAGAACCAATAATGACAATAGAACACT
TTTTACGGAAACTTTGTAACAATTTGGTA
CTTAGTATTTCTTCCTCTATATCTAGTGA
TAGCCTGCTTCCTTCTAGGTAAGCTTCA
CAGAAGGTCTTGGATTGTCATGGAATTG
CATCATCCTCAAGATATTGAATGACTGT
GTTCCGATAGTAGGTTACGGAATCAATT
AAAAATAAGTGTAAACAATGAACAGTAAT
ATATTTATTTATTTTGGGTAAACAAGCGT
GCTTCGTTTATTATCTTGTAAGGGTTTGT
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TAGCGAGGGTGTGTCTGAATCGGTCGC
CTGCTGTGTCGATACTGCCAGACCACAA
TACTCTATTATGCCATCATGCTTGCGGTT
TATAATATAGCTAGAAAGGCAATAAATTA
CTAACATCTGCGTTTTAAAAGATGAGAA
ACTTTCAGTATCTTAAGCACATGACATAA
AGAGCGTGGCAATCTGGCCTCGGAATC
TATTAGGGTTTCCTTGAAAAAAACATTAA
TTTTATACAATCTGCTTAGGGATACATTT
CGTTTCTTAAACTTAACGGCCCTTGTTA
GCATATGGTTTGTATATTAAATGTTATTT
CGTTTTGAGAAAAGTTATTAAAAATTTAG
CAAAAATAGTAATTACAGCGTATCGCTAT
AATCGTACCGCTTATCTGGATCTTGGCC
CCCTCTTAATTATTTCTTCTGCATGTACA
CCGGCATTAGCACAAGTCATGATGAATG
AAGCCAGAATAAGGAAAATATGCTCTTC
GTGGATGTGTGTTGCGTATATATCAGTC
AGCATTCATTCAAATGTTTACTTTAATAA
GCTACGTACGACTCTTCGTAGTAATACT
TCGTACGTTTACCCCATAGCATAATGGA
ACTGCCACCAAAGCTAACATTTTGTACA
ATATTATATTCTGCGAAACGTTCCCCAG
ACCTTCACTAGACCACGTCTATCTTGCT
TCCACAATTGTTGTCCTTGTTTCAGCTGT
GAAAACATCTTTTGTCCATTTAAGTTGGT
TCCAGTTAACTTGGGCTCTTGCAAAATG
CAACCGTTGTGTTTTGTGGAACTCTTGT
AGGCCGTGTTGAATTTAAACCAATCTCT
TTTTCAGCCAAGTCTTCTATTCACTGTTT
TGATACTTGCAGTAACTTGTCTTTTAATC
AGTAATTATTTTTTGAGGTTAGGAGCTGT
GAGTAATGTCTCAAAGATTGAAGGCTCA
AATGTTGGTCATCTCTTGGCGTTGTACA
TCTTTTTCGTTCTTGACTAGGTTGCCGTT
TATATTCTGCAGTTTCATTGTATCACTTT
ATTACATGAGAAATAGGCGATTGATGGA
TACGTAATCTCCGCGCAACATCTTGAGG
TCTGTATATCTTACTGGCTAAAGTAAAAA
TTTAGCACACACAAGTTCGCTTAAATCT
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GGCATATCAGCAAGAGAAGTGCATAATC
AAAAAATAAAACTCTCCAACTGACATTTT
ATTATCAAGAAATAAAAACAATTTTAAGT
CGCCAAAGCACACATTTAATATAAAGCA
ATGTTTTTTAGTGTGTAATATTATTGCAA
TTAAAACTCACAATTAGGTCAAGATAAG
GATATAAAGATCAGAATAGACATAGCTG
GAAAAGGATTTATAAAATACAGGTCAATA
TTTACAAATAAGAAATTGAGTATGCCATT
AGATTGAGGTTCGTCGAATGTTATGTTT
GGTCTCAACTACTATATGGGGTAAAAGC
TTGGATTCTAAAAGCCCAATCCATAAAAA
ACTTGGAGACATTCGAAATGTGGCTACA
TAGGCGTATTCTGAAAATTCCTTGGACT
GCGACAGTCTCAAACGAAGAAGTGTTAA
GAAGAATGGGACATGGCAGGAAGCTTA
TGAACAATGAACATAATTAAAATAAGAAA
AACATCGTATTTGGGCCCCATACTTCGA
AACGATAAATAATACTCTCTGCTACACGT
CATCATGCAAGGAAAAGTAGAGGGGAA
AAAAGGCTTGGGAAGAAAGAAGAAATCT
TGGCTGAGGAATACCAGAGATTGGACTA
ACCTCAGTTTTGAACATATATTTTGTTGT
GAAAACAACAGTTATTTACATTAATTTGC
TTTTATAAAAATATCGCTCTGTAAATCTG
TTGGGACAATCTGTATTGTGTTTAAAATA
TTTAATTCTCTGAAAAACTTGAGTGTAGC
GTTGTGTGTTTCATAAAATATACATCTGC
ATTTTTTATAGTTTCGGGGTAAAAGCAG
GTCATTTTGCCAAAGAAGTGTAACATGT
GTTTGGCCCTTTTCAGGGCGAATGGTGT
AAACTAAACTATCAAAGATAATAGTGCA
GAGATTTGAATAGAATTTCAGTAGTCTCT
TTCTGNN (3,983) 

MSTRG.67375.10 (1) 
Mucin-4 [Pan 
troglodytes](83%;49%) 

Higher (1) 
No hit 

(1)339-1 
LASARTISNKWESGNNQD
DLPTSIVTNPPDAATDSSS
VSPSDSPPEPVTDSSSTA
PTNSPPEPVTDSSSTAPT
DSPPEPVTDSASTAPTDS

TGTTACTGGCTCAGGTGGAGAATCTGTA
GGTGCAGTAGATGATGGATCTGTTACTG
GCTCAGGTGGAGAATCTGTAGGTGCAG
TAGATGCGGAATCTGTTACTGGCTCAGG
TGGAGAATCTGTAGGTGCAGTAGATGAT
GAATCTGTTACTGGCTCAGGTGGAGAAT



 

 

2
83

 

PPEPVTDPSSTAPTDSPP
EPVT (114) 

TTGTAGGTGCAGTAGATGATGAATCTGT
TACTGGCTCAGGTGGAGAATCCGAAGG
TGAAACAGATGAAGAATCAGTCGCTGCA
TCAGGTGGATTAGTTACTATAGAAGTTG
GTAGATCATCTTGATTATTCCCGGACTC
CCATTTATTGCTGATCGTTCTCGCTGAT
GCTAA (339) 
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Table 3. Abundance of transcripts significantly differentially expressed in pyrethroid-

resistant (R-Lab; R-Field) and pyrethroid-susceptible (S-Lab; S-Field) WCR 

populations. 

 

Transcript ID 
Mean transcript abundance (TPM±SE) 

S-Field R-Field S-Lab R-Lab 

MSTRG.24908.1 264.6±114.35 2425.56±335.25     

MSTRG.75696.1 36.54±20.35 429.97±63.84     

MSTRG.24907.1 6.73±4.88 176.18±35.19     

MSTRG.23988.2 0.17±0.12 1.46±0.58     

MSTRG.96000.1 0.32±0.04 2.89±0.48     

MSTRG.84401.1 0.34±0.06 8.10±1.11     

MSTRG.75321.1 1.27±0.62 13.53±2.17     

MSTRG.12727.1     1.22±0.09 2.03±0.10 

MSTRG.12896.1     1.70±0.55 11.52±3.41 

MSTRG.13177.1     222.86±26.74 553.82±36.83 

MSTRG.15366.1     3.25±0.32 5.94±0.45 

MSTRG.16720.3     13.36±2.63 27.92±2.56 

MSTRG.17015.1     65.02±7.21 137.12±11.60 

MSTRG.1766.1     7.49±1.89 1.37±0.33 

MSTRG.1810.1     0.08±0.02 0.45±0.10 

MSTRG.18102.1     12.06±0.67 18.84±0.93 

MSTRG.19112.1     51.31±10.12 2004.09±293.83 

MSTRG.19533.2     9.66±1.86 23.45±2.30 

MSTRG.19832.1     15.18±0.60 9.32±0.61 

MSTRG.20345.1     24.71±2.05 41.71±2.10 

MSTRG.20829.1     8.46±0.74 4.45±0.35 
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MSTRG.22086.2     31.08±1.99 20.05±0.52 

MSTRG.22143.1     41.32±3.73 922.35±146.40 

MSTRG.22917.1     0.33±0.21 2.98±0.30 

MSTRG.22922.1     5.49±1.07 0.63±0.37 

MSTRG.23764.1     5.80±0.44 0.97±0.43 

MSTRG.24781.1     0.01±0.01 1.61±0.10 

MSTRG.24813.1     0.14±0.08 1.05±0.26 

MSTRG.25208.2     7.29±0.56 3.37±0.34 

MSTRG.25260.1     1.42±0.11 3.93±0.49 

MSTRG.25345.1     0.33±0.05 0.72±0.08 

MSTRG.25915.1     19.31±1.23 10.55±0.79 

MSTRG.26270.1     0.44±0.10 0.01±0.01 

MSTRG.2650.1     0.32±0.15 2.95±0.96 

MSTRG.26837.1     16.74±1.38 27.67±1.66 

MSTRG.27946.1     6.79±0.88 13.63±0.71 

MSTRG.2797.2     5.72±0.64 11.53±0.94 

MSTRG.29667.1     2.60±0.36 5.77±0.40 

MSTRG.29792.1     11.76±1.26 23.58±1.90 

MSTRG.29796.1     28.06±2.30 47.82±3.27 

MSTRG.3101.1     0.14±0.03 1.25±0.46 

MSTRG.31399.1     8.86±0.63 5.41±0.31 

MSTRG.34302.1     0.96±0.24 0.06±0.04 

MSTRG.35370.1     4.86±0.45 2.79±0.16 

MSTRG.36287.1     1.39±0.20 3.76±0.34 

MSTRG.36906.4     0.15±0.07 0.90±0.17 

MSTRG.38519.1     3.46±0.56 0.72±0.44 

MSTRG.3860.1     33.30±3.89 65.53±4.10 
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MSTRG.38739.1     6.15±0.94 18.05±2.31 

MSTRG.39053.1     13.01±1.42 24.44±1.47 

MSTRG.39495.1     0.43±0.43 5.70±0.72 

MSTRG.39954.2     3.08±0.28 1.80±0.10 

MSTRG.40228.1     12.05±1.40 23.08±1.47 

MSTRG.40734.1     13.00±0.78 8.40±0.55 

MSTRG.40933.1     1.82±0.17 0.71±0.14 

MSTRG.41828.1     0.11±0.05 5.98±1.02 

MSTRG.41888.1     244.59±16.68 167.60±6.85 

MSTRG.42718.1     1.01±0.09 0.24±0.04 

MSTRG.43013.1     10.25±0.97 19.60±1.72 

MSTRG.43015.1     11.34±1.29 22.66±1.82 

MSTRG.45015.1     4.88±1.26 21.59±3.10 

MSTRG.45573.1     1.00±0.11 2.24±0.27 

MSTRG.48033.1     1.01±0.18 10.65±3.63 

MSTRG.48586.1     9.60±0.68 5.45±0.29 

MSTRG.49163.1     153.26±23.97 343.22±31.15 

MSTRG.50645.3     2.73±0.20 7.19±1.23 

MSTRG.53652.2     6.96±0.81 16.92±1.69 

MSTRG.5480.2     8.55±0.66 17.54±1.48 

MSTRG.55035.1     23.28±2.17 4.88±2.03 

MSTRG.55986.1     3.74±1.31 11.44±1.43 

MSTRG.56151.1     3.94±0.61 0.17±0.17 

MSTRG.58405.1     0.11±0.03 5.18±0.32 

MSTRG.58993.1     1.71±0.71 9.41±1.45 

MSTRG.59366.1     9.48±1.91 377.56±58.73 

MSTRG.60092.1     2.55±1.62 15.51±2.34 
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MSTRG.63174.1     35.38±3.67 995.59±148.87 

MSTRG.65003.2     17.84±0.89 31.80±2.13 

MSTRG.65069.1     0.12±0.05 4.97±0.87 

MSTRG.65512.1     17.06±2.00 38.78±2.60 

MSTRG.66987.1     1.19±0.18 0.12±0.09 

MSTRG.67375.10     0.57±0.12 9.36±3.03 

MSTRG.71693.1     8.61±1.89 406.17±57.47 

MSTRG.75310.1     0.30±0.19 3.70±0.71 

MSTRG.76395.1     0.19±0.10 0.76±0.08 

MSTRG.77164.1     42.51±4.04 6.00±3.12 

MSTRG.78210.1     3.87±0.42 11.38±1.24 

MSTRG.78713.1     448.39±51.86 955.15±72.60 

MSTRG.7894.1     4.83±2.44 31.45±7.57 

MSTRG.79626.1     0.07±0.01 0.25±0.03 

MSTRG.79630.1     0.10±0.02 0.36±0.06 

MSTRG.80801.1     4.64±1.15 25.06±5.97 

MSTRG.81903.1     2.48±0.23 4.43±0.39 

MSTRG.84058.1     0.19±0.13 1.96±0.32 

MSTRG.84584.1     3.72±0.72 10.68±1.04 

MSTRG.87517.1     57.72±4.06 33.36±1.83 

MSTRG.87888.1     3.20±0.35 7.21±0.75 

MSTRG.88057.1     0.25±0.19 4.63±1.14 

MSTRG.89601.1     7.09±0.58 4.41±0.28 

MSTRG.90901.1     1.43±0.14 0.26±0.10 

MSTRG.90902.1     3.08±0.15 6.67±0.39 

MSTRG.91250.2     10.11±0.85 23.72±3.63 

MSTRG.94228.1     0.01±0.01 1.19±0.12 
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MSTRG.94228.2     1.92±0.15 0.02±0.02 

MSTRG.95019.2     6.42±0.93 0.96±0.68 

MSTRG.97619.1     0.12±0.01 0.42±0.07 

MSTRG.9784.1     0.21±0.12 15.56±1.99 

 

 

Vssc1 MTEDSDSISE EERSLFRPFT RESLLQIEQR IA-EHEKQKE LERKRAAEGE ---------- 

ALB   MSVASDSFSE EEVSLFRPFT RESLAAIEAR IAEEHAKQKE LEKKR-AEGE TGFGRRKKKK 

CPB   MSVASDSFSE EERSLFRPFT RESLSAIEAR IAEEHEKQKE LEKKR-AEGE ---------- 

WCR   MSVASDSFSE EERSLFRPFT RESLAVIETR IAEEYAKQKE LEKKR-AEGE ---------- 

 

Vssc1 QIRYDDEDED EGPQPDPTLE QGVPIPVRMQ GSFPPELAST PLEDIDPFYS NVLTFVVISK  

ALB   EIRYEDEDED EGPQPDATLE QGLPIPVRLQ GSFPPELAST PLEDIDPFYH NQMTFVVVSK  

CPB   -IRYEDEDED EGPQPDATLE QGLPLPVRLQ GSFPPELAST PLEDIDPFYH NQMTFVVISK  

WCR   QIRYEDEDED EGPQPDPTLE QGLPIPVRLQ GSFPPELAST PLEDIDPFYH NFQTFVVVSK  

 

Vssc1 GKDIFRFSAS KAMWLLDPFN PIRRVAIYIL VHPLFSLFII TTILTNCILM IMPTTPTVES  

ALB   GKDIFRFSAT NALWILDPFN PIRRVAIYIL VHPLFSLFII TTILVNCILM TMPTTPTVES  

CPB   GKDIFRFSAT NALWILDPFN PIRRVAIYIL VHPLFSLFII TTILVNCILM IMPTTPTVES  

WCR   GKDIFRFSAI NALWILDPFN PIRRVAIYIL VHPLFSLFII TTILVNCILM IMPTTPTVES 

                                             I-S1  

 

Vssc1 TEVIFTGIYT FESAVKVMAR GFILCPFTYL RDAWNWLDFV VIALAYVTMG IDLGNLAALR  

ALB   TEVIFTGIYT FESAVKVMAR GFILQPFTYL RDAWNWLDFV VIALAYVTMG IDLGNLAALR  

CPB   TEVIFTGIYT FESAVKVMAR GYILQPFTYL RDAWNWLDFV VIALAYVTMG ---------- 

WCR   TEVIFTGIYT FESAVKVMAR GFILQPFTYL RDAWNWLDFV VIALAYVTMG IDLGNLAALR  

                 I-S2                                I-S3 

 

Vssc1 TFRVLRALKT VAIVPGLKTI VGAVIESVKN LRDVIILTMF SLSVFALMGL QIYMGVLTQK  

ALB   TFRVLRALKT VAIVPGLKTI VGAVIESVKN LRDVIILTMF SLSVFALMGL QIYMGVLTQK 

CPB   ---------- ---------- ---------- ---------- ---------- ----------  

WCR   TFRVLRALKT VAIVPGLKTI VGAVIESVKN LRDVIILTMF SLSVFALMGL QIYMGVLTQK 

                  I-S4                             I-S5 

 

Vssc1 CIKRFPLDGS WGNLTDENWF LHNSNSSNWF TENDGESYPV CGNVSGAGQC GEDYVCLQGF  

ALB   CIKNFPNDGS WGNLTDENWE RFVSNETNWF FDPDKGEIPL CGNSSGAGQC KPGYTCLQGY 

CPB   ---------- ---------- ---------- ---------- ---------- ----------  

WCR   CVKNFPHDGS WGNLSHENWE RFMDNEANWY VD-ESGDYPL CGNSSGAGQC KPGYTCLQGY 

 

Vssc1 GPNPNYDYTS FDSFGWAFLS AFRLMTQDFW EDLYQHVLQA AGPWHMLFFI VIIFLGSFYL  

ALB   GENPNYGYTS FDTFGWAFLS AFRLMTQDYW ENLYQLVLRS AGPWHMLFFI VIIFLGSFYL 

CPB   ---------- ---------- ---------- ---------- ---------- ---------- 

WCR   GDNPNYGYTS FDTFGWAFLS AFRLMTQDYW ENLYQLVLRS AGPWHMLFFI VIIFLGSFYL  

                                                                  I-S6 

 

Vssc1 VNLILAIVAM SYDELQKKAE EEEAAEEEAI REAEEAAAAK AAKLEERANV AAQAAQDAAD  

ALB   VNLILAIVAM SYDELQKKAE EEEAAEEEAI REAERAAQAK QDRAEARAAA AEESRQAALQ 

CPB   ---------- ---------- ---------- ---------- ---------- ---------- 

WCR   VNLILAIVAM SYDELQKKAE EEEAAEEEAI REAEKAAQAK QDRADARAAA AEEAREAAA-  

 

Vssc1 AA-AAALHPE MAKSPT-YSC ISYELFVGGE KGNDDNNKEK MSIRSVEVES ESVSVIQRQP  

ALB   ASLAAEAGPD IVKSPSDFSC ASYELFVGA- KGHDDNNKEK MSIRSEGLDS VS------EQ 

CPB   ---------- ---------- ---------- ---------- ---------- ----------  

WCR   AALAAENCPD IVKSPSDFSC HSYELFVGQA KGHDDNNKEK MSIRSEGLDS VS------EQ 

 

Vssc1 APTTAPATKV RKVSTTSLSL PGSPFNLRRG SRSSHKYTIR NGRGRFGIPG SDRKPLVLQT  

ALB   RRIPTNPTKM RKVSAASLSL PGSPFNLRRG SRGSHQFTLR NNR-RMVAPP GDRKPLVLST  

CPB   ---------- ---------- ---------- ---------- ---------- SDRKPLVLST  

WCR   RRIPTNPTKM RKVSAVSVSL PGSPFNPRRG SRGSHQFTMR SNR-RMIPPP GDRKPLVLST  
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Vssc1 YQDAQQHLPY ADDSNAVTPM SEENGAIIVP AYYCNLGSRH SSYTSHQSRI SYTSHGDLLG  

ALB   YLDAQEHLPY ADDSNAVTPM SEENGAMVVP IYYANLGSRH SSYTSHASRM SYTSHGDLLG 

CPB   YLDAQEHLPY ADDSNAVTPM SEENGAMVVP MYYANLGSRH SSYTSHASRM SYTSHGDLLG 

WCR   YLDAQEHLPY ADDSNAVTPM SEENGAMVVP IYYANLGKYH ASYTSHASRI SYTSHGDLLC 

 

Vssc1 GMAAMGASTM TKESKLRSRN TRNQSIGAAT NGGSSTAGGG YPDANHKE-Q RDYEMGQDYT 

ALB   GNG----KGM TKESQLRCRS MRN------- --GPAAA-NN FTEFTHRPHR GDYD-GPTGQ 

CPB   GLGGNG-KVM TKESQLRSRS MRN------- --GPATAPNN FREYTPRAYQ GDYE-GPTGQ 

WCR   GLGGTA-KVM TKESQLRNRS LRT---GPPP AATATTTPNN YTEYNHRAHR GDYD-GPTSQ 

 

Vssc1 DEAGKIKHHD NPFIEPVQTQ TVVDMKDVMV LNDIIEQAAG RHSRASERG- --------ED 

ALB   ISEGKLKHLD NPFIDCNQRQ TVVDMKDVMV LNDIIEQAAG RQSGASDHGV SVYLFSAQND 

CPB   TCEGKLKHLD NPFIDSNQRQ TVVDMQDVMV LNDIIEQAAG RQSGASEHGV STYYFSAQND 

WCR   -MEGKIKHLD NPFIDNNQRQ TVVDMKDVMV LNDIIEQAAG RQSGASDHGV SVYYFSAQND 

 

Vssc1 DDEDGPTFKD IALEYILKGI EIFCVWDCCW VWLKFQEWVS FIVFDPFVEL FITLCIVVNT 

ALB   DEEDEPTAKE RLLEFTMRMI DIFCVWDCCS PWLAFQKFVA LIVFDPFVEL FITLCIVVNT 

CPB   GEQEEPTMKE RVLAFIMKVI DIFCVWDCCE PWLVFQKFIA LIVFDPFVEL FITLCIVVNT  

WCR   DEEDEPTVKE RLLAFSMRVI DIFCVWDCCG PWLVFQKFVA LIVFDPFVEL FITLCIVVNT 

                                                               II-S1 

 

Vssc1 MFMAMDHHDM NPELEKVLKS GNYFFTATFA IEASMKLMAM SPKYYFQEGW NIFDFIIVAL 

ALB   LFMALDHHKM DHDLEKALKS GNYFFTATFM IEATMKLVAM SPKYYFQEGW NIFDFIIVTL  

CPB   LFMALDHHNM DKDLDKALKS GNYFFTATFM IEATMKLIAM SPKYYFQEGW NIFDFIIVAL  

WCR   LFMALDHHDM DRNLEKALKS GNYFFTATFM IEATMKLIAM SPKYYFQEGW NIFDFIIVAL  

                                    II-S2 

 

Vssc1 SLLELGLEGV QGLSVLRSFR LLRVFKLAKS WPTLNLLISI MGRTMGALGN LTFVLCIIIF 

ALB   SLVELGLEGV QGLSVLRSLR LLRVFKLAKS WPTLNLLISI MGRTMGALGN LTFVLCIIIF 

CPB   SLLELGLEGV QGLSVLRSFR LLRVFKLAKS WPTLNLLISI MGRTMGALGN LTFVLCIIIF 

WCR   SLLELGLEGV QGLSVLRSFR LLRVFKLAKS WPTLNLLISI MGRTMGALGN LTFVLCIIIF 

             II-S3                                                II-S4 

 

Vssc1 IFAVMGMQLF GKNYIDHKDR FKDHELPRWN FTDFMHSFMI VFRVLCGEWI ESMWDCMYVG 

ALB   IFAVMGMQLF GKNYTDNVDR FPDHDLPRWN FTDVMHSFMI VFRVLCGEWI ESMWDCMLVG 

CPB   IFAVMGMQLF GKNYTDNVDR FLDHELPRWN FTDFMHSFMI VFRVLCGEWI ESMWDCMLVG 

WCR   IFAVMGMQLF GKNFSDNVDR FPDHELPRWN FTDFMHSFMI VFRVLCGEWI ESMWDCMLVG 

                                     II-S5 

 

Vssc1 DVSCIPFFLA TVVIGNLVVL NLFLALLLSN FGSSSLSAPT ADNDTNKIAE AFNRIARFKN 

ALB   DVSCIPFFLA TVVIGNLVVL NLFLALLLSN FGSSSLSAPT ADNDTNKIAE AFDRIGRFIK 

CPB   DVSCIPFFLA TVVIGNFVVL NLFLALLLSN FGSSSLSAPT ADNDTNKIAE AFDRIGRFIK 

WCR   DVSCIPFFLA TVVIGNLVVL NLFLALLLSN FGSSSLSAPT ADNDTNKIAE AFVRIGRFSR 

                     II-S6 

 

Vssc1 WVKRNIADCF KLIRNKLTNQ ISDQPSEHG- ---------D NELELGHDEI MGDGLIKKGM 

ALB   WIKASVSHIA KLIRFKLTNQ ISDQPS---- ------DTRD GGLDIPGDEI LADGIIFKDK  

CPB   WIKASVADIA KLIRFKLTNQ ISDQPSGEGP SNSWNQDPRD GGLDIPGDEI LADGMIFKDK  

WCR   WIKAGVADIA KLIRFKLTNQ ISDQPSGEGP SNLWNQDPRD GGLDIPGDEI LADGTIFKDK 

 

Vssc1 KG-ETQLEVA IGDGMEFTIH GDMKNN--KP KKSKFMNNTT MIGNSINHQD NRLEHELNHR 

ALB   KSPKDRLEVT IGDGMEFTIH GDSKTNLKRG KNINNINKSK TIGNSILDHG EFLGH-----  

CPB   KSPKDRLEVT IGDGMEFTIH GDSKTNLKRG KNISNINKSK TIGNSILDHS DFLGH-----  

WCR   KSPKDRLEVT IGDGMEFTIH GDSKTNIKRA KN--AISK-K TLGNSILEHG DFLGH-----  

           

Vssc1 GLSIQDDDTA SINSYGSHKN RPFKDESHKG SAETIEG-EE KRDVSKEDLG LDEELDEEAE 

ALB   ----LEDDEI SNKSYGSHKH R-FKDESHKG SADVLDEHEE KRDASKEELG IDEELDEDEC  

CPB   ----LDDDEI SNKSYGSHKH R-FRDESHKG SAVVLDDQEE KRDASKEELG IDEEMEEDEY  

WCR   ----LDDDEI SNKSYGSHKH R-FKDESHKG SADVLDDQEE KRDASKEELG IDEEL-EDEC           

 

Vssc1 GDEGQLDGDI IIHAQNDDEI IDDYPADCFP DSYYKKFPIL AGDEDSPFWQ GWGNLRLKTF 

ALB   DCQGPLDEDL ILDAATDDVI IDEYSADCFP EKCYKKFPFL AGDDDSPFWQ GWANLRYKTF  

CPB   DCQGALEDD- IIDAVTDDII IDEYSADCFP EKCYKKFPFL AGDDDSPFWQ GWANLRFKTY  

WCR   DCQGPLDEDL IIDAATEDII IDEYSADCFP EKCYKKFPFL AGDEDSPFWQ GWGNLRYKTF  

 

 

Vssc1 QLIENKYFET AVITMILMSS LALALEDVHL PDRPVMQDIL YYMDRIFTVI FFLEMLIKWL 
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ALB   RLIENKYFET AVITMILLSS LALALEDVHL SQRPILQDIL YYMDRIFTVI FFFEMLIKWL 

CPB   KLIENKYFET AVITMILLSS LALALEDVHL SSRPILQDIL YYMDRIFTVI FFFEMLIKWL 

WCR   QLIENKYFET AVITMILLSS LALALEDVHL SARPILQDIL YYMDRIFTVI FFFEMLIKWL 

                    III-S1                                     III-S2 

 

Vssc1 ALGFKVYFTN AWCWLDFVIV MLSLINLVAV WSGLNDIAVF RSMRTLRALR PLRAVSRWEG 

ALB   ALGFQKYFTN AWCWLDFIIV MVSLINFVAS LCGAGGIQAF KTMRTLRALR PLRAMSRMQG 

CPB   ALGFQKYFTN AWCWLDFVIV MVSLINFVAS LCGAGGIQAF KTMRTLRALR PLRAMSRMQG 

WCR   AMGFQKYFTN AWCWLDFLIV MVSLINFVAS LAGAGGIQAF KTMRTLRALR PLRAMSRMQG 

                                       III-S3        

                         *(L1422) 

Vssc1 MKVVVNALVQ AIPSIFNVLL VCLIFWLIFA IMGVQLFAGK YFKCKDGNDT VLSHEIIPNR 

ALB   MRVVVNALVQ AIPSIFNVLL VCLIFWLIFA IMGVQLFAGK YYKCVDNNKT TLSYEIIPDY 

CPB   MRVVVNALVQ AIPSIFNVLL VCLIFWLIFA IMGVQLFAGK YYKCVDNNKS VLSFEIIPDY 

WCR   MRVVVNALVQ AIPSIFNVLL VCLIFWLIFA IMGVQLFAGK YYKCVDSNKT TLSYEIIPDV 

                      III-S4  

 

Vssc1 NACKSENYTW ENSAMNFDHV GNAYLCLFQV ATFKGWIQIM NDAIDSREVD KQPIRETNIY 

ALB   NACKAENYTW DNSRMNFDHV GKAYLCLFQV ATFKGWIQIM NDAIDSRETN KQPIRETNIY 

CPB   NACKAENYSW DNSPMNFDHV GKAYLCLFQV ATFKGWIQIM NDAIDSRELN KQPIRETNIY 

WCR   NACKAENYTW DNSPMNFDHV GKAYLCLFQV ATFKGWIQIM NDAIDSREVR KQPIRETNIY 

                                    III-S5 

                                           *(I1558) 

Vssc1 MYLYFVFFII FGSFFTLNLF IGVIIDNFNE QKKKAGGSLE MFMTEDQKKY YNAMKKMGSK 

ALB   MYLYFVFFII FGSFFTLNLF IGVIIDNFNE QKKKAGGSLE MFMTEDQKKY YNAMKKMGSK 

CPB   MYLYFVFFII FGSFFTLNLF IGVIIDNFNE QKKKAGGSLE MFMTEDQKKY YNAMKKMGSK 

WCR   MYLYFVFFII FGSFFTLNLF IGVIIDNFNE QKKKISIQLE MFMTEDQKKY YNAMKKMGSK 

                    III-S6 

                                           

Vssc1 KPLKAIPRPR -WRPQAIVFE IVTDKKFDII IMLFIGLNMF TMTLDRYDAS EAYNNVLDKL 

ALB   KPMKAIPRPR -WRPQAIVFE IVTNKKFDMI IMLFIGLNML TMTMDHYQQK ETFTKVLDYL 

CPB   KPMKAIPRPR -WRPQAIVFE IVTNKKFDMF IMLFIGLNML TMTMDHYQQK ETFTKVLDYL 

WCR   KPMKAIPRPR QWRPQAIVFE IVTNKKFDMI IMLFIGLNML TMTMDHYKQK ETFTKVLDYL 

                                           IV-S1 

 

Vssc1 NGIFVVIFSG ECLLKIFALR YHYFKEPWNL FDVVVVILSI LGLVLSDIIE KYFVSPTLLR 

ALB   NMIFIVIFST ECLMKVFALR YHYFTEPWNL FDLVVVILSI LGLVLSDIIE KYFVSPTLLR 

CPB   NMIFIVIFST ECLMKVFALR YHYFTEPWNL FDLVVVILSI LGLVLSDIIE KYFVSPTLLR 

WCR   NMIFIVIFST ECLMKVFALR YHYFTEPWNL FDLVVVILSI LGLVLSDIIE KYFVSPTLLR 

                IV-S2                           IV-S3 

 

Vssc1 VVRVAKVGRV LRLVKGAKGI RTLLFALAMS LPALFNICLL LFLVMFIFAI FGMSFFMHVK 

ALB   VVRVAKVGRV LRLVKGAKGI RTLLFALAMS LPALFNICLL LFLVMFIFAI FGMSFFMHVK 

CPB   VVRVAKVGRV LRLVKGAKGI RTLLFALAMS LPALFNICLL LFLVMFIFAI FGMSFFMHVK 

WCR   VVRVAKVGRV LRLVKGAKGI RTLLFALAMS LPALFNICLL LFLVMFIFAI FGMSFFMHVK 

                                                    IV-S4 

 

Vssc1 EKSGINAVYN FKTFGQSMIL LFQMSTSAGW DGVLDAIINE EDCDPPDNDK GYPGNCGSAT 

ALB   DKSGLDDVYN FKTFGQSMIL LFQMSTSAGW DGVLDGIINE EDCKQPDNEI GETGNCGNST 

CPB   DKSGLDDVYN FKTFGQSMIL LFQMSTSAGW DGVLDGIINE EECKQPDNEI GETGNCGNST 

WCR   NKSGLDDVYN FKTFGQSMIL LFQMSTSAGW DGVLDGIINE EDCKQPDNEI GETGNCGNST  

                                 IV-S5 

 

Vssc1 VGITFLLSYL VISFLIVINM YIAVILENYS QATEDVQEGL TDDDYDMYYE IWQQFDPEGT 

ALB   IGIAFLLSYL VISFLIVINM YIAVILENYS QATEDVQEGL TDDDYDMYYE IWQQFDPDGT 

CPB   IGIIFLLSYL VISFLIVINM YIAVILENYS QATEDVQEGL TDDDYDMYYE IWQQFDPDGT 

WCR   IGIAFLLSYL VISFLIVINM YIAVILENYS QATEDVQEGL TDDDYDMYYE IWQQFDPDGT 

                    IV-S6 

 

Vssc1 QYIRYDQLSE FLDVLEPPLQ IHKPNKYKII SMDMPICRGD MMYCVDILDA LTKDFFARKG 

ALB   QYIRYDQLSD FLDVLEPPLQ IHKPNKYKIV SMDIPICKGD LMFCVDILDA LTKDFFARKG 

CPB   QYIRYDQLSD FLDVLEPPLQ IHKPNKYKIV SMDIPICKGD LMFCVDILDA LTKDFFARKG 

WCR   QYIRYDQLSD FLDVLESPLQ IHKPNKYKIV SMDIPICKGD LMFCVDILDA LTKDFFARKG 

 

Vssc1 NPIEETGEIG EIAARPDTEG YDPVSSTLWR QREEYCAKLI QNAWRRYKNG PPQEGDEGEA 

ALB   NAIEETAELA EVQGRPNEAG YEPVSSTLWR QREEYCARLI QNAWRKHKRN R--------- 

CPB   NAIEETAELA EVQGRPNEAG YEPVSSTLWR QREEYCARLI QNAWRKHKRN R--------- 

WCR   NAIEETAELA EVQGRPNEVG YEPVSSTLWR QREEYCARLI QNAWRKHKRN R--------- 
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Vssc1 AGGEDGAEGG EGEGGSGGGG GDDGGSATGA TAAAGATSPS DP-DAGEADG ASVGGPLSPG 

ALB   ---------- --------GG ATD------- ---------- QS-DEGEVDG ---------- 

CPB   ---------- --------GG ATD------- ---------- QS-DEGEADV ---------- 

WCR   ---------- --------GG ATD------- ---------- QSGDEGDIDG ---------- 

           

Vssc1 CVSGGSNGRQ TAVLVESDGF VTKNGHKVVI HSRSPSITSR TADV 

ALB   --EGEPEARQ TAVLVE---- --RNGHKVVI HSRTPSISSR SADV 

CPB   --EGELEARQ TAVLVE---- --RNGHKVVI HSRTPSISSR TADV 

WCR   --EGELEARQ TAVLVE---- --RNGHKVVI HSRTPSISSR TADV 

Figure 1. Multiple alignment of the voltage-gated sodium channel amino acid 

sequences of housefly (Vssc1), Asian longhorned beetle (ALB), Colorado 

potato beetle (CPB) and western corn rootworm (WCR). Shadowed sequences 

represent predicted sodium channel domains structures (I-IV) and 

transmembrane segments (S1-S6). Amino acids marked with * and a box 

represent the locations L1422 and I1558 in Vssc1 where non-synonymous 

substitutions were investigated in WCR. 

 

 

MSVASDSFSE EERSLFRPFT RESLAVIETR IAEEYAKQKE LEKKRAEGEQ 50 

IRYEDEDEDE GPQPDPTLEQ GLPIPVRLQG SFPPELASTP LEDIDPFYHN 100 

FQTFVVVSKG KDIFRFSAIN ALWILDPFNP IRRVAIYILV HPLFSLFIIT 150 

TILVNCILMI MPTTPTVEST EVIFTGIYTF ESAVKVMARG FILQPFTYLR 200 

DAWNWLDFVV IALAYVTMGI DLGNLAALRT FRVLRALKTV AIVPGLKTIV 250 

GAVIESVKNL RDVIILTMFS LSVFALMGLQ IYMGVLTQKC VKNFPHDGSW 300 

GNLSHENWER FMDNEANWYV DESGDYPLCG NSSGAGQCKP GYTCLQGYGD 350 

NPNYGYTSFD TFGWAFLSAF RLMTQDYWEN LYQLVLRSAG PWHMLFFIVI 400 

IFLGSFYLVN LILAIVAMSY DELQKKAEEE EAAEEEAIRE AEKAAQAKQD 450 

RADARAAAAE EAREAAAAAL AAENCPDIVK SPSDFSCHSY ELFVGQAKGH 500 

DDNNKEKMSI RSEGLDSVSE QRRIPTNPTK MRKVSAVSVS LPGSPFNPRR 550 

GSRGSHQFTM RSNRRMIPPP GDRKPLVLST YLDAQEHLPY ADDSNAVTPM 600 

SEENGAMVVP IYYANLGKYH ASYTSHASRI SYTSHGDLLC GLGGTAKVMT 650 

KESQLRNRSL RTGPPPAATA TTTPNNYTEY NHRAHRGDYD GPTSQMEGKI 700 

KHLDNPFIDN NQRQTVVDMK DVMVLNDIIE QAAGRQSGAS DHGVSVYYFS 750 

AQNDDEEDEP TVKERLLAFS MRVIDIFCVW DCCGPWLVFQ KFVALIVFDP 800 

FVELFITLCI VVNTLFMALD HHDMDRNLEK ALKSGNYFFT ATFMIEATMK 850 
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LIAMSPKYYF QEGWNIFDFI IVALSLLELG LEGVQGLSVL RSFRLLRVFK 900 

LAKSWPTLNL LISIMGRTMG ALGNLTFVLC IIIFIFAVMG MQLFGKNFSD 950 

NVDRFPDHEL PRWNFTDFMH SFMIVFRVLC GEWIESMWDC MLVGDVSCIP 1000 

FFLATVVIGN LVVLNLFLAL LLSNFGSSSL SAPTADNDTN KIAEAFVRIG 1050 

RFSRWIKAGV ADIAKLIRFK LTNQISDQPS GEGPSNLWNQ DPRDGGLDIP 1100 

GDEILADGTI FKDKKSPKDR LEVTIGDGME FTIHGDSKTN IKRAKNAISK 1150 

KTLGNSILEH GDFLGHLDDD EISNKSYGSH KHRFKDESHK GSADVLDDQE 1200 

EKRDASKEEL GIDEELEDEC DCQGPLDEDL IIDAATEDII IDEYSADCFP 1250 

EKCYKKFPFL AGDEDSPFWQ GWGNLRYKTF QLIENKYFET AVITMILLSS 1300 

LALALEDVHL SARPILQDIL YYMDRIFTVI FFFEMLIKWL AMGFQKYFTN 1350 

AWCWLDFLIV MVSLINFVAS LAGAGGIQAF KTMRTLRALR PLRAMSRMQG 1400 

MRVVVNALVQ AIPSIFNVLL VCLIFWLIFA IMGVQLFAGK YYKCVDSNKT 1450 

TLSYEIIPDV NACKAENYTW DNSPMNFDHV GKAYLCLFQV ATFKGWIQIM 1500 

NDAIDSREVR KQPIRETNIY MYLYFVFFII FGSFFTLNLF IGVIIDNFNE 1550 

QKKKISISLE MFMTEDQKKY YNAMKKMGSK KPMKAIPRPR QWRPQAIVFE 1600 

IVTNKKFDMI IMLFIGLNML TMTMDHYKQK ETFTKVLDYL NMIFIVIFST 1650 

ECLMKVFALR YHYFTEPWNL FDLVVVILSI LGLVLSDIIE KYFVSPTLLR 1700 

VVRVAKVGRV LRLVKGAKGI RTLLFALAMS LPALFNICLL LFLVMFIFAI 1750 

FGMSFFMHVK NKSGLDDVYN FKTFGQSMIL LFQMSTSAGW DGVLDGIINE 1800 

EDCKQPDNEI GETGNCGNST IGIAFLLSYL VISFLIVINM YIAVILENYS 1850 

QATEDVQEGL TDDDYDMYYE IWQQFDPDGT QYIRYDQLSD FLDVLESPLQ 1900 

IHKPNKYKIV SMDIPICKGD LMFCVDILDA LTKDFFARKG NAIEETAELA 1950 

EVQGRPNEVG YEPVSSTLWR QREEYCARLI QNAWRKHKRN RGGATDQSGD 2000 

EGDIDGEGEL EARQTAVLVE RNGHKVVIHS RTPSISSRTA DV         2042 

 

Figure 2. Amino acid sequence of WCR voltage-gated sodium channel. 
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