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Abstract 

 

Pati, Supriya Priyadarshini. MS. The University of Memphis. 07/2012. Annotation of 

cytochrome P450 genes in Harmonia axyridis and a comparative study of CYP genes in 

Harmonia axyridis and Tribolium castaneum. Major Professor: Dr. Duane D. McKenna. 

 

Our knowledge of beetle cytochrome P450 (CYP) genes was primarily obtained from 

studies of the model beetle and grain pest Tribolium castaneum. To gain additional 

insight into beetle CYPs and ultimately to inform our understanding of beetle CYP 

evolution, we identified and annotated all of the CYP genes present in a new draft 

genome of Harmonia axyridis by using traditional and automated methods for gene 

annotation. Overall, we identified somewhat fewer CYPs in H. axyridis (at least 94 genes 

and 3 pseudo genes representing 17 families and 42 subfamilies) compared to the number 

of known CYPs in T. castaneum (137 plus 2 slight variants and 10 pseudogenes). The H. 

axyridis CYPs could be divided into 4 distinct clans: Mito, CYP2, CYP3 and CYP4. The 

phylogeny of the CYPs from these species reveals that the Mito, CYP2, CYP3, and 

CYP4 clans are major (monophyletic) groups with strong support for most relationships 

and illustrates the presence of CYP “blooms” in T. castaneum that are lacking in H. 

axyridis. Several additional CYPs that are present in H. axyridis are missing in T. 

castaneum. The Mito clan of H. axyridis contains 6 genes in 5 families and 6 subfamilies. 

We found 7 genes in the CYP2 clan with 5 families and 6 sub-families. We found 2 

distinct families (4 and 349) and a minimum of 22 genes in the CYP4 clan in H. axyridis. 

Interestingly, both H. axyridis and T. castaneum carry CYP4G genes, which are 

candidate resistance genes for insecticides, including permethrins. The function of 

CYP4G was associated with pesticide resistance. The CYP3 clan has 59 genes in 5 
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families in H. axyridis: CYP6, CYP9, CYP345, CYP435 and CYP436. These 5 families 

in CYP3 are classified into at least 21 subfamilies. Our work focused on the automated 

annotation of CYP genes involved several software programs, the most efficient and 

sensitive of which were Augustus, GenScan and Fgenesh. Although it is likely that a few 

CYP genes remain to be identified in the H. axyridis genome, our ongoing work suggests 

that the vast majority of CYPs have been identified. 
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Introduction 

 

The identification and annotation of cytochrome P450 (CYP) genes in the beetle 

Harmonia axyridis (Coleoptera: Coccinellidae), the Asian multicolored ladybug, using 

traditional methods and automated gene annotation tools were the primary objectives of 

this thesis. The CYPs identified were also compared and contrasted with those in the 

genome of Tribolium castaneum (Coleoptera: Tenebrionidae), the red flour beetle, the 

only annotated beetle genome available to date (T. castaneum Genome Sequencing 

Consortium 2008). An assembly of the H. axyridis genome, based on next-generation 

(next-gen) DNA sequence data, served as the basis for an annotation and comparative 

study. The process of gene annotation has undergone several notable modifications over 

the last 30 years. For example, with the development of new time-efficient and less 

memory-intensive algorithms, interest in automated gene annotation has grown. 

Traditional gene cDNA mapping is no longer the primary means employed to annotate 

genomes (Brent et al. 2005; Carvajal et al. 2010; Nielsen et al. 2010; Petty et al. 2010).  

However, challenges associated with simulated annotation include the accuracy 

and sensitivity of the protocol followed and the sensitivity of the computational tools 

(software) used. Therefore, it is helpful to use as many different protocols as possible to 

compare results and thereby take advantage of the strengths of each approach while 

ameliorating their weaknesses. The method of gene annotation we used is semiautomated 

and has a higher confidence limit for achieving optimal accuracy than fully automated 

annotation protocols. Therefore, in the current genome project, we focused on obtaining 
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the most accurate annotation of CYP genes, and then we compared the output of 

traditional annotation with that from automated annotation tools (Singh et al. 2000). 

The CYP genes of insects play numerous and important physiological roles. The 

CYPs that regulate an essential biochemical pathway related to development and 

metamorphosis are known as Halloween genes in insects. They function specifically at 

the cellular level in different developmental stages of insects such as embryonic 

development, larval development, pupal development and reproduction (Parish et al. 

2002; Petryk et al. 2003; Inoue et al. 2004; Namiki et al. 2005; Parvy et al. 2005; Ono et 

al. 2006). CYPs encoded by the Halloween genes are members of the CYP 2 and Mito 

clans (Nelson et al. 2006). The biosynthesis of 20E (an important insect growth hormone) 

from cholesterol occurs through a series of oxidation reactions involving Halloween 

genes. CYP307A1 (Spook) and CYP307A2 (Spookier) are expressed at different 

developmental stages. However, they are alleged to mediate the same enzymatic reaction 

(Ono et al. 2006). CYP307A1 and CYP307A2 play vital roles in the formation of 7-

dehydrocholesterol (7dC) by directing an uncharacterized series of oxidations known as 

the Black Box (Namiki et al. 2005; Ono et al. 2006). CYP307B1 (Spookiest) is a member 

of the same family. The Halloween genes in Drosophila erecta, D. virilis and D. 

willistoni, CYP307A1 (Spook), CYP307A2 (Spookier), CYP307B1 (Spookiest), 

CYP306A1 (Phantom), CYP302A1 (Disembodied), CYP315A1 (Shadow), and 

CYP314A1 (Shade), are observed to have consensus regions. In studies of the intron-

exon boundaries of different insects, it was observed that specific conserved introns were 

located at the same position and in the same phase (CYP302A1 (Disembodied), 

CYP306A1 (Phantom), CYP314A1 (Shade) and CYP315A1 (Shadow) as single-copy 
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orthologs of different insect species (Savard et al. 2006). Ecdysone receptors (EcRs) 

comprise an interesting and important class of nuclear receptors because they serve as 

receptors for insect molting hormones. Studies have revealed that the nonsteroidal 

ecdysteroid synthetic agonists for EcR could disrupt molting and function as safe 

pesticides. Hence, they have potential applications in pest management and medicine 

(Fahrbach et al. 2012). 

 

Automated Gene Annotation 

 

Gene annotation involves processing the functional elements of a genetic region 

including exons and functional segments of introns (Brent et al. 2005). In the past, the 

gene annotation process was more experimental, but with increasing genomic research 

and advances in technology, the annotation process was gradually automated. After 

sequencing the human genome and the introduction of large-scale high-throughput 

sequencing techniques, most genomic research protocols were automated, including gene 

annotation. Detecting regions such as the pre-exonic region (e.g., transcription regulatory 

region, transcription start site) remains challenging for de novo genome annotation 

projects (Nielsen et al. 2010). 

For gene annotation using next-gen DNA sequence data, the gene annotation 

process can be broadly classified into 2 categories: (i) Structural annotation of the gene, 

including exons, introns, untranslated regions and splice forms; and (ii) Functional 

annotation, detailing the involvement of specific genes in different biological, molecular 

and cellular processes and the detection of specific expression sites. Further, the 
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structural annotation processes can be broadly classified as (i) ab initio gene predictions, 

(ii) expressed sequence tag (EST) matching and (iii) protein homology. 

The problems of gene identification and the prediction of functional gene regions 

in genomic DNA sequences by computational means have attracted considerable 

attention (Mathe et al. 2002). With access to reliable computational tools to locate 

functionally significant regions within numerous genes, automated characterization of 

genomic sequences is of the utmost importance for large-scale sequence annotation, e.g., 

as part of a genome project. Automated annotation focuses on specific features; for 

example, protein coding genomic sequences exhibit characteristic features that 

distinguish them from noncoding sequences. The uneven usage of both amino acids and 

synonymous codons in existing proteins imposes constraints on the interpretation of 

nucleotide coding sequences. The asymmetrical usage of oligonucleotides, redundancy 

and short-range correlations constrains gene-coding sequences. Global computational 

searches using content methods were performed to exploit the existence of such 

constraints and statistically measure the coding potential of DNA sequences (Fickett et al. 

1992; Gelfand et al. 1995). It has also long been known that DNA encodes sequence 

signals that instruct the cellular machinery in the pathway, leading from DNA to amino 

acid sequences. Among others, promoter motifs regulate the transcription of the genomic 

DNA regions encoding individual proteins, and splice sites direct the removal of introns 

in the primary RNA transcript to produce the mature mRNA sequences. Start and stop 

codons delimit the portion of the mRNA sequence that will finally be translated into 

amino acid sequences. Different advanced computational techniques known globally as 

search-by-signal methods have been developed to define and locate the signals in the 
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DNA sequences involved in gene specification (Gelfand et al. 1995). Neither seeking by 

signal nor by content can elucidate the complex and variable genomic structure of the 

genes of higher eukaryotic organisms encoded primarily by a number (sometimes large) 

of small coding portions (exons) separated by larger intervening noncoding sequences 

(introns). With statistical coding measures, their value cannot always be unequivocally 

interpreted. Often, noncoding sequences exhibit features typical of coding sequences and 

vice versa. In addition, in specific cases in which a large fraction of higher eukaryotic 

coding exons are incomplete (in short fragment form), statistical measures will provide 

less meaningfully computed output. Additionally, the DNA sequence signals involved in 

gene prediction are ill defined in some groups of organisms, and they appears to be less 

accurately interpreted with unspecific models. Further, the current algorithms executed in 

gene detection software use heuristic algorithms to distinguish the signals present. In 

reality, this makes the output challenging to interpret. Gelfand (1990) and Fields and 

Soderlund (1990) pioneered computer programs designed to integrate search-by-signal 

and search-by-content methods. Such programs have the objectives of both gathering 

potential coding regions in anonymous DNA sequences and producing (in principle) full 

predictions of the (exonic) structure of the genes potentially encoded by the DNA 

sequences. After these programs were introduced, a number of programs that use these 

techniques were developed (Kel et al. 1995; Fickett et al. 1996). Recently developed 

programs employ information from sequence similarity database searches. These 

programs are routinely used in genome centers to study processed DNA sequences, and 

they have contributed in numerous cases to the discovery and characterization of new 

genes. However, their success in processing large, uncharacterized genomic sequences of 
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higher eukaryotic organisms is indefinite or moderate (Burset et al. 1996). Thus, the 

predictions of such programs are not usually certain unless they are supported by 

additional evidence derived from similarly known EST amino acid sequences or 

experimental results. In prokaryotic organisms and yeast, computational simulations have 

substantially contributed to annotation through automated genome analysis (Borodovsky 

et al. 1993). Automated sequence annotation or automated identification of protein 

coding genes and elucidation of their structure remained impractical and inconsistent for 

the genomes of high eukaryotic organisms. However, reliable computational tools or 

software could substantially reduce the cost required to interpret the vast amount of data 

produced by genome projects. The tools or software could also reduce the cost of the 

projects themselves. Considerable effort is being devoted to developing increasingly 

accurate computational techniques for the detection of genes and their structure. 

Consequently, gene structure prediction programs are evolving into complex and 

sophisticated heterogeneous systems for the automated annotation of genomic sequences, 

and these programs utilize sequence statistics, signal identification and similarity to 

known database sequences. Such systems could be useful for both the analysis of existing 

genomes and gene and genome engineering. Although emphasis in computational gene 

identification is directed toward specific applications, e.g. developing increasingly 

powerful tools for automated sequence analysis and annotation, computational gene 

identification also addresses a fundamental biological problem: the problem of 

elucidating the “computation” occurring in the cell that outputs protein sequences from 

inputted DNA sequences. From this perspective, rather than attempting to locate likely 

coding exons by discovering sequence composition biases or database homologues, the 
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problems in attempting to elucidate gene structure are addressed by understanding and 

replicating it “in silico.” The rules governing how the DNA sequence signals are involved 

in the specification of the genes are recognized and processed during such a “cellular 

computation.” In this thesis, the accuracy of a number of currently available gene 

structure prediction programs will be reviewed. Then, the DNA sequence signals 

involved in gene specification are demonstrated to carry substantial amounts of 

information, and it will be revealed that even simple methods of processing such 

information results in the prediction of gene structures that are comparable, to some 

extent, with those obtained using other, more sophisticated methods. 

 

Metagenomic Studies of Gene Annotation 

 

The process of gene annotation has undergone many changes with the development and 

growth of modern genomic research, starting in the 1970s with Sanger sequencing (Sanger et al. 

1975, 1977) and Maxam-Gilbert dye terminator sequencing (Donis-Keller et al. 1977; Perler et al. 

1980; Maxam et al. 1986). This was followed by capillary sequencing (Swerdlow et al. 1991) and 

most recently by high-throughput silicon chip sequencing. With each of these advancements, 

sequencing has become less expensive and more efficient (Miller et al. 2008). The accuracy of 

traditional dye terminator sequencing is typically the benchmark against which other (and often 

newer) approaches are measured. High-throughput sequencers tend to have tradeoffs between the 

time interval for sequencing and read length (accuracy and quality). With the advancement of 

high-throughput DNA sequencing, we are approaching a platinum era of sequencing in which 

sequencing a human genome for $1000 will soon be possible (Locali-Fabris et al. 2006). In 
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Table 1.1, we present the different genome sequencers and the basic principles on which 

they are based. For this project, we used data from an Illumina Hi-Seq 2000 sequencer. 

           

            

   

Table 1.1. The development of next-gen high-throughput DNA sequencing techniques 

over time. The first column from the left shows the high-throughput sequencing 

techniques, the second column shows the year of their introduction, the third column 

shows the methodology and approach followed and the fourth column includes references 

to the relevant literature.  

High-throughput 

Sequencing 

Genome 

Era 
Methodology Reference(s) 

 Massively 

Parallel 

Signature 

Sequencing 

1990 
Adapter ligation followed by 

adapter decoding 
Brenner et al. 2000 

Polony 

sequencing 
2005 

Paired-end tag (PET) library, 

emulsion PCR, cost is 1/10
th
 that 

of Sanger sequencing, > 

99.9999% accuracy. 

Shendure et al. 2005 

454 

pyrosequencing 
2005 

Emulsion PCR primer-coated 

bead 

Margulies et al. 2005; 

Schuster et al. 2008 

Illumina (Solexa) 2008 
Reversible dye terminators bridge 

amplification 
Mardis et al. 2008 

SOLiD 2008 Sequencing by ligation Schuster et al. 2008 

Helioscope 2008 True single-molecule sequencing Harris et al. 2008 

SMRT 2008 
Zero-mode waveguides  

technology 

Foque et al. 2008; 

Korlach et al. 2008 

Nanopore 

 

2009 

 

Electrical signal-based alpha-

hemolysin pore binding 

technology 

Clarke et al. 2009 

 

VisiGen 

 

2009 

 

Fluorescent dye-based 

(fluorescent resonant energy 

transfer technology) 

http://www.bio-

itworld.com/news/01/13/

10/Visigen-founder-sues-

Life-Technologies.html 

           

            

   

http://www.bio-itworld.com/news/01/13/10/Visigen-founder-sues-Life-Technologies.html
http://www.bio-itworld.com/news/01/13/10/Visigen-founder-sues-Life-Technologies.html
http://www.bio-itworld.com/news/01/13/10/Visigen-founder-sues-Life-Technologies.html
http://www.bio-itworld.com/news/01/13/10/Visigen-founder-sues-Life-Technologies.html
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Table 1.1. The development of next-gen high-throughput DNA sequencing techniques 

over time 

High-throughput 

Sequencing 

Genome 

Era 
Methodology Reference(s) 

DNA nanoball 

sequencing 

 

2010 

Rolling circle replication 

Amplification of small fragments 

of genomic DNA into DNA 

nanoballs 

Drmanac et al. 2010; 

Porreca et al. 2010 

Ion 

semiconductor 
2011 Detection of hydrogen ions Rusk et al. 2011 

Single-molecule 

real-time 

sequencing 

2011 

 

RNA polymerase, polystyrene 

bead technology 
Pareek et al. 2011 

           

            

  

The rapidly advancing technology of next-gen DNA sequencers facilitates the 

acquisition of large quantities of data. In addition, this technology enables us to sequence 

an entire genome in a more cost-effective and time-efficient manner (Ridley et al. 2008). 

This facilitates the scientific study of genomes. In the last 2–3 years, several high-

throughput DNA sequencers have gained widespread use. These include The Roche 454, 

Illumina, Life Tech SOLiD and Pacific Biosciences (PacBio) sequencers. These DNA 

sequencers have their advantages and disadvantages (Kircher et al. 2010) with regard to 

their computational burden and support, economic aspects (e.g., cost/base) and 

experimental limitations. These factors influence the final choice of genome researchers 

(Metzker et al. 2010). Next-gen sequencers such as Illumina can be used to generate 

paired-end DNA sequences by exploiting PET sequencing and the reversible dye 

terminator technique (Fullwood et al. 2009).  

The Illumina technology begins with adapter ligation followed by fixation of the 

genome sequence to the substrate, library amplification by local in situ PCR and 
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sequence amplification using fluorophore-labeled chain terminators (Bennett et al. 2005). 

Sequences obtained by Illumina sequencing are usually 180–200 nucleotides long, but 

technology improvements are expected to make longer read lengths possible and allow 

more data to be generated in a shorter timeframe. Advantages of the Illumina technique 

include the large amount of data produced (600 gigabase pairs total per run) with greater 

than 99% sequencing accuracy 

(http://www.illumina.com/truseq/quality_101/quality_scores.ilmn) in approximately 11 

days (runtime is scaled in days). However, the read length can be increased by increasing 

the runtime. The sequencing practice is modified to have an optimal balance between 

read length and run time per cost with consideration of low-complexity regions and 

sequence repeats. There is an advantage in generating large amounts of data, but along 

with these data, there is also a drawback due to the requirements for storage space (Hsi-

Yang et al. 2011).  

 

Brief Overview of Next-gen Assemblers  

 

The next-gene massively parallel sequencing platforms such as the Illumina 

Genome Analyzer (Bentley et al. 2006), Applied Biosystems SOLiD System and Helicos 

BioSciences HeliScope (Harris et al. 2008) initiated a new genomic era by generating 

high-quality data, i.e., >6 kilobase (kB) of data. However, they all have the drawback of 

producing short reads (shorter than the Sanger reads). The Illumina system generates 

short read lengths of 180–200 bp, which is substantially shorter than Sanger sequencer 

reads (500–1000 bp; Shendure et al. 2004). Moreover, their accuracy is suboptimal if the 



 
 

11 
 

quality of the genomic sequence is not high, which in turn has raised concerns about their 

accuracy in producing large assembled contigs of genomes. However, the generation of 

large quantities of data facilitates many lines of research, such as SNP detection and 

reference genome studies (Sachidanandam et al. 2001; Wang et al. 2011). Studies of 

insertions, deletions and mutations leading to structural variations of proteins and the de 

novo assembly of individual genomes benefit from the longer read lengths of different 

sequencers such as the 454 system. Sanger sequencing technology is still the preferred 

method for generating reference genomes because of its read length and accuracy. Sanger 

sequencing is not economical for large genome projects. 

The development of de novo assembly methods for short reads facilitated the 

building of reference sequences for unexplored genomes in a more cost-effective manner 

than traditional Sanger sequencing, helping researchers to conduct different de novo 

analyses. Software such as ARACHNE (Batzoglou et al. 2002), Phrap 

(http://www.phrap.org), Atlas (Havlak et al. 2004), Celera assembler (Meyer et al. 1997), 

RePS (Wang et al. 2002), PCAP (Warren et al. 2006) and Phusion (Mullikin et al. 2003), 

are well-established de novo assemblers for whole-genome shotgun sequencing projects. 

The genome assemblies are based on an overlapping layout for all short reads. However, 

recording the sequence overlaps requires a substantial amount of computer memory. 

The de Bruijn graph data structure was first implemented in the program EULER 

(Pevzner et al. 2001), a genome assembler that is based on assembly, by using a suitable 

overlap of short reads in a suitable data structure. In the de Bruijn graph data structure, 

the K-mers are considered vertices, and the read paths along the K-mers are considered 

the edges of the graph. The graph size provides the genome size and repeat content of the 

http://www.phrap.org/
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sequenced sample. This graph works efficiently with high-redundancy and deep read 

coverage. Various short-read assemblers, including ALLPATHS (Butler et al. 2008), 

SOAP (Li et al. 2009), EULER-SR (Chaisson et al. 2008) and Velvet (Zerbino et al. 

2008), also implement this algorithm. However, other short-read assemblers based on 

overlap and extension are VCAKE (Jeck et al. 2007), SSAKE (Warren et al. 2007), 

SHARCGS (Dohm et al. 2007) and Edena (Farrer et al. 2009), which can handle 

sequencing errors efficiently. However, these assemblers were designed to handle small 

genomes, and they are not suitable for the assembly of large genomes. A few programs 

have been designed for the de novo assembly of large genomes, such as ALLPATHS-LG 

and SOAP. 

 

The Traditional Annotation Process 

 

The traditional gene annotation process is based on the relatedness of specific 

genes to previously annotated genes. 

 

Sequence Similarity-based Analysis 

 

Pairwise sequence similarity is a measure of how closely related 2 proteins or 

DNA sequences are, defined in terms of the percent identity or similarity. This is 

accomplished using different pairwise sequence alignment tools such as the Basic Local 

Alignment Search Tool (BLAST). This software is used to determine the percent identity 

between amino acids or nucleotide residues. The alignment between closely related 

species is used to quantify evolutionary changes based on variation in exonic regions or 
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conserved regions in sequences. Some of the structure-based algorithms are used to 

detect the structure and function of proteins. The percent identity alone does not always 

indicate the best and most reliable match; however, other parameters, such as the 

expectation value (E-value) cutoff level and other substitution parameters, are also 

considered to score both matching residues and residue substitutions, insertions and 

deletions. The score for a particular substitution is empirically measured by considering 

substitution frequencies. The most frequently used scoring matrices for proteins are PAM 

(Point Accepted Mutation) (Mount et al. 2008) and BLOSUM (BLOcks Substitution 

Matrices) (Halperin et al. 2003). The similarity score of 2 sequences is then obtained by 

aligning the 2 sequences using the substitution matrices. Alignments using different 

scoring matrices may lead to different similarity scores. Based on the algorithm and the 

substitution matrices (in the case of protein sequences) or the gap penalty parameters (in 

the case of nucleotide sequences), the optimal alignment is detected as the alignment that 

leads to the maximum similarity score. Dynamic programming algorithms have been 

widely implemented to solve this problem, but there are many other heuristic algorithms 

preferred to enhance the speed of analysis. Optimal alignment search algorithms can be 

broadly categorized into 2 types. The first one is global alignment, in which the entire 

sequences are considered to obtain the global optima. An example is the Needleman-

Wunsch algorithm (Needleman et al. 1970) that uses dynamic programming. The other 

type of alignment is known as local alignment. Local alignments compute the local 

optima by generating the score of subsequences of the 2 query sequences. However, the 

local optima are not guaranteed to be the global optima. An example of a dynamic 

programming algorithm implementing the aforementioned principle is the Smith-
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Waterman algorithm (Smith et al. 1981). BLAST, the most widely used technique for 

calculating sequence similarity, implements global and local alignment. BLAST uses a 

heuristic algorithm to calculate the optimal local alignment (Altschul et al. 1990). The 

output of BLAST against a database of sequences returns the top hits of the query 

sequence, reporting for each the score, E-value and the local alignments themselves. The 

E-value provides a statistical measure of the significance of the alignment and score (S). 

The E-value gives the probability of hits having a score of S or more by chance. Low E-

values imply biological significance, whereas high values imply the potential for false 

positives (Karlin et al. 1997). The simple BLAST algorithm can be further subdivided 

and refined to compare nucleotide query sequences to a protein database through 

BLASTx or compare protein queries to nucleotide databases through tBLASTn. In each 

of these cases, the nucleotide sequences are translated into 6 different reading frames 

during alignment. The usual nucleotide-to-nucleotide BLAST is BLASTn, and the typical 

protein-to-protein BLAST is BLASTp.  

 

Gene Annotation by the BLAST Search Method 

 

In the traditional gene annotation approach, the BLAST search is done against the 

publicly available nucleotide datasets in GenBank, DNA Data Bank of Japan (DDBJ), 

EBI-EMBL, Flybase or open access and annotated sequence databases. In some cases, 

the BLAST search is also done against the protein databases Swiss-Prot and Pfam. For 

specific CYP gene analysis, we used Dr. Nelson’s publicly available CYP dataset 

(http://drnelson.uthsc.edu/CytochromeP450.html). 



 
 

15 
 

A gene annotator can manually infer the origins of a fragment by using the top 

hits of the BLAST query (even with a low E-value to gather different functional regions 

of a specific gene from the sequence). During the process of gene annotation by the 

traditional approach, the query genome is studied on the basis of the annotation of a 

reference genome (Nebert et al. 1989, 1991). During the process of annotation, care is 

taken to find all of the functional regions of a new gene. If it is not possible to curate the 

entire gene, then one can curate fragments of the gene, and the missing parts should be 

noted. Automated methods are very poor at de novo annotating incomplete gene 

sequences, such of those often found in next-gen sequence data. Additionally, some of 

the unclassified sequences may actually be similar to known genes in the database. These 

may be simply missed because of the presence of partial genes (incomplete sequences) or 

limitations of the alignment algorithm.  

Considering that a metagenomics project can currently produce a half a million or 

more fragments and those projects will produce much more data as sequencing costs 

decrease, it may soon be impossible to annotate without automation. If the protein 

sequence information of closely associated taxonomic groups and gene families is 

available, then better results may be obtained.  

The Hidden Markov Model (HMM) is a mathematical model that is widely 

implemented in biology to efficiently resolve many complex problems, including gene 

prediction and phylogeny reconstruction. It linearly assigns a sequence to different states 

from a finite set of states (that have biologically significant meaning). In the case of gene 

annotation, the finite states are mutually exclusive classes: ‘introns’ and ‘exons.’ 

Similarly, one could assign other biological sets of classes based on specific criteria. The 
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finite sets of states are connected by directional transitions. Each transition is associated 

with a former and latter state, and it has a transition probability associated with it 

(Howard et al. 1971). While reading each character of the sequence or walking along the 

state path in a Markov Model, the input sequences are labeled with state labels (Eddy et 

al. 1995; Sonnhammer et al. 1998).  

The emission probability in HMMs facilitates the definition of states, which 

closely represent biologically significant classes (Bird et al. 1987). For example, in exon 

detection, the character inside an exon sequence has a higher emission probability than 

the character inside an intron (an exon compared to an intron). After determining the 

transition and emission probabilities, a probability is assigned to the given input sequence 

and chosen path. As there could be multiple state paths, this is not always an easy task. 

There are different biologically relevant rationalizations associated with HMM. These 

facilitate the selection of the correct path to annotate a specific region in a genome. When 

protein sequences are used instead of nucleotide sequences, the specific approach is 

known as a profile HMM model (Krogh et al. 1994). To use the protein sequences in 

annotation, one needs to translate all DNA fragments into their 6 possible frames of 

translation. HMMs also have relevance in position-specific score models in HMMER. 

HMMs have been found to be widely useful in gene finding, protein secondary structure 

prediction (Eddy et al. 1998) and genetic linkage mapping.  

HMMs can be used together with multiple sequence alignment tools to achieve 

more precision in gene annotation. Multiple sequence alignment assists with selecting the 

optimal state path in a specific alignment. Compared to BLAST, multiple sequence 

alignment provides more position-specific information that is conserved across genes. 
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This information improves the performance, thus providing a more precise annotation. 

This can aid in detecting a distantly related member of a gene family and improving the 

results of database searches for homologous sequences (Gribskov et al. 1987).  

For gathering genetic information from different related taxa, GenBank, EBI-

EMBL, DDBJ and other publicly available datasets are the best sources. Similarly, for 

protein datasets, the information could be gathered from different publicly available 

protein resources, e.g., Swiss-Prot and Pfam. For specific research on CYP genes, we 

collected protein data from Dr. Nelson’s publicly available website 

(http://drnelson.uthsc.edu/CytochromeP450.html).  

 

Our Implementation 

 

In our gene annotation process, we compared the annotation obtained using HMM 

with traditional gene annotation, with a focus on the accuracy of each methodology. 

Augustus, Fgenes, GenScan, GeneID, GeneMark, RepeatMasker, NCBI ORF finder, 

UCSC Blat and the specific algorithms used in designing the automated annotation are 

discussed in Table.1.2. We used a previously annotated large piece of the T. castaneum 

genome: the LGX chromosome (bp 33,080–236,581). 

           

            

            

            

            

            

            

            

            

             

http://drnelson.uthsc.edu/CytochromeP450.html
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Table 1.2 Gene annotation software and the algorithms implemented in them. The first 

column from the left indicates the software, and the second column indicates the 

algorithms or approaches implemented. 

Software Algorithms 

Augustus Generalized HMM 

Fgenes HMM-based gene structure prediction 

GenScan Fourier Transformation algorithm + HMM 

GeneID A dynamic programming algorithm  

Snap Exact and inexact string matching and HMM 

GeneMark 
Specific inhomogeneous and homogeneous Markov chain 

models of noncoding DNA 

RepeatMasker 
Efficient implementation: Smith-Waterman-Gotoh 

algorithm: By Phil Green 

NCBI ORF finder Sequence alignment in 6 reading frames and own algorithm 

UCSC Blat BLAT 

            

            

             

Classification of Harmonia axyridis and Tribolium castaneum 

 

The insects are currently classified into 34 different orders. Eleven orders are 

classified under the supra-ordinal group Endopterygota (=Holometabola), including 

Coleoptera (beetles), Diptera (flies), Lepidoptera (butterflies and moths) and 

Hymenoptera (bees and wasps). This thesis focused on the evolution of CYPs in insects 

belonging to the order Coleoptera. Harmonia axyridis belongs to the cerylonid series of 

families in the superfamily Cucujoidea. Cucujoidea is believed to have originated 

approximately 202.9 ± 11.44 million years (Ma) ago (McKenna et al. 2011). H. axyridis 

has 16 chromosomes and an estimated genome size of 322 megabase pairs (Mb; Gregory 

et al. 2003). 
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Brief General Background on Insect Evolution and Harmonia axyridis  

 

Insects are an important component of ecosystems, serving as pollinators and 

decomposers among other functions (Grimaldi et al. 2005). Coevolution between 

herbivorous insects and their host plants, including codiversification, resource tracking 

and sequential evolution, has been proposed to play an important role in insect 

diversification (Farrell et al. 1993; McKenna et al. 2006, 2009). For this reason, insects 

are considered ideal models for ecological and taxonomic diversification. Insects have 

extended mutual interactions with their hosts (plants, animals and other insects). In 

addition, insects are expected to exhibit specializations for their habits. Numerous studies 

have focused on the diversification of insects in relation to the diversification of genes 

associated with host association/host usage in different insect species (Janz et al. 2006). 

These studies have revealed that host association is not a spontaneous event; rather, it is 

the result of the accumulation of specializations in numerous genes over millions of years 

(McKenna et al. 2011). Harmonia axyridis and Tribolium castaneum belong to different 

superfamilies of beetles. H. axyridis belongs to the super family Cucujoidea, whereas T. 

castaneum belongs to the super family Tenebrionoidea. They last shared a common 

ancestor approximately 225 Ma ago (McKenna et al. 2009). 

Interspecies interaction between insects is a complicated event. However, when 

the interaction is allied with humans or resources exploited by humans (e.g., timber, crop 

plants), the insect species are considered economically important. Originally native to 

Asia, H. axyridis was introduced into North America several times as a biocontrol agent 
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for aphids beginning in 1916 (Krafsur et al. 1994) in addition to its later introduction into 

Europe in 1982 (Ongagna et al. 1993) and 1986 in South America (Poutsma et al. 2008). 

Even with multiple introductions of ladybugs from different source populations, 

the species was not established in the United States for decades. However, they recently 

and suddenly became invasive on several continents. Invasive populations were first 

observed in western Oregon, USA, and eastern Louisiana, USA in 1988 and 1991, 

respectively (Chapin et al. 1991; LaMana et al. 1996). They were then recorded in 

Europe (Belgium et al. 2003) and South America (Argentina et al. 2004) in 2001 and 

Africa (South Africa; Stals et al. 2007) in 2004. The species have been observed to form 

large populations in these areas, where it has become a predator of many other insects 

and noninsect arthropods, a household invader and a pest of fruit cultivation (Koch et al. 

2003).  

Harmonia axyridis produces secondary metabolites, particularly alkaloids, in 

response to perceived threats. It emits toxins from its tibiofemoral joints, a phenomenon 

known as reflex bleeding. This is a well-characterized defense mechanism in the beetle 

family Coccinellidae. The secondary toxins Har a1 and Har a2 are known to cause 

allergic reactions in people with secondary immune responses (Nakazawa et al. 2007). 

Harmonia axyridis has a toxic diet; it feeds on toxic insects such as aphids and other 

ladybugs. Hence, it is expected to have a highly evolved detoxification system of CYPs, 

which may allow H. axyridis to tolerate its own toxins. The different secondary 

metabolites found in H. axyridis are listed in Table 2. 

 

 

 



 
 

21 
 

Table 2. Secondary metabolites of Harmonia axyridis. The table presents the secondary 

metabolites found in a survey of the literature. 

Secondary metabolites of H. axyridis 

1) 2-alkyl-3-methoxypyrazines 

2) hydropyrido [2, 1, 6-de] quinolizine 

3) 5-arly-4-hydroxy-3-(2H)-isothiazolone-1, 1-dioxide derivatives 

4) coccinelline 

5) 2-methoxy-3-alkylpyrazines 

6) 3-alkyl-2-methoxypyrazines 

7) adaline 

8) precoccineline 

9) C2-symmetric 2, 6-diallypiperidine carboxylic acid methyl ester 

10) 1, 3-dioxol-2-one 

11) 3-isobutyl-2-methoxypyrazine 

12) N-cyanomethyloxazolidines 

13) porantherine 

14) azabicyclo[3.3.1] alkenes 

15) poranthericine 

 

 

 

For gene identification and evolutionary diversification studies of H. axyridis, the 

most preferred genome is the T. castaneum genome. T. castaneum is a well-established 

stored grain pest, and it is a source of interest to many researchers because of its 

extraordinary pesticide resistance. The T. castaneum genome project was completed in 

2008 by researchers based at the Baylor College of Medicine (Richards et al. 2008). 

 

 

 

Introduction to CYP Enzymes 

 

CYP enzymes have broad-spectrum gene regulatory activity. These genes are 

mostly activated or induced by a chemical signal. There are 2 different types of electron 
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transfer chains for CYPs (Guengerich et al. 2008). These are again classified depending 

on their location in the cell. Some CYPs are present in the mitochondrial inner 

membrane, whereas others are present in the endoplasmic reticulum (ER). Both classes of 

CYPs are classified as membrane-bound proteins. In the ER, the protein that donates 

electrons to the CYP is NADPH CYP reductase (Omura et al. 1980). It is also bound to 

the membrane by an N-terminal tail that crosses the ER membrane. The bulk domain of 

this protein is on the cytosolic side of the ER membrane. The CYP reductase protein has 

2 domains, each containing a flavin. In the catalytic process, the 2 electrons are accepted 

subsequently from NADPH, after which they migrate from FAD to FMN and then to the 

CYP heme iron via CYP reductase (Sligar et al. 1979). 

For CYPs to function, they need a source of electrons. The heme ring transfers 2 

electrons to oxygen, which undergoes reduction, eventually breaking the fairly stable 

oxygen-oxygen bond. The electrons are donated by the reductase protein that binds to the 

CYP and passes the electrons from 2 flavin prosthetic groups in the molecule. This 

exchange of electrons between proteins is also termed an electron transfer chain, and it is 

similar to the electron transfer in complexes I to IV found in mitochondria (Hannemann 

et al. 2007). 

 

Brief Overview of Insect CYPs 

 

CYPs have a signature heme group and display a very strong light absorption 

band at 450 nm. In spectrometric studies, when microsomes are treated with dithionite 

(reduces microsomes) and carbon monoxide gas in a single cuvette, a very strong 
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absorption band observed at 450 nm, hence the name “P450” (P is for pigment). This is 

also referred as a reduced CO difference spectrum. As CO binds tightly to the ferrous 

heme iron, it is responsible for the difference in absorbance. This spectrum was first 

observed in 1958 (Mason et al. 1957; Garfinkel et al. 1958; Klingenberg et al. 1958; Sato 

et al. 1964). CYPs display absorption in this range due to ligation to the heme iron. Four 

electron pairs are provided by nitrogens on the heme ring, and the fifth ligand is a thiolate 

anion from the conserved cysteine (Prosite: PDOC00081 Cytochrome P450 cysteine 

heme-iron ligand signature (November et al. 1997) 

(http://www.faqs.org/patents/app/20090023173#ixzz1v8Z6NzlK). 

 

CYP enzymes are observed to be present in different forms of life, i.e., in plants, 

animals, fungi, bacteria, Archaea, protists and even viruses (Danielson et al. 2002; 

Roland et al. 2007). More than 18,000 distinct CYP proteins are known 

(http://drnelson.uthsc.edu/CytochromeP450.html). The CYP proteins are classified into 

families and subfamilies according to their sequence similarity. Protein sequences with 

greater than 40% identity at the amino acid level are grouped into the same family. 

Sequences that are greater than 55% identical are placed into the same subfamily. 

Sequences with greater than 95% similarity can be annotated as alleles 

(http://drnelson.uthsc.edu/CytochromeP450.html; Lindberg et al. 1989; Nebert et al. 

1989; Nelson et al. 1993).  

            

            

            

http://www.faqs.org/patents/app/20090023173
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Evolution of CYPs 

 

The existence of the CYP superfamily of enzymes in widely divergent groups of 

organisms ranging from microbes to plants and animals validates the contention that 

these groups of enzyme systems are very ancient and all of the current CYPs are derived 

from a single ancestor (Nebert et al. 1987; Nelson et al. 1987). Gene duplication and 

adaptive diversification play vital roles in divergence during reproduction (Gotoh et al. 

1993). The rapid increase in the number of new CYPs during the past 400 Ma may be due 

to the increased interaction between animals and plants (Nebert et al. 1988, 1989; 

Gonzalez et al. 1990). Molecular drive or DNA turnover also plays a vital role in the 

diversification of CYPs (Dover et al. 1986; Gonzalez et al. 1990; Jeffry et al. 2001). 

Molecular drive also includes gene transposition, slippage replication, unequal crossover, 

gene duplication and RNA-mediated transfer (Gonzalez et al. 1990; Dover et al. 1986; 

Fogleman et al. 1997). Over time, molecular evolution occasionally results in the 

production of pseudogenes (Nebert et al. 1988). Pseudogenes are detected by their 

aberrant coding region, transcriptional silence or both (Dwyer et al. 2011).    

  

Insect CYPs Elaborated  

 

The first sequenced insect genome was that of the fruit fly Drosophila 

melanogaster, which carries 86 CYP genes and 4 pseudogenes (Tijet et al. 2001; 

http://P450.antibes.inra.fr). The number of fully sequenced insect genomes is growing, 

and in addition to D. melanogaster (180-Mb genome), a dozen closely related species of 

Drosophila (which all diverged within 40 Ma) have been sequenced. Moreover, many 
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insect disease vector genomes are available, such as those of the mosquitoes Anopheles 

gambiae (220 Mb), the vector of malaria, Aedes aegypti (800 Mb), the vector of yellow 

fever and dengue, and Culex pipiens (540 Mb), the vector of West Nile virus. All of these 

species belong to the order Diptera. Additionally, the genomic sequences for 

economically important insects such as the honeybee Apis mellifera (200 Mb) (order 

Hymenoptera), the silkworm Bombyx mori (530 Mb) (order Lepidoptera) and the red 

flour beetle T. castaneum (200 Mb) (order Coleoptera) are available. Other recently 

completed insect genome projects include Bicyclus anynana (490 Mb), a tropical 

butterfly, and Nasonia vitripennis (330 Mb), a parasitoid wasp. The genomes of the 

following insects belonging to the supra-ordinal group Holometabola (=Endopterygota) 

have been sequenced: the body louse Pediculus humanus, an exopterygote, order 

Phthiraptera, the cotton bollworm Helicoverpa armigera (400 Mb), the tsetse fly 

Glossina morsitans (200 Mb), the Asian tiger mosquito Aedes albopictus, the Eastern tree 

hole mosquito Ochlerotatus (Aedes) triseriatus and the medfly Ceratitis capitata. These 

insects undergo complete metamorphosis, and they have well-characterized larval, pupal 

and adult stages. The fossil record indicates that holometabolous insects appeared 300 

Ma ago. In addition to the holometabolous insect genomes, the sequences of a few 

hemimetabolous insects are also available, such as the hemipterans, including the pea 

aphid Acyrthosiphon pisum (300 Mb) and the blood-sucking bug Rhodnius prolixus (670 

Mb), the vector of Trypanosoma cruzi. A few noninsect arthropod genomes have been 

studied, including those of the crustacean Daphnia pulex, a water flea, and 2 chelicerate 

arthropods, the tick Ixodes scapularis and the spider mite Tetranychus urticae. 
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Because of the genome projects of the aforementioned insect and noninsect 

arthropods, there is a tremendous annotation challenge for the ancient superfamily of 

CYP genes because it is one of the most abundant families of genes found in eukaryotic 

genomes. Annotation of the fruit fly (Tijet et al. 2001), mosquito (Ranson et al. 2002) and 

honeybee (Claudianos et al. 2006) CYP sequences each brought specific problems. These 

included (i) nomenclature, i.e., lumping new sequences into existing CYP families or 

splitting them into new CYP families; (ii) sequence and assembly quality, i.e., how to 

assemble genes that are apparently spread onto 2 or more sequence contigs; e. g., will a 

pseudogene in release 1.0 become a ‘real’ gene in release 2.0; and (iii) homozygosity of 

the genomic DNA that was sequenced (in Anopheles gambiae, a large CYP cluster was 

present on contigs that originated from the DNA of 2 different cytotypes). Annotation 

work is therefore a continuous effort, and new experimental data, particularly those for 

the PCR amplification and resequencing of problematic CYPs, are often needed.  

             

Four Clans of Insect CYP Genes 

 

Analysis of the available sequences indicates that insect CYP genes fall into 4 

major clans. These clades correspond to branches above the family level described as 

subclasses by Gotoh et al. (1993) and as clans by Nelson et al. (1998). Each one of these 

4 clans includes some CYP families from vertebrate species, and for clarity, these were 

previously named (Claudianos et al. 2006) the CYP2, CYP3, CYP4 and Mito clans. 

Implicit in this designation is the fact that these 4 groups of genes were represented by at 

least 1 member in the last common ancestor of vertebrates and insects. Insects do not 

produce sterols and have lost the CYP51 gene. Interestingly, insects appear to lack CYPs 
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related to CYP26, CYP7 and CYP8, and these families have probably diverged from 

CYP51 in more ancient animals, such as cnidarians or Trichoplax species, but were lost 

in insects.  

Moreover, indicated are the CYP genes for which presumed orthologs are found 

in almost all insect species. In the mosquito A. gambiae, only 10 CYP orthologs were 

found compared with the predicted number of ~40 (Ranson et al. 2002). The 46honeybee 

A. mellifera CYP genes (Claudianos et al. 2006) also include 10 genes with orthologs in 

Diptera. However, there are more CYPs with known physiological functions, and this 

indicates that specialized physiological functions in different insect orders recruit new 

CYPs after gene duplication events. The evolution of new functions following gene 

duplication is therefore not restricted to ‘detoxification’ or ‘environmental response.’ In 

the Drosophila lineage, a CYP gene duplication event was estimated to occur on average 

every 5 Ma (Feyereisen et al. 2005). The sequences of 12 closely related Drosophila 

species will provide a fertile ground for the study of CYP gene duplication and gene loss 

as well as intron loss and gain (Hahn et al. 2007). A brief list of the different CYPs and 

their functional annotation is provided in Table 3. 
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Table 3. Insect CYPs and their functions. The CYP column presents the different CYPs, 

and the infer column provides the functional annotation according to different case 

studies presented in the Reference column.  

CYP Infer Reference 

CYP345 

 

CYP345 group of enzymes exhibits insecticide 

tolerance properties 
Jiang et al. 2008 

CYP9 

CYP9 group of enzymes exhibits xenobiotic 

tolerance that is proportional to the duration of 

exposure to and concentration of xenobiotics 

Stevens et al. 2000 

CYP6F/CYP6 
Insecticide resistance and the metabolism of 

exogenous compounds 
Zhang et al. 2011b 

CYP6BS/CYP6 Allelochemical-metabolizing Zhang et al. 2011a 

CYP4AA1 

 

Xenobiotic and chemosensory responses: 

20-hydroxyecdysone (20-HE) biosynthesis, 

pheromone metabolism and pyrethroid 

insecticide resistance 

Oakeshott et al. 2010 

CYP4Q Xenobiotic detoxification 

http://pubs.aic.ca/doi/pdf

plus/10.4141/CJPS07001 

 

CYP4G 

 

Xenobiotic activity differs for different 

chemicals 
Pedro et al. 2012 

CYP49A1 

 

Anticipated to participate in the steroid-

mediated regulation of the insect early larval 

stage 

http://flybase.org/reports/

FBgn0033524.html 

CYP314A1 

/Shade 

 

Hydroxylation of ecdysone to the 

corresponding steroid 
Srinivasan et al. 2003 

CYP307B1 
Involved in the initial conversion of 7-

dehydrochoresterol to ketodiol 

http://onlinelibrary.wiley.

com/doi/10.1111/j.1365-

2583.2009.00957.x/pdf 

CYP307A1 

/Spook 
Regulator of ecdysone synthesis in insects Namiki et al. 2005 

CYP306A1 
Ecdysteroid biosynthesis in the prothoracic 

glands 
Niwa et al. 2004 

CYP303A1 
Required for the structure and function of D. 

melanogaster sensory organs 

http://agris.fao.org/opena

gris/search.do?recordID=

CN2010001174 

 

http://pubs.aic.ca/doi/pdfplus/10.4141/CJPS07001
http://pubs.aic.ca/doi/pdfplus/10.4141/CJPS07001
http://flybase.org/reports/FBgn0033524.html
http://flybase.org/reports/FBgn0033524.html
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2583.2009.00957.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2583.2009.00957.x/pdf
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2583.2009.00957.x/pdf
http://agris.fao.org/openagris/search.do?recordID=CN2010001174
http://agris.fao.org/openagris/search.do?recordID=CN2010001174
http://agris.fao.org/openagris/search.do?recordID=CN2010001174
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Table 3. Insect CYPs and their functions. 

CYP Infer Reference 

CYP305B1V1 Metabolism of xenobiotics and drugs 

http://agris.fao.org/opena

gris/search.do?recordID=

CN2010001174 

CYP301A1 Involved in cuticle formation Willingham et al. 2004 

CYP18A1 
Steroid hormone inactivation is essential for 

metamorphosis. 
Guittard et al. 2011 

CYP15A1 
CYP15A1 (methyl farnesoate epoxidase) has a 

specific role during embryogenesis 
Dwyer et al. 2011b 

 

 

 

  

http://agris.fao.org/openagris/search.do?recordID=CN2010001174
http://agris.fao.org/openagris/search.do?recordID=CN2010001174
http://agris.fao.org/openagris/search.do?recordID=CN2010001174
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Materials and Methods (Protocols) 

 

Gene Identification Protocol 

 

Despite the rapid development in gene prediction techniques, the present 

understanding of the gene repertoire is still incomplete (Brent et al. 2004; Eyras et al. 

2005). Even the definition of a gene remains blurry in some situations (in terms of 

specific regions that define a gene; Snyder et al. 2003). Nonetheless, well-conserved 

genes are now relatively easy to annotate in different species. To study differences in the 

numbers and types of CYP genes present in the genomes of the beetles H. axyridis and T. 

castaneum, we sought to identify and annotate the CYPs present in the genome of H. 

axyridis. The CYPs of T. castaneum have been identified and annotated (Richards et al. 

2008). The analytical workflow for  traditional gene annotation and comparative 

classification of CYP genes in Harmonia axyridis considering  Tribolium castaneum as 

reference is provided in Fig.1.1.
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Fig. 1.1. Overview of traditional gene annotation and comparative classification of CYP genes in Harmonia axyridis vs. 

Tribolium castaneum. 
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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The Traditional Method of Gene Annotation 

 

Harmonia axyridis Genome Sequences and de novo Genome Assembly  

 

Genomic DNA extraction, DNA sequencing and genome assembly were 

performed by Dr. Duane McKenna using the following methods. Genomic DNA from 

one individual of H. axyridis was sheared to produce 1 library of 1 kb genomic DNA 

fragments and another library of 500 bp fragments. These were sequenced on separate 

lanes (100 bp paired-end sequencing) on an Illumina Hi-Seq 2000 DNA sequencer (San 

Diego, CA, USA). A total of 592,992,560 paired-reads of 100 bp were produced. The 

paired Illumina reads were assembled into contigs using the CLCbio Genomics 

Workbench version 4.9 (http://www.clcbio.com/) with conflict resolution by voting (A, 

C, G, T). Nonspecific matches were given a random value. The resulting assembly 

contained 135,864 contigs larger than 1 kb with an average length of 2,219 bp. The 

contig N50 was 2,457 bp and average coverage of the assembled contigs was 142.8×. 

 

In the Process of Traditional Method of Gene Annotation 

 

The H. axyridis assembly of 135,864 contigs was searched by BLAST using 

standalone BLAST software (http://www.ncbi.nlm.nih.gov/books/NBK1763/) against the 

163 CYP sequences of T. castaneum representing different genes. The standalone 

BLAST software is multiplatform compatible. It was locally installed on the McKenna 
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lab Linux server (aka Tesla1). Tesla1 is a Supermicro server with 48 core AMD Opteron 

processors and 192 GB of RAM (24×8 GB). 

Initially, the assembly was subjected to BLAST against the CYP sequences of 

most closely related well-annotated Tribolium CYP amino acid sequences. There were 

163 Tribolium CYP sequences that were subjected to BLAST against the H. axyridis 

assembly (135,864 contigs) by tBLASTn batch BLAST. In this manner, we obtained the 

BLAST output of potential contigs or hit sequences (approximately 198) based on their 

lower E-value and higher rank of identity. A low E-value indicates that the hit is not 

accidental, and a higher identity signifies sequence similarity. Therefore, the low E-value 

and high identity score contigs provide us with the most statistically relevant output.  

The E-value of an alignment depends on 3 criteria: the alignment itself, the query 

sequence length and sequence composition and the total length of database sequences and 

their composition. The first step is computation of scoring of the alignment to generate 

the raw score S. This score is based on a nonspecific scoring system and must be 

normalized (Karlin et al. 1990; Dembo et al. 1994) to give a score S′ as follows:  

S′ = (λ S − ln K)/ln 2,  

where λ and K are parameters that illustrate the expected distribution of S for the scoring 

system used. The normalized score S′ (has units in bits) provides the calculation of actual 

probabilities. The E-value for the alignment is as follows: 

E = m n 2 
S′
, 

where m and n are the lengths of the database and query sequences, respectively, and S′ is 

the normalized score described previously in this section. 

(http://www.ncbi.nlm.nih.gov/BLAST/tutorial/Altschul-1.html). The potential contigs are 

http://www.ncbi.nlm.nih.gov/BLAST/tutorial/Altschul-1.html
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extracted from the assembly and subjected to BLAST against the protein dataset of T. 

castaneum CYPs. However, in the aforementioned case, the selection of T. castaneum 

sequences influenced results toward the existence of T. castaneum CYPs. In addition, the 

assembled CYP exonic fragments did not completely recover entire CYP sequences. 

Hence, to allow a greater possibility of fragment recovery and better assembly of the 

fragments, they were subjected to BLASTx against a mixture of different groups of well-

annotated insect CYP sequences (Dr. Nelson’s CYP database). This permitted the 

retrieval of all possible CYP fragments of H. axyridis.  

The 189 hit sequences of H. axyridis were again subjected to BLASTx and ranked 

on the basis of their similarity to all possible CYP fragments in Dr. Nelson’s CYP 

database for insects (the insect data set contains ~3000 sequence CYP genes fragments; 

http://drnelson.uthsc.edu/CytochromeP450.html). Based on the similarity score, the 

sequences were subjected to a second BLAST search. However, in the second BLAST, 

the E-value cutoff was relaxed (1.00 because the insect CYP consensus regions could 

have been present in smaller fragments of sequences, providing them with lower E-value 

scores). The BLASTx similarity search provided the best possible CYP fragments of H. 

axyridis CYPs, which were manually assembled with each other after removing the 

intronic regions. 

On final assembly of the exons, all possible CYP fragments were gathered 

together. However, we were not able to recover sufficient numbers of fragments to 

assemble entire CYP sequences (the assembled sequences of several CYPs were not 

complete). There are various possibilities explaining the absence of missing fragments of 

CYPs, such as areas of low coverage in the H. axyridis assembly or low similarity to 

http://drnelson.uthsc.edu/CytochromeP450.html


 
 

35 
 

database fragments. Finally, the assembled CYPs sequences were subjected to BLASTp 

to obtain the best-fit CYP family among insects. After obtaining the best insect CYP 

match, the sequences were annotated to their respective family, subfamily or allele.  

Via automated gene annotation, we were able to recover 94 CYP genes, and by 

repeating the BLAST search (BLASTx) using the final H. axyridis contigs against the H. 

axyridis genome assembly, we recovered from some missing exonic fragments. 

Ultimately, through traditional gene annotation (assembling and BLASTp), we were able 

to recover and identify 94 H. axyridis CYP genes and 3 pseudogenes (from CYP301A1, 

CYP9BD1P and CYP9BE7P), in contrast to T. castaneum, which has 137 genes and 10 

pseudogenes. 

 

Nucleotide Sequence BLAST to Recover the Exons of the CYP Genes of Harmonia 

axyridis  

 

We began to hunt for genes among 135,864 assembled contiges of H. axyridis 

using the well-annotated CYP protein sequences of T. castaneum. We performed a 

BLAST search for the CYP genes of T. castaneum in the form of a protein query against a 

database of H. axyridis contig sequences via a tBLASTn search. The output obtained 

from this search is given in Fig 1.2. 
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Fig. 1.2. tBLASTn output of Tribolium castaneum and Harmonia axyridis:  This figure 

presents an example of the tBLASTn output of T. castaneum CYP gene sequences 

against the assembled contigs of H. axyridis. This example shows the tBLASTn output 

from the CYP351A3 gene and its first hit (identity value = 48%; E-value = e−26); both of 

these parameters indicate that this is a good match. The ‘Query’ line shows the gene as a 

protein sequence, and the subject line shows the best match from the database of T. 

castaneum sequences.   

------------------------------------------------------------------------------------------------------------ 

            

            

  
The tBLASTn contigs, or output contigs with low E-values and high similarity 

scores, are considered the best candidate contigs for further study in the CYP gene 

recovery process. In the tBLASTn process, the nuclotide sequences are translated into 6 
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different reading frames before being compared to the protein sequences. The cutoff 

value of tBLASTn in the first BLAST search was kept at an E-value of e−3. At this 

cutoff, we retrieved 189 candidate contigs. However, in the second retrieval of genes 

from the assembled contigs of H. axyridis, the cuttoff E-value was set to 1, resulting in 

the addition of 46 new candidate contigs. The resulting candidate contigs were subjected 

to BLAST using BLASTx against all available insect CYP gene fragments from Dr. 

Nelson’s publicly available CYP dataset 

(http://drnelson.uthsc.edu/CytochromeP450.html). In this BLASTx search, the sequences 

were used for a batch BLAST search against the protein database after being translated in 

6 different reading frames (see the example BLASTx output in Fig 1.3). Fig 1.3 shows 

the BLAST similarity search output of the query sequence of H. axyridis contig sequence 

(candidate genes) hits matched with the subject sequence of protein sequences of CYP 

genes (the figure shows the match with CYP345B1 from T. castaneum) from different 

insects incuding T. castaneum. To perform the batch BLAST, we used batch BLAST 

standalone BLAST software.  

The aligned fragments from H. axyridis fragments in comparison to different 

insects are used to assemble the genes. While assembling the exon pieces, parameters 

such as reading frame and phase are carefully considered. The aligned regions provide 

evidence about the location of inton-exon GT and AG boundaries. These boundaries lie at 

or near the edges of the aligned fragments. The phase information (if the GT boundry is 

exactly at the starting position of the codon, then it is in phase (0); if the GT boundry is 1 

nucleotide into the codon, then it is in phase (1), if the GT boundry is 2 nucleotides into 

the codon, then it is in phase (2). The AG boundry is complementary to the GT boundary. 

http://drnelson.uthsc.edu/CytochromeP450.html
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The GT and AG boundry have to be in the same phase to correctly assemble the protein 

sequence (Long et al. 1998). The phase parameters facilitate the efficientremoval of 

intronic regions. 

           

            

 

Fig. 1.3. A snapshot of the BLASTx output of candidate contigs. The snapshort of the 

BLASTx output of candidate contig sequences against the CYP gene fragment protein 

database. During the BLAST search, the genomic sequences are translated into 6 

different reading frames to obtain the optimal hit in the BLAST search. 

----------------------------------------------------------------------------------------------------------- 
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After the removal of intronic regions, the sequences are assembled together to 

allow the maximum possible assembly of exons. Intronic sequences are important when 

they contain regulatory regions, but these sequences are irrelevant for assembling a 

protein sequence. 

To ensure the completeness and correctness of assembly, the assembled 

sequences are again subjected to BLASTp. The assembled sequences are further studied 

for their nomenclature based on their sequence similarity to known CYPs proteins. The 

sequences with >55% sequence identity are assigned to the same subfamily, and 

sequenses with >95% identity are assigned to the same allelic group. The motifs located 

in a specific sequence fragment also provide evidence for selecting the correct exon and 

quantifying the number of genes. The specific information based on the similarity search 

of our study is presented in Table A1.3 (Appendix). The presence of motif regions, 

frequently in the C-terminal half, with high similarity scores can help to assign 2 

sequences to the same subfamily. After assembling a major portion of a gene (at least 

350–400 amino acids long from a total of ~500 amino acids in length), one could use the 

fragment for comparative studies. 

            

An Example of the Process of Gene detection, Starting from the BLAST Search Using  

Reference Sequences of Tribolium castaneum till the assembly of Harmonia axyridis 

CYP genes 

As an example of the entire BLAST search process, we chose the CYP345A2 

gene, as it was one of the most complete CYP genes recovered in our study (small  
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fragments of exons missing; coverage range: amino acids 19–487). 

Firstly, the reference genes from T. castaneum were taken and subjected to a 

tBLASTn search to obtain output contigs, which served as candidates for further study. 

The most promising potential candidate contigs were those with both low E-values and 

high identity scores. An example showing a search involving the CYP345A2 gene. For 

the output of the tBLASTn search is presented in Fig. 1.4, the very first contig sequence 

with an E-value of 2e−56 was chosen as the best hit with an identity of 40%.  

           

            
             
Query= CYP345A2_seq_37_CYP3_clan 

 

Length=505 

                                                                        E 

Sequences producing significant alignments:                           Value 

  McKenna_1kb_R1.PF_(paired)_contig_63104 Average coverage: 216.51           2e-56 

  McKenna_1kb_R1.PF_(paired)_contig_93915 Average coverage: 68.76            2e-56 

  McKenna_1kb_R1.PF_(paired)_contig_34157 Average coverage: 101.84           8e-55 

  McKenna_1kb_R1.PF_(paired)_contig_38109 Average coverage: 119.87           3e-51 

  McKenna_1kb_R1.PF_(paired)_contig_73770 Average coverage: 137.57           8e-47 

  McKenna_1kb_R1.PF_(paired)_contig_100427 Average coverage: 152.34          9e-40 

  McKenna_1kb_R1.PF_(paired)_contig_123923 Average coverage: 92.06           9e-35 

  McKenna_1kb_R1.PF_(paired)_contig_11981 Average coverage: 122.71           2e-33 

  McKenna_1kb_R1.PF_(paired)_contig_93915 Average coverage: 68.76            3e-33 

  McKenna_1kb_R1.PF_(paired)_contig_12024 Average coverage: 148.44           3e-31 

  McKenna_1kb_R1.PF_(paired)_contig_125712 Average coverage: 125.18          3e-31 

  McKenna_1kb_R1.PF_(paired)_contig_97615 Average coverage: 122.47           3e-28 

  McKenna_1kb_R1.PF_(paired)_contig_20898 Average coverage: 139.63           7e-28 

  McKenna_1kb_R1.PF_(paired)_contig_101506 Average coverage: 67.17           3e-27 

  McKenna_1kb_R1.PF_(paired)_contig_44663 Average coverage: 129.82           4e-27 

  McKenna_1kb_R1.PF_(paired)_contig_100712 Average coverage: 100.12          5e-27 

  McKenna_1kb_R1.PF_(paired)_contig_29860 Average coverage: 165.14           6e-27 

  McKenna_1kb_R1.PF_(paired)_contig_9307 Average coverage: 87.47             7e-27 

  McKenna_1kb_R1.PF_(paired)_contig_100427 Average coverage: 152.34          2e-26 

  McKenna_1kb_R1.PF_(paired)_contig_24576 Average coverage: 80.97            5e-26 

       

> McKenna_1kb_R1.PF_(paired)_contig_63104 Average coverage: 216.51       

Length=4164       

      

 Score   = 152 bits (385)  , Expect (2) = 2e-56, Method: Compositional matrix      

adjust. 

 Identities = 72/180 (40%), Positives = 109/180 (61%), Gaps = 0/180 (0%) 

 Frame = +1 

 

Query   112   SPHHDPLVKNMLFLNKNPEWKNVRVKMTPVFTTGKLKGMIPLINDVGETMTKYIAQKIPN 171 

           +  +DP+  +MLF+ K  EWK +R K++P F+  KLK M   I+++G ++ ++I       

Sbjct  1498  AAEYDPVTAHMLFIEKGEEWKLMRSKISPFFSPSKLKAMFGAIDNLGVSLRRHIDASPNR  1677 

Query  172   FSLEAKEICAKFSTDVIAKCAFGINANSFKNEDAEFRKIGRRIFDFRWSTAIQQTSYFFL  231 

             L+ KE+ +KFS DVIAKC FGI+A S + ED EF +I  +IFD R  T+ +   YFF  

Sbjct  1678  SGLDVKELSSKFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIFDTRPITSFRFLCYFFF  1857 

Query  232   PGLVNLLKFRMLDKDASDFLRETFWHTIKLREEKNLKANDLIDAIIALKDNQEFCKNMNF  291 

                + + ++ D D   FLR  FW  I+LRE+ N+K NDLID I+ L+ + E  + + F 

Sbjct  1858  HSFAKIFRMKLFDADVVTFLRRVFWECIELREKNNVKGNDLIDIIVDLRKDNELSERIKF  2037 

 

 Score = 89.0 bits (219),  Expect(2) = 2e-56, Method: Compositional matrix adjust. 
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 Identities = 42/87 (49%), Positives = 59/87 (68%), Gaps = 0/87 (0%) 

 Frame = +3 

Query  25    YFSRNFDHWEKKNVFYFKPIPFFGNFVDISLFRTTIGEHLAKLYNQTTEPFFGIFVFDKP  84 

           Y SRN+D+W+K+NV + KP PF GN  +I L +  +    KLYN    PFFGIFVF KP 

Sbjct  1239  YISRNYDYWQKRNVPFIKPRPFVGNMGEILLQKYNMSSFFEKLYNDMDAPFFGIFVFSKP  1418 

Query  85    HLIIKSPELVKTILVRDFNNFDDRCIA  111 

             LI+K  +L+K I V+DF++F D+ ++ 

Sbjct  1419  ALIVKDVKLLKNIFVKDFDHFMDQHVS  1499 

 

 Score = 97.1 bits (240),  Expect = 2e-19, Method: Compositional matrix adjust. 

 Identities = 48/95 (51%), Positives = 63/95 (67%), Gaps = 8/95 (8%) 

 Frame = +3 

Query  355   KYLNMCVCETLRKYPVLPFLDRTCKEDYKLPNSNVVIEKGTPVFIPMFGLHYDPQYFPNP  414 

           +YL +   ETLRKY  +P LDR C +DYK+P +++VIEKG    +P +G   DP+YF NP 

Sbjct  3402  EYLFVQTVETLRKYSPVPILDRVCTKDYKIPETDIVIEKGIITLVPPYGFQKDPKYFDNP  3581 

Query  415   QKYDPERFSD--ENMQNITPFSYIPFGEGPRNCIG  447 

           ++Y PERF    E+M      Y+PFG GPRNCIG 

Sbjct  3582  EEYIPERFESIKEDM------FYMPFGHGPRNCIG  3668 

 

 Score = 62.4 bits (150),  Expect = 7e-09, Method: Compositional matrix adjust. 

 Identities = 39/77 (51%), Positives = 54/77 (71%), Gaps = 1/77 (1%) 

 Frame = +1 

Query  291   FEGDKvvaqaaqffvaGFETTSSTMAFTLYELCLQPQFQRRVRAEIATCLKEHNG-LTYE  349 

             +GDKV+AQA  FFVAGFETT ST+AFTL+ LCL    QR++R  I   +K+H G LT E 

Sbjct  2710  LDGDKVIAQALLFFVAGFETTGSTIAFTLHALCLNLDIQRKLRENIRDIIKKHGGKLTME  2889 

Query  350   ALQSMKYLNMCVCETLR  366 

           ++++M YL+  +   L+ 

Sbjct  2890  SIENMDYLDNVIKGILK  2940 

 

 Score = 52.8 bits (125),  Expect = 5e-06, Method: Compositional matrix adjust. 

 Identities = 28/71 (40%), Positives = 40/71 (57%), Gaps = 1/71 (1%) 

 Frame = +2 

Query  427   MQNITPFSYIPFGEGPRNCIGERFGLIGTKLGLIHILSEFEVEKSSDTPVPLEFEPKSFV  486 

           + NI P S+  +   P++ +G RFGLI  KL ++ IL EFE+  + +TPV LEF   S + 

Sbjct  3929  LNNILPISF-KWKLKPQSFLGRRFGLIAVKLAILQILKEFELHSTDETPVNLEFSTASLI  4105 

Query  487   LASKVGLPMKF  497 

                 L M F 

Sbjct  4106  PQPIQQLKMSF  4138 

 

Fig. 1.4. tBLASTn output showing the BLAST output obtained by taking the Tribolium 

castaneum query against the database of assembled Harmonia axyridis contigs (135,864 

contigs). The figure presents the BLAST search output for the first hit (best hit). 

------------------------------------------------------------------------------------------------------------ 

            

            

            

Despite the low identity score, the contig was still considered a good hit for 

further study due to its low E-value. In this example, we considered only 1 contig, as we 

recovered most of the genes from this contig. In many other cases, we had to evaluate 

more than 1 contig to assemble the entire gene. 

In the second step, the best hit contigs associated with this specific gene were 

subjected to a BLASTx search against various fragments of CYP genes (from different 

insects, CYP genes collected from Dr. Nelson’s CYP protein dataset). The BLASTx 
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output gives all of the translated regions of contigs that are similar to fragments of a CYP 

gene. The BLASTx output was further analyzed to differentiate exons from introns based 

on the AG-GT boundary. Detecting the exact intronic boundary is a tedious task, 

occasionally involving ambiguous options. During the process of detecting the phase 

boundary, the specific contigs were translated into 6 reading frame using translators such 

as ExPASy translator (http://web.expasy.org/translate/). Details of the detection of AG-

GT phase boundaries are provided in text elaborating of fig.1.3. The BLASTx output 

obtained when contig ‘McKenna_63104’ subjected to a BLAST search against the entire 

database of CYP genes (different fragments of CYPs from different organisms) given in 

Fig. 1.5. The output was further scanned to obtain exon-intron boundaries after 

translating the entire contig. 

             

            

           
Query= McKenna_1kb_R1.PF_(paired)_contig_63104 Average coverage: 216.51 

Length=4164 

                                                                 Score    E 

Sequences producing significant alignments:                     (Bits)  Value 

  CYP345A2Triboliumcastaneum111                                   150    3e-57 

  CYP345A1Triboliumcastaneum111                                   142    5e-56 

  CYP345C1Triboliumcastaneum111                                   127    4e-49 

  CYP345H1Leptinotarsadecemlineata50                              120    2e-47 

  CYP6AQ13LinepithemahumileargentineantLh6                        133    7e-47 

  CYP345B1Triboliumcastaneum111                                   118    1e-43 

  CYP6K1BlatellagermanicaGermancockroachJeffScottAF281328         120    2e-43 

  CYP6AQ14LinepithemahumileargentineantLh6                        122    5e-43 

  CYP6J1AF281325BlattellagermanicaGermancockroachJeffScott12099   108    2e-42 

  CYP6AQ18PogonomyrmexbarbatusPb6AQseq4i291                       110    2e-42 

 

> CYP345A2Triboliumcastaneum111 

Length=505 

 

 Score =  150 bits (380),  Expect(2) = 3e-57 

 Identities = 72/177 (41%), Positives = 108/177 (62%), Gaps = 0/177 (0%) 

 Frame = +1 

Query  1507  YDPVTAHMLFIEKGEEWKLMRSKISPFFSPSKLKAMFGAIDNLGVSLRRHIDASPNRSGL  1686 

             +DP+  +MLF+ K  EWK +R K++P F+  KLK M   I+++G ++ ++I        L 

Sbjct  115   HDPLVKNMLFLNKNPEWKNVRVKMTPVFTTGKLKGMIPLINDVGETMTKYIAQKIPNFSL  174 

Query  1687  DVKELSSKFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIFDTRPITSFRFLCYFFFHSF  1866 

             + KE+ +KFS DVIAKC FGI+A S + ED EF +I  +IFD R  T+ +   YFF     

Sbjct  175   EAKEICAKFSTDVIAKCAFGINANSFKNEDAEFRKIGRRIFDFRWSTAIQQTSYFFLPGL  234 

Query  1867  AKIFRMKLFDADVVTFLRRVFWECIELREKNNVKGNDLIDIIVDLRKDNELSERIKF  2037 

               + + ++ D D   FLR  FW  I+LRE+ N+K NDLID I+ L+ + E  + + F 

Sbjct  235   VNLLKFRMLDKDASDFLRETFWHTIKLREEKNLKANDLIDAIIALKDNQEFCKNMNF  291 

 

 Score = 89.0 bits (219),  Expect(2) = 3e-57 

 Identities = 40/84 (48%), Positives = 57/84 (68%), Gaps = 0/84 (0%) 
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 Frame = +3 

Query  1248  RNYDYWQKRNVPFIKPRPFVGNMGEILLQKYNMSSFFEKLYNDMDAPFFGIFVFSKPALI  1427 

             RN+D+W+K+NV + KP PF GN  +I L +  +     KLYN    PFFGIFVF KP LI 

Sbjct  28    RNFDHWEKKNVFYFKPIPFFGNFVDISLFRTTIGEHLAKLYNQTTEPFFGIFVFDKPHLI  87 

Query  1428  VKDVKLLKNIFVKDFDHFMDQHVS  1499 

             +K  +L+K I V+DF++F D+ ++ 

Sbjct  88    IKSPELVKTILVRDFNNFDDRCIA  111 

 

 Score =  101 bits (251),  Expect = 4e-22 

 Identities = 47/93 (51%), Positives = 64/93 (69%), Gaps = 4/93 (4%) 

 Frame = +3 

Query  3402  EYLFVQTVETLRKYSPVPILDRVCTKDYKIPETDIVIEKGIITLVPPYGFQKDPKYFDNP  3581 

             +YL +   ETLRKY  +P LDR C +DYK+P +++VIEKG    +P +G   DP+YF NP 

Sbjct  355   KYLNMCVCETLRKYPVLPFLDRTCKEDYKLPNSNVVIEKGTPVFIPMFGLHYDPQYFPNP  414 

Query  3582  EEYIPERF--ESIKE--DMFYMPFGHGPRNCIG  3668 

             ++Y PERF  E+++      Y+PFG GPRNCIG 

Sbjct  415   QKYDPERFSDENMQNITPFSYIPFGEGPRNCIG  447 

 

 Score = 77.8 bits (190),  Expect = 5e-15 

 Identities = 38/68 (56%), Positives = 51/68 (75%), Gaps = 1/68 (1%) 

 Frame = +1 

Query  2713  DGDKVIAQALLFFVAGFETTGSTIAFTLHALCLNLDIQRKLRENIRDIIKKHGGKLTMES  2892 

             +GDKV+AQA  FFVAGFETT ST+AFTL+ LCL    QR++R  I   +K+H G LT E+ 

Sbjct  292   EGDKVVAQAAQFFVAGFETTSSTMAFTLYELCLQPQFQRRVRAEIATCLKEHNG-LTYEA  350 

Query  2893  IENMDYLD  2916 

             +++M YL+ 

Sbjct  351   LQSMKYLN  358 

 

 Score = 52.0 bits (123),  Expect = 3e-07 

 Identities = 28/71 (40%), Positives = 40/71 (57%), Gaps = 1/71 (1%) 

 Frame = +2 

Query  3929  LNNILPISF-KWKLKPQSFLGRRFGLIAVKLAILQILKEFELHSTDETPVNLEFSTASLI  4105 

             + NI P S+  +   P++ +G RFGLI  KL ++ IL EFE+  + +TPV LEF   S + 

Sbjct  427   MQNITPFSYIPFGEGPRNCIGERFGLIGTKLGLIHILSEFEVEKSSDTPVPLEFEPKSFV  486 

Query  4106  PQPIQQLKMSF  4138 

                   L M F 

Sbjct  487   LASKVGLPMKF  497 

 

> CYP345A1Triboliumcastaneum111 

Length=505 

 

 Score =  142 bits (358),  Expect(2) = 5e-56 

 Identities = 66/177 (38%), Positives = 106/177 (60%), Gaps = 0/177 (0%) 

 Frame = +1 

Query  1507  YDPVTAHMLFIEKGEEWKLMRSKISPFFSPSKLKAMFGAIDNLGVSLRRHIDASPNRSGL  1686 

             +DP+  +MLF  K  EWK +R K++P F+  KLK M   I+++G +L ++I    +   L 

Sbjct  115   HDPLVKNMLFFNKNPEWKNVRVKMTPVFTTGKLKGMIPLINDIGETLTKYIAQKTSNLSL  174 

Query  1687  DVKELSSKFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIFDTRPITSFRFLCYFFFHSF  1866 

             + KE+S+K++ DVIAKC FGI+A SL+ ED EF  +  + FD R   + +   YF      

Sbjct  175   EAKEISAKYTTDVIAKCAFGINANSLKNEDAEFRNLGRRFFDFRWSNAIQQTSYFLLPGL  234 

Query  1867  AKIFRMKLFDADVVTFLRRVFWECIELREKNNVKGNDLIDIIVDLRKDNELSERIKF  2037 

               + ++++ D     FLR  FW+ I+LR++NN K  DLID I+ ++++ E  +   F 

Sbjct  235   VNVLKLRVMDKKDSNFLRETFWQTIKLRQENNSKAKDLIDAIIAMKENKEFCKNFNF  291 

 

 Score = 93.2 bits (230),  Expect(2) = 5e-56 

 Identities = 43/84 (52%), Positives = 58/84 (70%), Gaps = 0/84 (0%) 

 Frame = +3 

Query  1248  RNYDYWQKRNVPFIKPRPFVGNMGEILLQKYNMSSFFEKLYNDMDAPFFGIFVFSKPALI  1427 

             RNYD+W+K+NV F KP PF GN+ +I L +  +     KLYN    PFFGIFVF KP LI 

Sbjct  28    RNYDHWEKKNVFFFKPTPFFGNILDISLFRTTIGEHLAKLYNQTTEPFFGIFVFDKPHLI  87 

Query  1428  VKDVKLLKNIFVKDFDHFMDQHVS  1499 

             +K  +L+K I V+DF++F D+ V+ 

Sbjct  88    IKSPELVKTILVRDFNNFDDRGVA  111 

 

 Score =  101 bits (251),  Expect = 4e-22 

 Identities = 47/93 (51%), Positives = 64/93 (69%), Gaps = 4/93 (4%) 

 Frame = +3 

Query  3402  EYLFVQTVETLRKYSPVPILDRVCTKDYKIPETDIVIEKGIITLVPPYGFQKDPKYFDNP  3581 

             +YL +   ETLRKY  +P LDR C +DYK+P +++VIEKG    +P +G   DP+YF NP 

Sbjct  355   KYLNMCVCETLRKYPVLPFLDRTCKEDYKLPNSNVVIEKGTPVFIPMFGLHYDPQYFPNP  414 

Query  3582  EEYIPERF--ESIKE--DMFYMPFGHGPRNCIG  3668 
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             ++Y PERF  E+++      Y+PFG GPRNCIG 

Sbjct  415   QKYDPERFSDENMQNITPFSYIPFGEGPRNCIG  447 

 

 Score = 78.2 bits (191),  Expect = 4e-15 

 Identities = 38/71 (54%), Positives = 52/71 (74%), Gaps = 1/71 (1%) 

 Frame = +1 

Query  2704  FVLDGDKVIAQALLFFVAGFETTGSTIAFTLHALCLNLDIQRKLRENIRDIIKKHGGKLT  2883 

             F  +GDKV+AQA  FF+AGFETT +T+AFTL+ LCL   IQ K+R  I   +K+H G LT 

Sbjct  289   FNFEGDKVVAQAAQFFIAGFETTSATMAFTLYELCLQPQIQSKVRTEIMTCVKEHNG-LT  347 

Query  2884  MESIENMDYLD  2916 

              E++++M YL+ 

Sbjct  348   YEALQDMKYLN  358 

 

 Score = 49.7 bits (117),  Expect = 2e-06 

 Identities = 26/71 (37%), Positives = 40/71 (57%), Gaps = 1/71 (1%) 

 Frame = +2 

Query  3929  LNNILPISF-KWKLKPQSFLGRRFGLIAVKLAILQILKEFELHSTDETPVNLEFSTASLI  4105 

             + NI P S+  +   P++ +G RFGLI+ KL ++ +L  FE+  + +TPV LEF   S + 

Sbjct  427   MQNITPFSYIPFGEGPRNCIGERFGLISTKLGLIHVLSNFEVERSSDTPVPLEFEPKSFV  486 

Query  4106  PQPIQQLKMSF  4138 

                   L M F 

Sbjct  487   LASKVGLPMKF  497 

 

> CYP345C1Triboliumcastaneum111 

Length=494 

 

 Score =  127 bits (318),  Expect(2) = 4e-49 

 Identities = 69/205 (34%), Positives = 116/205 (57%), Gaps = 10/205 (4%) 

 Frame = +1 

Query  1510  DPVTAHMLFIEKGEEWKLMRSKISPFFSPSKLKAMFGAIDNLGVSLRRHIDAS-PNRSGL  1686 

             DP++ H+LFI K  +W+ +R+K++P F+ SK+K M   I+N    +  +++    + + + 

Sbjct  108   DPISTHILFILKNPDWRELRTKMTPVFTSSKIKIMSELIENASHEMTNYLNNHIKDYNSV  167 

Query  1687  DVKELSSKFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIFDTRPI-TSFRFLCYFFFHS  1863 

             +++++  KF+VDVI   +FG+ A S + E+ +F  +A ++ D   I T+FRF CY      

Sbjct  168   EMRDVCLKFTVDVIGSTIFGVQANSFKDENSQFSSVAKRLIDWDDIVTAFRFRCYLLAPL  227 

Query  1864  FAKIFRMKLFDADVVTFLRRVFWECIELREKNNVKGNDLIDIIVDLRKDNE--------L  2019 

             F  +FRMKLF  D V FL+  F + ++ R  +N   NDLIDI++ ++ DN         + 

Sbjct  228   FVNLFRMKLFPPDCVNFLKNTFLDIMDKRSVSNKSRNDLIDILLQMKNDNRNFIEGDILV  287 

Query  2020  SERIKFGECFFCFCFVIMHFDLYYF  2094 

             S+ + F    F      M F LY F 

Sbjct  288   SQALMFFVAGFETTSSTMGFALYEF  312 

 

 Score = 85.5 bits (210),  Expect(2) = 4e-49 

 Identities = 35/82 (43%), Positives = 55/82 (68%), Gaps = 0/82 (0%) 

 Frame = +3 

Query  1248  RNYDYWQKRNVPFIKPRPFVGNMGEILLQKYNMSSFFEKLYNDMDAPFFGIFVFSKPALI  1427 

             RN+ +W+K+NVPFIKP PF G++ + +L ++++   F  LY     PF G F+  KP L+ 

Sbjct  19    RNFKHWEKKNVPFIKPLPFFGSIYDGVLMRHSIGEVFYDLYYKSTKPFVGFFILDKPCLL  78 

Query  1428  VKDVKLLKNIFVKDFDHFMDQH  1493 

             ++D KL+K I V DF +F D++ 

Sbjct  79    IRDPKLIKKILVNDFQYFYDRN  100 

 

 Score = 86.7 bits (213),  Expect = 1e-17 

 Identities = 44/93 (48%), Positives = 55/93 (60%), Gaps = 4/93 (4%) 

 Frame = +3 

Query  3402  EYLFVQTVETLRKYSPVPILDRVCTKDYKIPETDIVIEKGIITLVPPYGFQKDPKYFDNP  3581 

             EYL +   E LRKY  VP LDR C   Y IP+T++ I+K     +P      DP+YF N  

Sbjct  345   EYLDMCVKEVLRKYPVVPFLDRKCNTTYTIPDTNVTIDKDTPIFIPSLALHYDPQYFPNA  404 

Query  3582  EEYIPERFESIKE---DMF-YMPFGHGPRNCIG  3668 

             + + PERF S  +   D F Y+PFG GPRNCIG 

Sbjct  405   DIFDPERFSSNNKTGIDSFAYLPFGEGPRNCIG  437 

 

 

 Score = 75.9 bits (185),  Expect = 2e-14 

 Identities = 36/77 (47%), Positives = 55/77 (72%), Gaps = 1/77 (1%) 

 Frame = +1 

Query  2710  LDGDKVIAQALLFFVAGFETTGSTIAFTLHALCLNLDIQRKLRENIRDIIKKHGGKLTME  2889 

             ++GD +++QAL+FFVAGFETT ST+ F L+    N DIQ K+R  I+DI  K+ G +  + 

Sbjct  281   IEGDILVSQALMFFVAGFETTSSTMGFALYEFARNPDIQDKIRNEIKDISDKY-GDIKYD  339 

Query  2890  SIENMDYLDNVIKGILK  2940 

             S++ M+YLD  +K +L+ 
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Sbjct  340   SLKEMEYLDMCVKEVLR  356 

 

 Score = 36.6 bits (83),  Expect = 0.014 

 Identities = 14/45 (32%), Positives = 29/45 (65%), Gaps = 0/45 (0%) 

 Frame = +2 

Query  3971  PQSFLGRRFGLIAVKLAILQILKEFELHSTDETPVNLEFSTASLI  4105 

             P++ +G RFGL+  KL ++ ILKEF +   +++   ++F+   ++ 

Sbjct  432   PRNCIGARFGLLTAKLGLVHILKEFVVSCNEKSNEKIKFNPKGMV  476 

 

 

> CYP345H1Leptinotarsadecemlineata50 

Length=503 

 

 Score =  120 bits (300),  Expect(2) = 2e-47 

 Identities = 55/178 (31%), Positives = 104/178 (59%), Gaps = 2/178 (1%) 

 Frame = +1 

Query  1498  AAEYDPVTAHMLFIEKGEEWKLMRSKISPFFSPSKLKAMFGAIDNLGVSLRRHIDASPNR  1677 

             A   D + ++ +F +K   WK  R+K++P F+  KLKAMF  I N+   + ++++   N  

Sbjct  110   AEPQDEIMSNFMFFQKSPRWKSDRTKLTPVFTSGKLKAMFSLIYNVAEEMVKYLE--DNV  167 

Query  1678  SGLDVKELSSKFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIFDTRPITSFRFLCYFFF  1857 

               ++ K++S+++S DVIAKC FGIDA   + ++ +F +    + +     +F  + YFF  

Sbjct  168   GKIEAKDISARYSTDVIAKCAFGIDAYCFDDQESDFRKYGRLMLEFSLRNAFSQMSYFFI  227 

Query  1858  HSFAKIFRMKLFDADVVTFLRRVFWECIELREKNNVKGNDLIDIIVDLRKDNELSERI  2031 

              ++ KIF + LF  +V  +  + F + ++ RE +  + ND +D+++DL+  N+L E + 

Sbjct  228   QTWVKIFHINLFSEEVRNYFSQAFTQTMKSRELSKTRVNDFVDLLIDLKNSNQLPEEL  285 

 

 

 Score = 87.0 bits (214),  Expect(2) = 2e-47 

 Identities = 44/105 (42%), Positives = 71/105 (68%), Gaps = 0/105 (0%) 

 Frame = +3 

Query  1176  IMHWFIEVlllisfllyllhlyisRNYDYWQKRNVPFIKPRPFVGNMGEILLQKYNMSSF  1355 

             I  W +++++ I FL+  L +Y  RN+DYW+KR V   KP PF+GN+GE++  K  +S + 

Sbjct  3     IPSWILQLIIFIVFLICFLWMYSVRNFDYWKKRGVYSPKPTPFLGNIGELVFLKKCLSEW  62 

Query  1356  FEKLYNDMDAPFFGIFVFSKPALIVKDVKLLKNIFVKDFDHFMDQ  1490 

                LY   D  FFG+F+F +P+L++KD KL++ + +KD D+F D+ 

Sbjct  63    LSSLYFSTDERFFGVFMFDEPSLVLKDPKLIQLVMMKDADYFPDR  107 

 

 Score = 95.9 bits (237),  Expect = 2e-20 

 Identities = 46/93 (50%), Positives = 58/93 (63%), Gaps = 3/93 (3%) 

 Frame = +3 

Query  3402  EYLFVQTVETLRKYSPVPILDRVCTKDYKIPETDIVIEKGIITLVPPYGFQKDPKYFDNP  3581 

             +YL     ETLRKY  +  LDR C  DYK+P TD+VIEKG+   +P  G   D KYF+ P 

Sbjct  349   KYLKNCIYETLRKYPVLAFLDRSCIADYKLPGTDLVIEKGMRVYIPLAGLHLDEKYFEEP  408 

Query  3582  EEYIPERFES---IKEDMFYMPFGHGPRNCIGG  3671 

              +Y P+RF      +  +FYMPFG GPR C+GG 

Sbjct  409   RKYNPDRFSEKMYNQNGLFYMPFGEGPRKCLGG  441 

 

 Score = 82.0 bits (201),  Expect = 3e-16 

 Identities = 41/73 (57%), Positives = 52/73 (72%), Gaps = 1/73 (1%) 

 Frame = +1 

Query  2722  KVIAQALLFFVAGFETTGSTIAFTLHALCLNLDIQRKLRENIRDIIKKHGGKLTMESIEN  2901 

             K   QAL+FF AGFETT S+I+FTLH LCLN ++Q K+R  I + IK HGG +T ESI++ 

Sbjct  289   KACGQALMFFAAGFETTSSSISFTLHELCLNREVQNKVRAEILETIKNHGG-ITYESIQD  347 

Query  2902  MDYLDNVIKGILK  2940 

             M YL N I   L+ 

Sbjct  348   MKYLKNCIYETLR  360 

 

 Score = 43.9 bits (102),  Expect = 8e-05 

 Identities = 20/45 (45%), Positives = 30/45 (67%), Gaps = 0/45 (0%) 

 Frame = +2 

Query  3971  PQSFLGRRFGLIAVKLAILQILKEFELHSTDETPVNLEFSTASLI  4105 

             P+  LG RFGLI+ +LA++ IL +FE+    ETP  +EF   S++ 

Sbjct  435   PRKCLGGRFGLISTQLALIHILSKFEVQKCAETPDPIEFEPKSIL  479 

 

> CYP6AQ13LinepithemahumileargentineantLh6 

Length=516 

 

 Score =  133 bits (334),  Expect(2) = 7e-47 

 Identities = 69/176 (40%), Positives = 103/176 (59%), Gaps = 3/176 (1%) 

 Frame = +1 

Query  1498  AAEYDPVTAHMLFIEKGEEWKLMRSKISPFFSPSKLKAMFGAIDNLGVSLRRHIDASP--  1671 
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             A E D +    LF+ K   WKL+R+K++PFF+  K++ MF  I   G +L  ++D S    

Sbjct  115   ADENDRLGCANLFLIKNPAWKLLRTKLTPFFTSGKMRKMFDLILQCGENLDAYLDKSEFE  174 

Query  1672  -NRSGLDVKELSSKFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIFDTRPITSFRFLCY  1848 

              N S +DVKEL++KF+ DV+    FG++  S +  D EF +    IFD   + +F  L   

Sbjct  175   DNGSIVDVKELTAKFTTDVVGSTAFGLEVNSFKYPDAEFSKCRRMIFDYSTVRAFELLMV  234 

Query  1849  FFFHSFAKIFRMKLFDADVVTFLRRVFWECIELREKNNVKGNDLIDIIVDLRKDNE  2016 

             FF  S   +F +++F  +   FLR+VFWE    R  + VK NDLIDI+V L+++NE 

Sbjct  235   FFIPSIVSLFSIRIFGKEPTIFLRKVFWETFTQRINSGVKRNDLIDILVKLKENNE  290 

 

 Score = 72.0 bits (175),  Expect(2) = 7e-47 

 Identities = 34/85 (40%), Positives = 53/85 (63%), Gaps = 2/85 (2%) 

 Frame = +3 

Query  1248  RNYDYWQKRN-VPFIKPRPFVGNMGEILLQKYNMSSFFEKLYNDMDA-PFFGIFVFSKPA  1421 

             RN++YW+KR  V    P PF+GN  + L  K   + F ++LY+     P+ G +V  KP  

Sbjct  29    RNFNYWKKRGIVEMTPPTPFLGNFSDCLRFKKAPADFLKELYDQAKGLPYIGFYVLDKPF  88 

Query  1422  LIVKDVKLLKNIFVKDFDHFMDQHV  1496 

             L++ D +L+K I VKDF+HF D+++ 

Sbjct  89    LLICDRELVKQILVKDFNHFSDRYI  113 

 

 Score = 80.9 bits (198),  Expect = 6e-16 

 Identities = 39/92 (43%), Positives = 55/92 (60%), Gaps = 4/92 (4%) 

 Frame = +3 

Query  3405  YLFVQTVETLRKYSPVPILDRVCTKDYKIPETDIVIEKGIITLVPPYGFQKDPKYFDNPE  3584 

             YL +   ETLR Y P+  L+RV  K YK+ ++D+V+EK I   +   G   D +YF NPE 

Sbjct  365   YLDMVLSETLRMYPPLGYLNRVANKTYKMSDSDLVLEKNIPVYISALGLHYDAEYFPNPE  424 

Query  3585  EYIPERFES----IKEDMFYMPFGHGPRNCIG  3668 

             ++ PERF+      +    Y+PFG GP +CIG 

Sbjct  425   QFDPERFDEKNRHNRPSCVYLPFGDGPHSCIG  456 

 

 Score = 68.6 bits (166),  Expect = 3e-12 

 Identities = 34/83 (41%), Positives = 52/83 (63%), Gaps = 0/83 (0%) 

 Frame = +1 

Query  2692  NFFTFVLDGDKVIAQALLFFVAGFETTGSTIAFTLHALCLNLDIQRKLRENIRDIIKKHG  2871 

             N   F  DGD ++AQA  FF AG +T+ +TIAF L+ L +  +IQ +LRE I   + +   

Sbjct  293   NTENFTYDGDDLMAQAASFFSAGSDTSATTIAFALYELAVKPEIQNRLREEILHALDQSN  352 

Query  2872  GKLTMESIENMDYLDNVIKGILK  2940 

             GK+T + I+++ YLD V+   L+ 

Sbjct  353   GKITYDMIQSLPYLDMVLSETLR  375 

 

> CYP345B1Triboliumcastaneum111 

Length=506 

 

 Score =  118 bits (295),  Expect(2) = 1e-43 

 Identities = 58/182 (32%), Positives = 107/182 (59%), Gaps = 8/182 (4%) 

 Frame = +1 

Query  1504  EYDPVTAHMLFIEKGEEWKLMRSKISPFFSPSKLKAMFGAIDNLGVSLRRHIDASPNRSG  1683 

             E DP+ +H+LF+ K  +W+ MR KI+P F+  K+K M+  I   G  + +H+    ++S  

Sbjct  116   ENDPMGSHLLFLLKTPDWRDMRRKITPVFTSGKMKNMYSLISEAGNDMIQHMRKEVSKSD  175 

Query  1684  -LDVKELSSKFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIFD----TRPITSFRFLCY  1848 

              L+++E++++++ D I    FGI+A   + E  EF  ++ ++F+     R I++    CY 

Sbjct  176   QLEMREVAARYTTDAITSTSFGINANCFKNEKAEFREVSRRVFNWAIWERSIST---TCY  232 

Query  1849  FFFHSFAKIFRMKLFDADVVTFLRRVFWECIELREKNNVKGNDLIDIIVDLRKDNELSER  2028 

             F   +  K+F++K  D+   TFLR  FW  +  RE+     NDL+DI++D++K  ++++  

Sbjct  233   FIAPNLVKLFKLKFIDSASATFLREAFWRTMTDREEKKFVRNDLLDILIDIKKQEDINDP  292 

Query  2029  IK  2034 

              K 

Sbjct  293   YK  294 

 

 Score = 76.3 bits (186),  Expect(2) = 1e-43 

 Identities = 31/84 (37%), Positives = 53/84 (64%), Gaps = 0/84 (0%) 

 Frame = +3 

Query  1248  RNYDYWQKRNVPFIKPRPFVGNMGEILLQKYNMSSFFEKLYNDMDAPFFGIFVFSKPALI  1427 

             R +++W+ +NVP + P PF GN  E+   + N+  F  ++YN    PF G F+  +P L+ 

Sbjct  29    RKFNHWKSKNVPQVAPIPFFGNAFEVFTWRKNIGEFARQIYNSTTKPFIGFFICDEPYLL  88 

Query  1428  VKDVKLLKNIFVKDFDHFMDQHVS  1499 

             ++D +L+K+I VKDF  F ++ +S 

Sbjct  89    IRDPELVKSILVKDFAVFSNRSIS  112 

 

 Score = 93.6 bits (231),  Expect = 9e-20 

 Identities = 47/93 (51%), Positives = 60/93 (65%), Gaps = 4/93 (4%) 

 Frame = +3 
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Query  3402  EYLFVQTVETLRKYSPVPILDRVCTKDYKIPETDIVIEKGIITLVPPYGFQKDPKYFDNP  3581 

             EYL +   ETLRKY  +P LDR C  DY+IP +D+V+EKG    +   G   DP+YF +P 

Sbjct  359   EYLDMCIKETLRKYPVLPFLDRKCDTDYRIPGSDVVLEKGSPVFISVSGLHYDPQYFPDP  418 

Query  3582  EEYIPERF--ESIKE--DMFYMPFGHGPRNCIG  3668 

             ++Y P RF  E+IK      Y+PFG GPRNCIG 

Sbjct  419   DKYDPLRFTEENIKSRPQFTYLPFGEGPRNCIG  451 

 

 Score = 91.7 bits (226),  Expect = 4e-19 

 Identities = 43/79 (55%), Positives = 61/79 (78%), Gaps = 1/79 (1%) 

 Frame = +1 

Query  2704  FVLDGDKVIAQALLFFVAGFETTGSTIAFTLHALCLNLDIQRKLRENIRDIIKKHGGKLT  2883 

             + LDGDK++AQA  FFVAGFETT STI FTL+ L +N D+Q KL+  IRD+++KH G+++ 

Sbjct  293   YKLDGDKLVAQATQFFVAGFETTSSTICFTLYELAINKDLQNKLKSEIRDVVRKH-GEIS  351 

Query  2884  MESIENMDYLDNVIKGILK  2940 

               S+++M+YLD  IK  L+ 

Sbjct  352   YNSLKDMEYLDMCIKETLR  370 

 

 Score = 35.8 bits (81),  Expect = 0.023 

 Identities = 15/60 (25%), Positives = 31/60 (52%), Gaps = 0/60 (0%) 

 Frame = +2 

Query  3971  PQSFLGRRFGLIAVKLAILQILKEFELHSTDETPVNLEFSTASLIPQPIQQLKMSFINTD  4150 

             P++ +G RFG ++ K  + +I+ EFE+   ++T   ++      +  P+  L + F   D 

Sbjct  446   PRNCIGARFGSVSSKSGVAKIISEFEVDLCEKTQHPIQIDPKGFLMAPVSDLVLKFKRLD  505 

 

> CYP6K1BlatellagermanicaGermancockroachJeffScottAF281328 

Length=524 

 

 Score =  120 bits (300),  Expect(2) = 2e-43 

 Identities = 57/185 (31%), Positives = 101/185 (55%), Gaps = 7/185 (3%) 

 Frame = +1 

Query  1498  AAEYDPVTAHMLFIEKGEEWKLMRSKISPFFSPSKLKAMFGAIDNLGVSLRRHIDASPNR  1677 

             AAE D + +  LF   G  WK +R K+SP F+  ++K M+  +++    L+ ++  + N  

Sbjct  113   AAESDTLGSQNLFTLNGAPWKYLRVKLSPTFTSGRMKKMYPLVESCAKQLQDYLKENCNT  172 

Query  1678  SGLDVKELSSKFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIFDTRPITSFRFLCYFFF  1857 

               ++VKE ++K++ DVI+ C FGI++ SL+  + EF     KIF+     +F  +  FF  

Sbjct  173   KAIEVKETTAKYATDVISTCAFGIESNSLKDPNAEFREFGRKIFEFTRYRTFEVMALFFS  232 

Query  1858  HSFAKIFRMKLFDADVVTFLRRVFWECIELREKNNVKGNDLIDIIVDLR-------KDNE  2016 

                 K      F  +   FLR+VFW+ I  RE N +  +D +D+++ L+       +D E 

Sbjct  233   PGLVKFLNGNFFTKETTEFLRKVFWDTINFRESNKISRDDFMDLLIQLKNKGTIDNEDGE  292 

Query  2017  LSERI  2031 

             ++E++ 

Sbjct  293   VTEKV  297 

 

 Score = 73.2 bits (178),  Expect(2) = 2e-43 

 Identities = 30/82 (37%), Positives = 51/82 (63%), Gaps = 0/82 (0%) 

 Frame = +3 

Query  1254  YDYWQKRNVPFIKPRPFVGNMGEILLQKYNMSSFFEKLYNDMDAPFFGIFVFSKPALIVK  1433 

             + YW+++ V   KP P  GN    +LQK +       +Y   +APF G ++F++PA+++K 

Sbjct  31    FTYWKRKGVVNPKPLPVFGNFLPSVLQKRSPGQILWDIYKAAEAPFVGFYIFARPAILIK  90 

Query  1434  DVKLLKNIFVKDFDHFMDQHVS  1499 

             D  ++K++ VKDF+ F D+H S 

Sbjct  91    DPNIIKHVLVKDFNAFSDRHAS  112 

 

 Score =  100 bits (250),  Expect = 6e-22 

 Identities = 45/92 (49%), Positives = 61/92 (67%), Gaps = 4/92 (4%) 

 Frame = +3 

Query  3405  YLFVQTVETLRKYSPVPILDRVCTKDYKIPETDIVIEKGIITLVPPYGFQKDPKYFDNPE  3584 

             YL +   ETLRKY P+P+LDRVC +DYK+P TD++IE+     +   G  +DP+Y+ NPE 

Sbjct  375   YLHMVVSETLRKYPPLPLLDRVCLQDYKVPGTDLIIERDTPVFIALLGLHRDPQYYPNPE  434 

Query  3585  EYIPERF----ESIKEDMFYMPFGHGPRNCIG  3668 

              Y PERF    +  ++   Y+PFG GP NCIG 

Sbjct  435   RYDPERFSEENKRQRKAYTYLPFGEGPHNCIG  466 

 

 Score = 68.6 bits (166),  Expect = 3e-12 

 Identities = 33/79 (42%), Positives = 47/79 (60%), Gaps = 0/79 (0%) 

 Frame = +1 

Query  2704  FVLDGDKVIAQALLFFVAGFETTGSTIAFTLHALCLNLDIQRKLRENIRDIIKKHGGKLT  2883 

             F   GD +++Q  LFF AGFET  +T++FTL+ L L  D+Q +LR  I  ++K   GK T 

Sbjct  307   FEFTGDNLVSQPALFFTAGFETNATTLSFTLYELSLQPDLQNRLRSEIAGVMKTSNGKPT  366 

Query  2884  MESIENMDYLDNVIKGILK  2940 

              E +  M YL  V+   L+ 



 
 

48 
 

Sbjct  367   YEDVFGMPYLHMVVSETLR  385 

 

 Score = 46.2 bits (108),  Expect = 2e-05 

 Identities = 21/59 (36%), Positives = 36/59 (62%), Gaps = 0/59 (0%) 

 Frame = +2 

Query  3971  PQSFLGRRFGLIAVKLAILQILKEFELHSTDETPVNLEFSTASLIPQPIQQLKMSFINT  4147 

             P + +G RFG +AVK A++ +L EFE+    +TP+ LE ST S +      + ++F+ + 

Sbjct  461   PHNCIGLRFGYMAVKTALVHMLAEFEVKPCKDTPIPLELSTRSSVLATTSGIPLTFVKS  519 

 

> CYP6AQ14LinepithemahumileargentineantLh6 

Length=516 

 

 Score =  122 bits (305),  Expect(2) = 5e-43 

 Identities = 64/176 (37%), Positives = 100/176 (57%), Gaps = 5/176 (2%) 

 Frame = +1 

Query  1495  LAAEYDPVTAHMLFIEKGEEWKLMRSKISPFFSPSKLKAMFGAIDNLGVSLRRHIDASPN  1674 

             LA   D +    LF  + + WK++R+K++PFF+  K+K MF  +   G  L  H++ SP  

Sbjct  114   LADPKDRLGYATLFFLRNQAWKIIRTKMTPFFTSGKMKKMFELMIQCGKHLDEHLN-SPE  172 

Query  1675  RSG----LDVKELSSKFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIFDTRPITSFRFL  1842 

               G    +++KEL++KF+ DVI    FG++  S +  D EF +    IF    I  F  L 

Sbjct  173   FEGKGKTIEIKELTAKFTTDVIGSTAFGLEVNSFKDPDAEFRKYGKMIFHYNAIRGFEML  232 

Query  1843  CYFFFHSFAKIFRMKLFDADVVTFLRRVFWECIELREKNNVKGNDLIDIIVDLRKD  2010 

               FF     ++ ++K+F  +   FLR+VFWE I  R K+  K NDLIDI+V+L+++ 

Sbjct  233   AIFFLPEIVRLAKVKMFGKEPTEFLRKVFWETINQRMKSGAKRNDLIDILVELKQN  288 

 

 Score = 70.1 bits (170),  Expect(2) = 5e-43 

 Identities = 33/85 (39%), Positives = 53/85 (63%), Gaps = 2/85 (2%) 

 Frame = +3 

Query  1248  RNYDYWQKRNVP-FIKPRPFVGNMGEILLQKYNMSSFFEKLYNDMDA-PFFGIFVFSKPA  1421 

             R + YW+KR +     P PF GN  + LL K   + F ++LY+     P+ G +V  KP  

Sbjct  29    RKFKYWKKRGISETAPPTPFFGNFADCLLFKKAPADFLKELYDQAKGLPYIGFYVLDKPI  88 

Query  1422  LIVKDVKLLKNIFVKDFDHFMDQHV  1496 

             L+++D +L+KNI VKDF++F +++V 

Sbjct  89    LLIRDRELVKNILVKDFNYFSNRYV  113 

 

 Score = 77.8 bits (190),  Expect = 5e-15 

 Identities = 37/92 (41%), Positives = 54/92 (59%), Gaps = 4/92 (4%) 

 Frame = +3 

Query  3405  YLFVQTVETLRKYSPVPILDRVCTKDYKIPETDIVIEKGIITLVPPYGFQKDPKYFDNPE  3584 

             YL +   E+LR Y P+  L+R+ T+ YK+P +++V+EK     +   G   DP+YF NPE 

Sbjct  366   YLDMVVSESLRMYPPLGYLNRITTEPYKLPNSNLVLEKDTPVYISMLGMHYDPEYFPNPE  425 

Query  3585  EYIPERF----ESIKEDMFYMPFGHGPRNCIG  3668 

             ++ PERF    +  +    Y PFG GP  CIG 

Sbjct  426   KFDPERFNEENKRNRPSTVYFPFGEGPHACIG  457 

 

 Score = 68.2 bits (165),  Expect = 4e-12 

 Identities = 32/79 (41%), Positives = 53/79 (68%), Gaps = 0/79 (0%) 

 Frame = +1 

Query  2704  FVLDGDKVIAQALLFFVAGFETTGSTIAFTLHALCLNLDIQRKLRENIRDIIKKHGGKLT  2883 

             F  DGD ++AQA  FF AGFET+ +TI+F L+ L L  ++Q +LR+ I + +++  GK+T 

Sbjct  298   FTYDGDDLMAQAASFFSAGFETSATTISFALYELALCPEMQNRLRKEILEALEQSNGKIT  357 

Query  2884  MESIENMDYLDNVIKGILK  2940 

              + + ++ YLD V+   L+ 

Sbjct  358   YDLVMSLPYLDMVVSESLR  376 

 

 Score = 37.0 bits (84),  Expect = 0.010 

 Identities = 22/63 (35%), Positives = 38/63 (61%), Gaps = 3/63 (4%) 

 Frame = +2 

Query  3971  PQSFLGRRFGLIAVKLAILQILKEFELHSTDET--PVNLEFSTASLIP-QPIQQLKMSFI  4141 

             P + +G RFGL+  KL I++ILK+ E+  +++T  PV ++   A L P   +  L +  + 

Sbjct  452   PHACIGNRFGLLQSKLGIMEILKKCEVTPSEKTTIPVQIDPRGAMLAPLNGVLYLNIRKL  511 

Query  4142  NTD  4150 

             NT+ 

Sbjct  512   NTN  514 

 

> CYP6J1AF281325BlattellagermanicaGermancockroachJeffScott12099 

Length=501 

 

 Score =  108 bits (270),  Expect(2) = 2e-42 

 Identities = 55/165 (34%), Positives = 93/165 (57%), Gaps = 1/165 (0%) 

 Frame = +1 
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Query  1513  PVTAHMLFIEKGEEWKLMRSKISPFFSPSKLKAMFGAIDNLGVSLRRHIDA-SPNRSGLD  1689 

             P+ A+ +F  +G++WK +R+ ++P F+  K+K MF  +D  G  L   I+  +   + +  

Sbjct  119   PLNANAIFALRGQKWKHVRTSLTPTFTTGKMKNMFYLVDKCGQQLVLFIEKFAKAENPVA  178 

Query  1690  VKELSSKFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIFDTRPITSFRFLCYFFFHSFA  1869 

             VK+   +F++DV A C FGI+  SL+    EF  + H+IF     ++   L  FF      

Sbjct  179   VKDAVERFTMDVTAMCAFGIECNSLQDPKAEFSNLLHRIFQLSFTSAVANLATFFAPWVQ  238 

Query  1870  KIFRMKLFDADVVTFLRRVFWECIELREKNNVKGNDLIDIIVDLR  2004 

               FR+KL D+++   +R + W  + LREK   K NDL+D +++LR 

Sbjct  239   NFFRLKLMDSEIEDRIRDIVWRAVHLREKTGEKRNDLLDYLMELR  283 

 

 

 Score = 82.0 bits (201),  Expect(2) = 2e-42 

 Identities = 34/84 (41%), Positives = 62/84 (74%), Gaps = 1/84 (1%) 

 Frame = +3 

Query  1248  RNYDYWQKRNVPFIKPRPFVGNMGEILLQKYNMSSFFEKLYND-MDAPFFGIFVFSKPAL  1424 

             R++++W+KR V +++P PF GN+ ++LLQK  +  + + +Y + ++ P+ GIF F +PAL 

Sbjct  28    RHFNFWKKRGVIYVRPLPFFGNLKDVLLQKKYIGYYLKDIYEENINKPYVGIFAFDQPAL  87 

Query  1425  IVKDVKLLKNIFVKDFDHFMDQHV  1496 

             +V D++++KNI VKD  +F+D+ V 

Sbjct  88    LVNDLEIVKNILVKDSRNFIDRMV  111 

 

 Score = 82.0 bits (201),  Expect = 3e-16 

 Identities = 42/93 (46%), Positives = 58/93 (63%), Gaps = 5/93 (5%) 

 Frame = +3 

Query  3402  EYLFVQTVETLRKYSPVPILDRVCTKDYKIPETDIVIEKGIITLVPPYGFQKDPKYFDNP  3581 

             +YL +   ETLRKY  +P LDR C +DY + + D+++  G    +P Y    D KYF +P 

Sbjct  355   KYLDMVVNETLRKYPAIPFLDRRCQEDYPLTQ-DLMLPAGTGVYIPVYALHHDSKYFPSP  413 

Query  3582  EEYIPERF-ESIKEDM---FYMPFGHGPRNCIG  3668 

              ++ PERF E  K+++    YMPFG GPRNCIG 

Sbjct  414   AKFDPERFSEKNKQNIPHFAYMPFGEGPRNCIG  446 

 

 Score = 69.7 bits (169),  Expect = 1e-12 

 Identities = 35/80 (44%), Positives = 50/80 (63%), Gaps = 0/80 (0%) 

 Frame = +1 

Query  2701  TFVLDGDKVIAQALLFFVAGFETTGSTIAFTLHALCLNLDIQRKLRENIRDIIKKHGGKL  2880 

             T  LDGD  +AQA  F VAGF T+  T+ F L+ L ++ DIQ   R  I+D+++ H  K+ 

Sbjct  287   TSKLDGDDFVAQAFGFLVAGFHTSSMTLTFALYELSVHQDIQTTARTEIKDVLEHHKKKV  346 

Query  2881  TMESIENMDYLDNVIKGILK  2940 

             T  SI++M YLD V+   L+ 

Sbjct  347   TYYSIKDMKYLDMVVNETLR  366 

 

 Score = 33.1 bits (74),  Expect = 0.15 

 Identities = 15/37 (41%), Positives = 23/37 (63%), Gaps = 0/37 (0%) 

 Frame = +2 

Query  3971  PQSFLGRRFGLIAVKLAILQILKEFELHSTDETPVNL  4081 

             P++ +G RFG + VK A++ IL  FE+    ET + L 

Sbjct  441   PRNCIGMRFGSMQVKAALIHILSNFEVSPCKETRIPL  477 

 

> CYP6AQ18PogonomyrmexbarbatusPb6AQseq4i291 

Length=291 

 

 Score =  110 bits (275),  Expect(2) = 2e-42 

 Identities = 59/162 (37%), Positives = 95/162 (59%), Gaps = 3/162 (1%) 

 Frame = +1 

Query  1531  LFIEKGEEWKLMRSKISPFFSPSKLKAMFGAIDNLGVSLRRHIDASPNRSG-LDVKELSS  1707 

             LF  K   WK++R K++PFF+  KLK MFG +     +L  ++D+   +   +DVK+LS+ 

Sbjct  125   LFSIKNPAWKIIRMKLTPFFTSGKLKKMFGLMLECTKNLEDYLDSLKLKGKVIDVKDLSA  184 

Query  1708  KFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIFDTRPITSFRFLCYFFFHSFAKIFRMK  1887 

             K +++VI    +G+D    +  D  F +    IF+   I S+  L  FF  +  +  R K 

Sbjct  185   KLTMNVINSTAYGLDTNPFK--DPNFYKYGRMIFNNSYIRSWEILALFFLPNVVRRTRFK  242 

Query  1888  LFDADVVTFLRRVFWECIELREKNNVKGNDLIDIIVDLRKDN  2013 

             LF  +   FLR++FWE I  R +++ K NDLIDI+V+L+K++ 

Sbjct  243   LFGKETTIFLRKIFWETITKRMESDTKRNDLIDILVELKKNS  284 

 

Fig. 1.5. BLASTx output obtained when contig ‘McKenna_63104’ was subjected to a 

BLAST search against the entire database of CYP genes (different fragments of CYPs 

from different organisms). The output was further scanned to obtain exon-intron 

boundaries after translating the entire contig. The fragments were then assembled 
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together with consideration of the ‘nucleotide number.’ When the count is on the positive 

reading frame, then the ‘nucleotide number’ on the query sequence is considered when 

assembling the pieces. However, if the count is on negative reading frame, then the 

‘nucleotide number’ of the subject sequence is used.  

-------------------------------------------------------------------------------------------------------- 

            

            
            

During the phase boundary detection, the consensus regions are generally 

considered part of the exon. After detecting the boundary, intronic regions were 

eliminated from the final query sequence output.  

The resulting sequences were assembled on the basis of the ‘nucleotide number’ 

on the query sequence if the sequence was in the positive reading frame. Otherwise (if the 

query was in the negative reading frame’), the ‘nucleotide number’ of the subject 

sequence was considered. The output obtained after the phase detection for 

contig’McKenna_63104’ is given in Fig. 1.6. 

            

            
  
Query= McKenna_1kb_R1.PF_(paired)_contig_63104 Average coverage: 216.51 

 

Query  1176  (2)WFIEVlllisfllyllhlyisRNYDYWQKRNVPFIKPRPFVGNMGEILLQKYNMSSF     1355 

Query  1356  FEKLYNDMDAPFFGIFVFSKPALIVKDVKLLKNIFVKDFDHFMDQHVS(2)              1499 

Query  1507  (2)YDPVTAHMLFIEKGEEWKLMRSKISPFFSPSKLKAMFGAIDNLGVSLRRHIDASPNRSGL  1686            

Query  1687  DVKELSSKFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIFDTRPITSFRFLCYFFFHSF     1866            

Query  1867  AKIFRMKLFDADVVTFLRRVFWECIELREKNNVKGNDLIDIIVDLRKDNE(2)  

Query  2713  (1)GDKVIAQALLFFVAGFETTGSTIAFTLHALCLNLDIQRKLRENIRDIIKKHGGKLTMES    2892 

Query  2893  IENMDYLDNVIKG(1)                                                  2916 

Query  3402  (1)SEYLFVQTVETLRKYSPVPILDRVCTKDYKIPETDIVIEKGIITLVPPYGFQKDPKYFDNP  3581 

Query  3582  EEYIPERFESIKEDMFYMPFGHGPRNCI(1)                                   3668 

             (1)GRRFGLIAVKLAILQILKEFELHSTDETPVNLEFSTASLI                       4105           

Query  4106  PQPIQQLKMSFINT(1)                                                 4147 

 

Fig. 1.6. BLASTx output when contig 63104 was assembled on the basis of 

phase information. In the output, the number on the query and subject 

sequence is the ‘nucleotide number,’ and the number within the brackets 

indicates the phase of the sequence. 
------------------------------------------------------------------------------------------------------------ 
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The final assembled exon sequence for specific genes or contigs are checked 

through BLASTp to assign them to specific families and to check the coverage for the 

gene. In the following example, the previously assembled sequence subjected to a 

BLASTp search was revealed to provide good coverage for the CYP345A2 gene 

(presenting 19–487 amino acids in contig ’McKenna_ 63104’). If the gene fragments are 

present on multiple contigs, then the fragments are assembled by observing their family 

and the region of specific gene coverage. In the latter case, after assembling the specific 

fragment of the gene, the assembly was subjected to a BLASTp search  (given in Fig. 

1.7) to detect their family and gene coverage. 

 

 

             
Query=McKenna_1kb_R1.PF_paired_contig_63104Averagecoverage:216.51 

Length=490 

                                                              Score    E 

Sequences producing significant alignments:                       (Bits)  Value 

 

  CYP345A2Triboliumcastaneum111                                   426    1e-120 

  CYP345A1Triboliumcastaneum111                                   421    7e-119 

  CYP345H1Leptinotarsadecemlineata50                              389    3e-109 

  CYP345C1Triboliumcastaneum111                                   365    5e-102 

  CYP345B1Triboliumcastaneum111                                   363    1e-101 

 

> CYP345A2Triboliumcastaneum111 

Length=505 

 

 Score =  426 bits (1096),  Expect = 1e-120, Method: Compositional matrix adjust. 

 Identities = 222/487 (46%), Positives = 303/487 (63%), Gaps = 32/487 (6%) 

 

Query  19   YISRNYDYWQKRNVPFIKPRPFVGNMGEILLQKYNMSSFFEKLYNDMDAPFFGIFVFSKP  78 

            Y SRN+D+W+K+NV + KP PF GN  +I L +  +     KLYN    PFFGIFVF KP 

Sbjct  25   YFSRNFDHWEKKNVFYFKPIPFFGNFVDISLFRTTIGEHLAKLYNQTTEPFFGIFVFDKP  84 

Query  79   ALIVKDVKLLKNIFVKDFDHFMDQHVS---YDPVTAHMLFIEKGEEWKLMRSKISPFFSP  135 

             LI+K  +L+K I V+DF++F D+ ++   +DP+  +MLF+ K  EWK +R K++P F+  

Sbjct  85   HLIIKSPELVKTILVRDFNNFDDRCIASPHHDPLVKNMLFLNKNPEWKNVRVKMTPVFTT  144 

Query  136  SKLKAMFGAIDNLGVSLRRHIDASPNRSGLDVKELSSKFSVDVIAKCVFGIDAKSLEIED  195 

             KLK M   I+++G ++ ++I        L+ KE+ +KFS DVIAKC FGI+A S + ED 

Sbjct  145  GKLKGMIPLINDVGETMTKYIAQKIPNFSLEAKEICAKFSTDVIAKCAFGINANSFKNED  204 

Query  196  GEFLRIAHKIFDTRPITSFRFLCYFFFHSFAKIFRMKLFDADVVTFLRRVFWECIELREK  255 

             EF +I  +IFD R  T+ +   YFF      + + ++ D D   FLR  FW  I+LRE+ 

Sbjct  205  AEFRKIGRRIFDFRWSTAIQQTSYFFLPGLVNLLKFRMLDKDASDFLRETFWHTIKLREE  264 

Query  256  NNVKGNDLIDIIVDLRKDN---------EGDKVIAQALLFFVAGFETTGSTIAFTLHALC  306 

             N+K NDLID I+ L KDN         EGDKV+AQA  FFVAGFETT ST+AFTL+ LC 

Sbjct  265  KNLKANDLIDAIIAL-KDNQEFCKNMNFEGDKVVAQAAQFFVAGFETTSSTMAFTLYELC  323 

Query  307  LNLDIQRKLRENIRDIIKKHGGKLTMESIENMDYLDNVIKGSEYLFVQTVETLRKYSPVP  366 

            L    QR++R  I   +K+H G LT E++++M YL+  +           ETLRKY  +P 

Sbjct  324  LQPQFQRRVRAEIATCLKEHNG-LTYEALQSMKYLNMCV----------CETLRKYPVLP  372 

Query  367  ILDRVCTKDYKIPETDIVIEKGIITLVPPYGFQKDPKYFDNPEEYIPERFESIKEDM---  423 

             LDR C +DYK+P +++VIEKG    +P +G   DP+YF NP++Y PERF    E+M    

Sbjct  373  FLDRTCKEDYKLPNSNVVIEKGTPVFIPMFGLHYDPQYFPNPQKYDPERFSD--ENMQNI  430 

Query  424  ---FYMPFGHGPRNCIGRRFGLIAVKLAILQILKEFELHSTDETPVNLEFSTASLIPQPI  480 
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                Y+PFG GPRNCIG RFGLI  KL ++ IL EFE+  + +TPV LEF   S +     

Sbjct  431  TPFSYIPFGEGPRNCIGERFGLIGTKLGLIHILSEFEVEKSSDTPVPLEFEPKSFVLASK  490 

Query  481  QQLKMSF  487 

              L M F 

Sbjct  491  VGLPMKF  497 

Fig. 1.7. BLASTp output obtained after assembling contig ‘McKenna_63104’ (for which 

the identity value for the sequence search is 48%, the E-value is e−120 for the search and 

the coverage is amino acids 19−487). 

------------------------------------------------------------------------------------------------------------ 

            

            

  

Annotation of CYPs though Global Protein Database Searches 

 

The potential 189 H. axyridis genomic sequence pieces were further studied by 

BLAST search (BLASTx) of the 189 candidate contigs in different publicly available 

protein databases such as TrEMBL, Flybase and Beetlebase. The output obtained are 

studied on the basis of their identity (proteins) using BLASTx by search against all 

possible genome sequences in publicly available global protein database. The search 

output infer that the sequence matches obtained from Flybase were of low identity  in 

comparison to the original annotation in the case of Flybase. One possible reason for the 

low similarity was through Flybase (http://flybase.org/BLAST/), the best possible 

similarity matches obtained were mostly Drosophila sequences, which are not the best 

matches for a beetle gene. According to phylogeny, though Tribolium is not closely 

associated with H. axyridis (diverged more than 200 Ma ago), but is also a Coleopteran 

genome (the only well annotated beetle genome available), hence preferred as a reference 

genome. Forwhich, the contigs were searched against Beetlebase 

(http://beetlebase.org/BLAST/BLAST.html) to locate a suitable match. However, the 

BLASTx output obtained represents various chromosomal regions of T. castaneum that 
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are difficult to associate with specific genes; hence, annotation using Beetlebase was not 

preferred.  

Nevertheless, the BLASTx output from Swiss-Prot/TrEMBL 

(http://www.ebi.ac.uk/Tools/sss/ncbiBLAST/) resulted in a few very good annotations 

that are comparable to our original CYP annotations (obtained from the traditional gene 

annotation process). During the BLASTx search using TrEMBL, all possible protein 

sequences in the several databases were considered, as listed in Table 4.1. 

 

 

 

Table 4.1. Databases searched for the annotation of the CYPs of H. axyridis by NCBI 

BLAST searches using Swiss-Prot/TrEMBL.  

Primary database Subsets of the primary database 

UniProt Knowledgebase  

UniProtKB/Swiss-Prot  

UniProtKB/Swiss-Prot isoforms  

UniProtKB/TrEMBL  

UniProtKB Taxonomic Subsets 

UniProtKB Archaea 

UniProtKB Arthropoda 

UniProtKB Bacteria 

UniProtKB Complete Microbial Proteomes 

UniProtKB Eukaryota 

UniProtKB Fungi 

UniProtKB Human 

UniProtKB Mammals 

UniProtKB Nematoda 

UniProtKB PDB 

UniProtKB Rodents 

UniProtKB Vertebrates 

UniProtKB Viridiplantae 

UniProtKB Viruses 

UniProt Clusters 

UniProt Clusters 100% 

UniProt Clusters 100% (SEG-filtered) 

UniProt Clusters 90% 

UniProt Clusters 50% 
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Table 4.1. Databases searched for the annotation of the CYPs of H. axyridis by NCBI 

BLAST searches using Swiss-Prot/TrEMBL.  

Primary database Subsets of the primary database 

Patents 

 

EPO Patent Protein Sequences 

JPO Patent Protein Sequences 

KIPO Patent Protein Sequences 

USPTO Patent Protein Sequences 

NR Patent Proteins Level 1 

NR Patent Proteins Level 2 

Structure  

Other Protein Databases 

UniProt Archive 

International Protein Index 

IntAct 

IMGT/HLA 

IPD-KIR 

IPD-MHC 

           

            

  

During the BLAST search using the individual web browsers in the 

aforementioned 3 websites, only 1 contig could be used for BLAST search at a time. We 

were able to recover 75 good matches with a good percentage identity (ranging from 45 

to 90%) with preferred E-values (<e−5). However, the top 10 BLASTp hits from these  

database (publicly available protein database) searches were observed to have lower 

identity scores; although the BLAST output in the web TrEMBL gave us a much better 

output, the total number of best hits obtain from entire 189 candidate contigs was very 

low. Hence we conclude that the traditional semiautomated gene annotation is precise 

and accurate.  
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Protocol for Automated Gene Annotation 

 

The traditional semiautomated gene annotation process was found to be the most 

accurate. However, when the time allotted for complete gene annotation is limited, 

automated gene annotation is preferred. The accuracy of a single automated annotation 

algorithm is questionable. Different software are preferred for specific organisms, as their 

algorithms can fit best to estimate specific genomes based on the nature of the genomic 

elements (e.g., intron size, codon usage, the intron-exon boundary) (Carle-Urioste et al. 

1997). One such example is Glimmer, which is a preferred tool for microbial automated 

gene annotation (Kelley et al. 2012). Automated gene annotation procedures (based on 

HMM) are gradually adopting different parameters to estimate (and therefore annotate) 

the genome more accurately (Pedersen et al. 2003).  

Before using different available automated gene annotation software on the H. 

axyridis genome, we determined the most useful software for high-sensitivity gene 

detection. In this study, we used the LGX chromosome of T. castaneum (33,080–236,581 

bp). This region of the T. castaneum genome is well annotated with 111 exons and 24 

genes (http://beetlebase.org/cgibin/gbrowse/BeetleBase3.gff3/#search). We attempted to 

annotate this genomic region using different gene prediction software and then contrasted 

it with the original (traditional) annotation to assign a sensitivity estimate to each 

software. 

In this procedure, the DNA sequence of the T. castaneum LGX chromosome was 

collected from GenBank. The single large contig was used for gene prediction, after 
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which the results were compared from various software programs. The output of the gene 

estimation sensitivity from software is given in appendix Table A.1.2, and the summary 

table from the sensitivity study is shown in Table 4.2 and software vs sensitivity plot for 

is provided in Fig.2. 

 

            

  

Table 4.2. Estimate of the total number of exonic regions in the LGX genomic region of 

Tribolium castaneum predicted by each software. The gene prediction software used 

included Augustus, Fgenesh, GeneID, GeneMark, NCBI ORF Finder, SNAP and 

GenScan [sensitivity = (number of true positive exons obtained/total number of exons)]. 

Estimate Augustus Fgenesh Gene ID GeneMark 
ORF Finder 

NCBI 
SNAP GenScan 

Sum 83 68 27 11 50 34 80 

Sensitivity 0.741 0.607 0.241 0.098 0.446 0.304 0.714 

            

            

  

 
Fig. 2. Plot of the sensitivity of different software used in gene prediction analysis 

 [sensitivity = (number of true positive exons obtained/total number of exons)]. 

------------------------------------------------------------------------------------------------------------ 
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The annotation tools and software used in the analysis above employ HMM-based 

algorithms. However, they use different criteria to detect the coding regions. In the 

aforementioned analysis, the sensitivity study was performed based on the sensitivity of 

software to estimate the 5′ coding region. However a cutoff of ±20 was allowed to obtain 

optimal sensitivity. In addition, in specific cases, we expanded the cutoff to ±30, e.g., 

when we found that none of the above software were able to detect specific exonic 

sequences. The various algorithms implemented in the aforementioned software are given 

in Table 1.2. 

In summary, we found that Augustus, GenScan and Fgenesh have highest 

sensitivity scores, whereas estimation by GeneMark had the lowest sensitivity. In 

addition, we considered the software with the highest and lowest sensitivity scores for 

automated CYP gene annotation. 

During the automated gene annotation process, nucleotide sequences were 

provided as input to the software (Augustus, Fgenesh (pipeline), Fgenes (pipeline), 

GenScan, GeneMark and Swiss-Prot/TrEMBL NCBI BLASTx). The resulting exonic 

sequences from Fgenesh and Fgenes were subjected to BLASTp to find the similarity of 

their output. Based on the resulting output (using a cutoff < e−3), we obtained the best 

matching hit from each software. We screened out the false positives from the actual 

output using the best E-value cutoff and similarity score.     
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Gene Prediction Using Augustus, GenScan and GeneMark  

 

Gene prediction Using Augustus 

 

Augustus uses species-specific parameters together with estimation using the 

Markov chain transition probability of coding and noncoding regions. The annotation 

parameters could also be trained on training sets in the GenBank format for specific 

annotated genes. The aforementioned parameters are stored in the config directory in 

different files containing the parameters for the exon, intron and intergenic region-related 

parameters. In addition, various species-specific information was included, such as the 

optimal order of the Markov chain or the length of the window used in the splice site 

model (otherwise known as metaparameters). However, these parameters are stored in a 

species-specific file that is separate from the aforementioned files, e.g. 

Tribolium_parameters.cfg. These parameters are optimized to give the best estimates for 

a working set based on different species along with the training set. In particular, the 

specific information on the training set includes extremely crucial parameters that are 

prestandardized and optimized for a specific group of organisms to provide the best 

estimation. In sum, the estimates with the meta-parameters of another species of another 

training set would result in a less than optimal prediction.  

The species with nondocumented meta-parameters also could be documented 

using the program’s ‘entraining’ reads. This helps to store the meta-parameters in the 

form of .cfg and GenBank files with annotated information and also in writing the species 

specific parameters into 3 .pbl files. 
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For our specific gene annotation process, we used the readily available web-based 

tool, a snapshot of web interface is provided in Fig.3. However, one could download the 

Augustus pipeline onto a local server and use the command line options (elaborated in the 

program manual: http://augustus.gobics.de/binaries/README.TXT). 

           

            

         

 
Fig. 3. Web interface for the Augustus gene prediction server. In the “paste sequence(s) 

here” tab, the user can paste the sequences or upload a file to provide a path to a file in 

the local system for analysis. In the “Organism” tab, the user can select various 

taxonomic groups of organisms; specifically, the most closely related groups are 

preferred for the most accurate gene prediction.” The “Report gene on” tab provides the 

http://augustus.gobics.de/binaries/README.TXT


 
 

60 
 

option to search genes on both strands, and the “alternative transcript” option allows 

different probable transcripts. 

------------------------------------------------------------------------------------------------------------ 

 

            

             

In the process of gene prediction for sensitivity testing using a small number of 

contigs, we used the web server. One can simply provide the path to the query file and 

name the model set organism. One could also specify options for the location of genes in 

specific strands and the degree of alternative splicing to allow during the prediction of the 

expected exons. An example of Augustus gene prediction output is shown in Fig. 4. 
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Fig. 4. Output format of Augustus gene prediction. The output format of Augustus gene 

prediction proceeds as follows. The first few lines provide the title heading information, 

and the subsequent lines provide information about the predicted gene from the 

sequences (details provided in the text). The first few lines are divided into specific 

columns that provide details about the predicted region. The next few lines provide 

information about the open reading frame (ORF) and the most probable translated 

protein. 

------------------------------------------------------------------------------------------------------------ 

 

 

 

In the aforementioned output of Augustus, the first column specifies the sequence 

name, and the second column provides the name of the program that generated the 

output. The third column specifies the type of hit generated, the fourth and fifth columns 

specify the starting and ending positions of the hit, respectively, the sixth column gives 

scores for the prediction, the seventh column indicates the strand on which the gene was 

found and the eighth column gives the reading frame defined in the GFF standard. The 

ninth column gives other arbitrary information and information about the string identifier. 

Following the former information, the sequence of the ORF after alternative splicing is 

given, and information about the exonic regions is provided in the form of amino acid 

sequences (alternate output could be specified before running Augustus). However, while 

running Augustus for whole-genome assembly, installation of the software locally by 

establishing the pipeline is recommended. While running in the pipeline mode, one could 

provide the input and then specify different parameters at the command prompt.  
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Gene Prediction Using GenScan 

 

The GenScan gene prediction algorithm is based on probabilistic models for 

sequence composition and the basic structure of structural elements in genes. The 

algorithm computes a meaningful probability (for an event E, i.e., the probability that a 

particular exon is correct). This probability, P (E), is the sum of all of the probabilities in 

the model of all possible structural region of gene (termed as parses) that restrain the 

exon in the matching (accurate) reading frame. And the sum is computed in a reasonable 

amount of time by a “forward-backward” procedure (Rabiner et al. 1989). The 

aforementioned probability gives the quantitative estimate of the likelihood that an exon 

is true (Burset et al. 1996; Fernandez-Carvajal et al. 2006).  

During gene estimation using GenScan, the query file was provided in the 

webpage in a manner similar to that of Augustus. The web interface of GenScan is shown 

in Fig.5. Other parameters, including the model organism name, suboptimal cutoff score 

and the format of output, were chosen during gene prediction. However, it is worth 

mentioning that although the model organism options are limited and only distantly 

related organism information related to specific higher taxonomic groups (e.g., 

vertebrates, Arabidopsis, maize) are available, the algorithm still provides very 

reasonable output (Issac et al. 2002).  
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Fig. 5. Web interface of GenScan. The web interface of GenScan provides options of 

parameterizing the input. The organism option permits the selection of a specific group of 

organisms, the related parameters of which are considered for final evaluation of the 

sequences, with a cutoff value providing the relatedness cutoff of the query sequence to 

database sequences. The web interface also provides options for specific parameters for 

more precise output. The DNA sequence can either be uploaded as a file or pasted into 

the provided space.  

------------------------------------------------------------------------------------------------------------ 

            

            

   

The output of GenScan, similarly as Augustus, contains the following details,( a 

snapshot of the output obtain in web interface is provided in Fig.6).: the first column 

specifies the exon number, the second column specifies the exon type, the third column 

provides the strand information, the fourth and fifth columns specify the beginning and 

end positions of exonic sequences, respectively, the sixth column specifies the size of the 

exon, the seventh and eighth columns specify the reading frame and the remaining 

columns assign different probability scores to the sequence. After interpreting the 

estimate for all possible sequences, the amino acid regions are predicted for the optimal 

coding regions.  
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Fig. 6. Output format of GenScan. The output format for gene prediction by GenScan is 

slightly different from that of Augustus. In GenScan, the output amino acid sequences 

obtained from the entire batch of sequences are represented together rather than 

separately with specific ORF and contig annotation.                  

------------------------------------------------------------------------------------------------------------  
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Gene prediction using GeneMark is performed following the same protocol as 

Augustus and GenScan. The output page also displays the starting and ending positions 

of the coding sequence in a similar manner. In the process of gene prediction using 

Augustus, GenScan and GeneMark, an online web server is used; however, these 

pipelines could be installed on a local server. 

In the process of gene prediction by automated annotation, the query sequences 

are provided in a web server, and the exonic sequences of proteins are collected. Based 

on the number of true exons generated in contrast to the number of false positives, one 

can compute the sensitivity of the software. For gene prediction using Fgenesh, Fgenes 

and NetBLASTx, the pipelines were established using MolQuest. Fgenesh and Fgenes 

are available from Softberry Inc. (Mount Kisco, NY) and operate using different 

algorithms. NetBLASTx works on a simple BLAST algorithm (Altschul et al. 1990). 

 

Gene Prediction Using Fgenesh and Fgenes 

 

Fgenesh is the fastest (50–100-fold faster than GenScan) and most accurate gene 

finder available. Fgenesh was well established for gene annotation by its use in the rice 

and Drosophila genome projects, and it has been described as “the most successful (gene 

finding) program” (Yu et al. 2002). For example, it was used to detect 87% of all high-

evidence predicted genes in the genome of rice (Goff et al. 2002). 

Fgenesh is an HMM-based algorithm with the parameters trained on the set of 

organism-specific genes annotated in GenBank (Benson et al. 1999). For the accuracy of 
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gene prediction on different levels, several schemes are designed to predict an 

unambiguous set of genes; for example, in the Drosophila melanogaster genome, several 

gene sets are generated, such as annotation CGG1, again based on a set of reliable exons, 

annotation CGG2 and finally the most complete set of exons, annotation CGG3. 

Fgenesh+ is a variant of Fgenesh that considers some information about similar 

proteins. Fgenes is based on discriminate functions trained to predict human genes, but it 

also efficiently predicts other genes. It utilizes pattern recognition to detect different 

types of exons, promoters and polyA signals. The Fgenesh and Fgenes output structures 

are similar and have the following elements in the output. 

The output of these programs uses the following abbreviations: G, predicted gene 

number across the entire length of the gene; Str, DNA strand (+ or −); Feature, type of 

coding sequence; CDSf, first (start codon); CDSi, internal (internal coding region); CDSl, 

last coding segment; TSS: position of transcription start (TATA box); TSS, position of 

transcription start site; TATA, TATA box; wTATA – discriminate function score for the 

TATA box; and ORF, start/end positions of the ORF where the first complete codon 

starts and the last codon ends. The output consists of columns for gene number (G), 

stand, the feature of the structure, start and ending positions of a gene, weight score 

computed though specific algorithm and the ORF start and ending positions of the 

specific gene. Following the aforementioned columns, information about the predicted 

proteins is given. An example of Fgenesh output is given in Fig. 7. 
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Fig. 7. Output of Fgenesh gene prediction. The output, similar to Augustus and GenScan, 

represents different predicted structural regions of a specific gene from different chains of 

proteins followed by the complete predicted exonic protein sequence. 

------------------------------------------------------------------------------------------------------------ 

            

       

 

Gene Prediction Using NetBLAST through MolQuest 

 

NetBLASTx is an extension of the BLASTx program that helps in sequence 

search in different publicly available databases. It performs BLAST searches of the 

nucleotide query sequence against all possible matches in the online NCBI database. The 

NetBLASTx feature is provided in the Softberry MolQuest package (a snapshot of 

softberry interface is provided in Fig.8.) A nucleotide or protein sequence sent to the 

BLAST server is compared against databases at the NCBI, and a summary of matches is 

returned as output. The original web server for BLAST is available through the home 

page of NCBI (www.ncbi.nlm.nih.gov). 

http://www.ncbi.nlm.nih.gov/
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Fig. 8. Softberry interface. Softberry provides the MolQuest interface for eukaryotic gene prediction by generating a pipeline 

for different software (such as Fgenes, Fgenesh and Fgenesh+).  

--------------------------------------------------------------------------------------------------------------------------------------------------------- 
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In the earlier protocol for detecting the 5′-end region exonic sequences in the T. 

castaneum LGX chromosome, the major drawback was the large number of false-positive 

sequences. In contrast to the former study, the output obtained by CYP gene detection 

through BLASTp provided a very nice estimation to avoid false positives. The exonic 

sequences with high similarity and E-values less than 0.001 compared to manually 

annotated sequences are found to give a good estimate of exact exonic sequences, 

generally avoiding false positives. 

 

Visualization of the Predicted Genes 

 

Softberry provides a visualization package through MolQuest that has graphic 

features to adjust the scale and range for visualization (a snapshot of web interface is 

provided in Fig.9.) It also provides 2 petition displays in which the left side window 

provides the summary of the structural information and right side window provides the 

complete display of the exonic region of gene predicted in the specific range. The 

estimated output from each program is presented in the Appendix, and a summary of the 

output is provided in Table A.1.2. 
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Fig. 9. Visualization of different structural regions in specific predicted sequences. The 

left side partition window displays the name of the structural elements that is displayed in 

detail in the right side window. Both the right side partition window and left side partition 

window contain interactive objects that display the number of structural elements 

associated with each contig, helping one to interpret the protein structure in detail.  

------------------------------------------------------------------------------------------------------------ 

 

 

 

CYP Sequence Estimation Using the Aforementioned Software and Web Search 

 

Analysis of T. castaneum LGX gene prediction was performed using several gene 

prediction tools. These tools considered nucleotide sequences to predict the suitable 

coding region and exonic fragments. We selected tools with high sensitivity for further 

analysis in de novo studies. In our CYP gene annotation study using different highly 

efficient tools, we used the protein sequence as a reference instead of the nucleotide 

sequence. The manually annotated sequences are used as a reference to estimate the 

efficiency of the automated annotation tools. The sequence identity is compared at the 

level of proteins, opposed to genomic sequences, to make the process a bit more focused 

on comparative analysis for gene finding (in contrast to sequence identity and comparison 

of genomic sequence). In addition, many ambiguities (such as the wobble codon) could 

be avoided by using amino acid sequences. Hence, this is a widely used approach. Table 

4.3 shows the summary information for gene prediction using different software and web 

searches and the software vs. sensitivity plot presented in Fig.10, in detecting exonic 

regions and their fragments of CYP genes. 
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Table 4.3 Estimate of the total number of exonic regions from the 198 assembled potential CYP contig sequences from 

Harmonia axyridis predicted by each software and NCBI BLAST on different publicly available protein databases. The gene 

prediction software used included Augustus, Fgenesh (pipeline), Fgenes (pipeline), GeneMark, NCBI BLAST at Swiss-

Prot/TrEMBL, the combined output of sensitivity predicted by Fgenesh and Fgenes and the combined output of Fgenesh, 

Fgenes and BLAST search output from Swiss-Prot/TrEMBL [sensitivity = (number of true positive exons obtained/total 

number of exons)]. 

Swiss-Prot/TrEMBL 

output estimate 
Augustus Fgenes Fgenesh GenScan GeneMark 

NCBI BLAST at 

Swiss-

Prot/TrEMBL 

Fgenes 

+ 

Fgenesh 

Fgenes + Fgenesh 

+ Swiss-

Prot/TrEMBL 

Sum 60 123 135 60 30 75 160 172 

Sensitivity 0.337 0.691 0.758 0.337 0.169 0.421 0.899 0.966292 
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Fig. 10. Bar graph showing the summary of the software vs. sensitivity study for gene prediction. The gene prediction software 

included in this study were Augustus, Fgenesh (pipeline), Fgenes (pipeline), GeneMark, NCBI BLAST at Swiss-

Prot/TrEMBL, the combined output of sensitivity predicted by Fgenesh and Fgenes and the combined output of Fgenesh, 

Fgenes and the BLAST search output from Swiss-Prot/TrEMBL. The final combined output of Fgenesh, Fgenes and Swiss-

Prot/TrEMBL exhibited the highest sensitivity [sensitivity = (number of true positive exons obtained/total number of exons)]. 

----------------------------------------------------------------------------------------------------------------------------- ---------------------------- 
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Repeat Masking 

 

In genome annotation, some of the most pronounced ambiguities arise due to the 

presence of repeated regions such as Long Interspersed nuclear Elements (LINEs), and 

Short Interspersed nuclear Elements (SINEs) are often predicted as genes by different 

software tools. To avoid these problem of associated with repetitive elements, software 

such as RepeatMasker masks repeats by using specific symbols. Even BLAST programs 

and gene prediction algorithms accept sequences containing Ns or specific symbols. To 

analyze large amounts of data analysis in different metagenomic projects, screening 

repeats using BLASTn, tBLASTn or tBLASTx is also a good choice (Claverie et al. 

1994). Additionally, repeats can be screened after gene prediction by contrasting them 

against a database of repeat sequences (translated in all 6 frames for protein comparison). 

Programs such as RepeatMasker may also delete simple sequence repeats 

(microsatellites) such as AT repeats and CAG repeats, the latter of which codes for poly-

glutamine in certain triplet repeat disease genes. Hence, in some cases, repeat masking is 

avoided. 

While analyzing the data of 189 potential contigs from H. axyridis using 

RepeatMasker, we found that it masked contig ‘McKenna_9346.’ The contig is a 

fragment of a real gene found in the estimate of gene prediction by the traditional gene 

annotation process. Hence, we decided not to use gene masking before gene prediction. 

When we screened the entire genome using Fgenesh without repeat masking, we obtained 

97,704 gene fragments (until this point), which we are still studying to remove false 
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positives and to find the true exon fragments of genes and their exact number.  

  

Phylogenetic Analysis of CYP Sequences 

 

The assembled CYP genes with sequence lengths exceeding ~300–350 amino 

acids long were further considered for the comparative analysis study against all CYP 

sequences of T. castaneum. Pairwise comparisons of single-copy orthologs in insect 

genomes exhibited an average protein identity conservation of 45–95%. Although the 

most conserved regions of the CYP proteomes have been identified, the identity 

distributions in each pair or class of organisms are relatively different and vary between 

various functional gene classes. In this study, the CYP genes from both species were 

collected and aligned using MAFFT multiple sequence alignment software. The resulting 

alignments were then manually adjusted. 

 

Sequence Alignment and Molecular Phylogenetic Analyses 

 

The H. axyridis and T. castaneum CYP amino acid sequences were aligned using 

the E-INS-i algorithm in MAFFT version 6.8 (Katoh et al. 2008). The alignments were 

manually adjusted in Mesquite 2.75+ (Maddison et al. 2008). The aligned amino acid 

sequence matrix was analyzed under Bayesian inference using the fixed rate WAG 

substitution model (Wheland et al. 2001) in MrBayes version 3.1.2 (Huelsenbeck et al. 

2001; Ronquist et al. 2003). Two independent runs were executed in MrBayes, each with 

4 chains run for 3×10
6
 generations. Trees were sampled every 100 generations. The runs 
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converged (standard deviation of split frequencies below 0.05) by 2×10
6
 generations. All 

post-convergence trees (1000 trees from each of the 2 independent runs) were used to 

construct a 50% majority rule consensus tree in Mesquite showing Bayesian posterior 

probabilities for each node. This tree was exported from Mesquite as a circle tree and 

midpoint-rooted in Figtree version v1.3 (http://groups.google.com/group/figtree-

announce/browse_thread/thread/dea093d866dddbe8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://groups.google.com/group/figtree-announce/browse_thread/thread/dea093d866dddbe8
http://groups.google.com/group/figtree-announce/browse_thread/thread/dea093d866dddbe8
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Results and Discussion 

 

Traditional Gene Annotation 

 

Traditional gene annotation or gene discovery and the curation of the CYPs in the 

H. axyridis v1.1 draft genome sequence assembly (February 2012) produced 94 CYP 

genes and 3 apparent pseudogenes. T. castaneum has 137 CYP genes and 10 

pseudogenes. Other insect genomes have different number of CYPs, e.g., A. mellifera (46 

CYPs), D. melanogaster (86 CYPs), Anopheles gambiae (105 CYPs), Aides aegypti (158 

CYPs) and Acyrthosiphon pisum (67 CYPs).  

The H. axyridis CYPs can be divided into 4 distinct clans that are present in all 

other insects that have been studied: Mito, CYP2, CYP3 and CYP4 (Feyereisen et al. 

2006). The 4 clans can be further subdivided into 18 families, at least 43 subfamilies and 

3 possible pseudo-genes (CYP9BD1P, CYP9BE7P and CYP301A N-terminal fragment). 

The sequences are mostly in fragments, and some pseudogenes may not be accounted for 

among these fragments. The phylogenetic tree resulting from a Bayesian analysis of the 

H. axyridis and T. castaneum CYP genes (Fig. 11.1) was used in combination with the 

previously described rules for naming CYPs (40% identity for family, 55% identity for 

subfamily) to name the H. axyridis CYPs (Nelson et al. 2006).  
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Fig. 11.1 Fifty percent majority rule consensus tree with midpoint rooting resulting from 

the Bayesian analysis of complete or nearly complete CYP genes (amino acid sequences) 

from Harmonia axyridis and Tribolium castaneum. 

------------------------------------------------------------------------------------------------------------ 

  

  

   

Numbers adjacent to the nodes are posterior probabilities, and they indicate the 

proportion of trees sampled in the Bayesian analysis that included the node. Branch 

lengths are proportional to the number of substitutions per site, and colors indicate the 4 

CYP clans. H. axyridis sequences are indicated by red sequence names. Black sequence 

names indicate CYPs from T. castaneum. We reconstructed a phylogenetic tree for H. 

axyridis and T. castaneum that included all H. axyridis sequences that are at least 300–
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350 amino acids long (out of ~500 amino acids) together with all T. castaneum 

sequences. This tree included 42 (less than 50% of the 94 CYP sequences) CYP 

sequences (Fig. 11.2). This tree is also available as a PDF (Appendix), and it is divided 

into 3 parts, each of which has been individually enlarged (Figs. 11.2, 11.3 and 11.4). 

A summary of the annotation obtained by annotating CYP genes to different CYP 

families is presented in Fig. 12.  

           

            

   

 

Fig. 11.2. Enlarged region of the 50% majority consensus tree from the Bayesian analysis 

of complete and nearly complete Harmonia axyridis and Tribolium castaneum CYPs 

showing members of the Mito and CYP 2 clans as leaves of the tree, and the nodal 

support obtained from Bayesian posterior probability is represented in the CYP tree as 

numbers with H. axyridis CYP genes presented in red and T. castaneum CYP genes 

presented in black. 

------------------------------------------------------------------------------------------------------------ 
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Each of the 4 CYP clans is monophyletic in this tree (posterior probabilities of 1.0 

in Fig. 11.2.) excluding the Mito clan. The Mito clan is the sister clan of the CYP2 clan, 

and the CYP3 clan is the sister clan of the CYP4 clan, consistent with other studies 

(Baldwin et al. 2009). 

Typically, the Mito clan is monophyletic. In this tree, it is not, but that may be 

caused by the use of partial sequences from H. axyridis mixed with full-length sequences 

of T. castaneum. The tree did have some earlier versions showing the monophyletic to the 

Mito clan. Within each of the 4 clans, relationships are generally well resolved and 

consistent with accepted views on the inter-relationships between various CYP genes. It 

is apparent from this tree that several CYPs have undergone “blooms” in T. castaneum 

that are lacking in H. axyridis (that is specifically discussed in detail for each clan later in 

this section). However, because only complete or nearly complete H. axyridis sequences 

were included in this analysis, the absence of individual CYP genes from H. axyridis in 

the phylogeny does not necessarily mean that H. axyridis does not carry these genes. The 

major branches include the Mito, CYP2, CYP3 and CYP4 clans. These 4 clans include 18 

families and a minimum of 43 subfamilies (See Fig.12.)  In H. axyridis, most of the CYP 

genes recovered from the H. axyridis genome were incomplete and smaller than our 300-

amino acid cutoff (see above) for inclusion in these analyses.  
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Fig. 12. Summary of the output obtained by annotating different CYP genes. CYP clans 

are presented as linked parts of a quarter-circle, and the text adjacent to the central 

circular clan region indicates the number of family members in each clan followed by the 

name of individual family members and the number of genes and subfamilies predicted in 

a specific clan in the H. axyridis genome (a detailed table is provided in appendix Table 

A.1.3 with all of the predicted and assembled contigs). 

------------------------------------------------------------------------------------------------------------ 

            

            

  

The Mito clan of H. axyridis contains 6 members in 5 families and 6 (see Fig. 12.) 

subfamilies. Three are highly conserved Halloween genes involved in ecdysone synthesis 

(Rewitz et al. 2006, 2008). Genes such as Disembodied (CYP302A1, Dib; H. axyridis 

CYP302, not shown in the tree), shade (CYP314A1, Shd), and shadow (CYP315A1, Sad) 

are the Mito CYPs involved in the biosynthesis of 20-hydroxyecdysone (20-HE). 

CYP314A1 is the CYP that mediates the conversion of ecdysone to 20-HE (Rewitz et al. 

 

• 22 genes 

• 2 Families 

• CYP349 ,CYP4 

• 8 Sub families 

• 59 genes 

• 5 families 

• CYP6,CYP9, 
CYP345, CYP435, 
CYP436 

• 21 sub families 

• 7 genes 

• 6 Families 

• CYP15 , CYP18, 
CYP303, CYP305, 
CYP306, CYP307 

• 7 Sub families 

• 6 genes  

•   5 Families 

• CYP49, CYP301, 
CYP302, CYP314, 
CYP315 

• 6 Sub families 
Mito CYP2 

CYP4 CYP3 



 

84 
 

2006, 2008). The remaining 3 CYPs are divided into 2 new families CYP301 

(CYP301A1, CYP301B1) and CYP49A1 have specific pathway regulators and new 

functions. Most of the genes are in fragments, and thus, the number of pseudo genes in H. 

axyridis remains uncertain. CYP301A1 is involved in cuticle formation (Willingham et 

al. 2004). CYP49 has specific functions during the early larval stage (see 

http://flybase.org/reports/FBgn0033524.html). All Mito clan members have 1:1 orthologs 

in T. castaneum that are also members of the Mito clan. However, we recovered 

CYP302A1 in H. axyridis only when we rescanned the database for all possible CYP 

matches using a more relaxed E- value. 

The genes found in the CYP2 clan include 7 gene members, with some of the 

genes belonging to the Halloween family of genes. The members of the CYP2 clan are 

divided into 6 different families (CYP15, CYP18, CYP303, CYP305, CYP306 and 

CYP307). Three genes present in this clan such as CYP306 (Phantom) and CYP307 

(Spook), including both CYP307A1 and CYP307B1; (Rewitz et al. 2006, 2007) are 

Halloween genes. The functions of the CYP307 and CYP306 genes families are not 

exactly known, but these genes are known to participate in regulating the biosynthesis of 

ecdysone from cholesterol. They are also members of the Black Box regulating early 

oxidation reactions of 20E. CYP305 

(http://agris.fao.org/openagris/search.do?recordID=CN2010001174) members play a role 

in the detoxification of xenobiotics. CYP15A1 (Dwyer et al. 2011) has a specific role 

during embryogenesis, and CYP18A1 (Guittard et al. 2011) is a negative regulator of 

metamorphosis. The CYP304 gene (present in T. castaneum) is absent in H. axyridis. All 

http://flybase.org/reports/FBgn0033524.html
http://agris.fao.org/openagris/search.do?recordID=CN2010001174
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other members of the CYP2 clan in H. axyridis and T. castaneum exhibit 1:1 

correspondence with each other, even at the subfamily level.      

           

      

 

 
Fig. 11.3. Enlarged region of the 50% majority consensus tree from the Bayesian analysis 

of complete and nearly complete Harmonia axyridis and Tribolium castaneum CYPs 

showing members of the CYP4 clan as leaves of the tree, and the nodal support obtained 

from Bayesian posterior probabilities is represented in the CYP trees as numbers, with H. 

axyridis CYP genes presented in red and T. castaneum CYP genes presented in black.  

------------------------------------------------------------------------------------------------------------ 

            

            

             

The CYP4 and CYP3 clans members are monophyletic, and these clans are sister 

clans. The CYP4 clan in H. axyridis includes 2 distinct families (CYP349, CYP4) with 

22 genes and 8 subfamilies see Fig. 11.3 and Fig.12. (sequence fragments are not 

assigned to specific families; further information is needed to assemble them). Specific 

members of the CYP4AA1 subfamily have known functions in xenobiotic resistance, 



 

86 
 

chemosensory function, ecdysone biosynthesis and pheromone metabolism (Oakeshott et 

al. 2010). CYPAA1 was expanded in H. axyridis in comparison to T. castaneum, and it 

may have some expanded functions. CYP4Q is involved in xenobiotic detoxification 

(http://pubs.aic.ca/doi/pdfplus/10.4141/CJPS07001), and members of CYP4G have been 

associated with different allelochemical detoxification phenotypes (Pedro et al. 2012). 

However, no literature evidence is available to assign function to CYP349 members. 

The presence of CYP4G in H. axyridis indicates that it has a natural resistance to 

xenobiotics such as pyrethroids (Pridgeon et al. 2003; Yang et al. 2006; Guo et al. 2010; 

Karatolos et al. 2012; Martinez-Paz et al. 2012). When compared with T. castaneum, the 

CYP4 clan family CYP348A1 is absent in H. axyridis; there is no literature evidence of 

the function of these genes. Both H. axyridis and T. castaneum have CYP349A1 and 

CYP349A2 in common, but T. castaneum has an extra gene, CYP349A3 (in addition, H. 

axyridis has many small fragments of CYP349 that are not assigned to any family). 

Additionally, a few subfamily members of CYP350, CYP351, CYP352, CYP4BN and 

CYP4BR are present in T. castaneum and absent from the current H. axyridis assembly. 

However, H. axyridis carries the CYP4AW and CYP4DW subfamilies, which are absent 

in T. castaneum. Other than the aforementioned families, all other subfamilies have 1:1 

correspondence to the same genes in T. castaneum.  

http://pubs.aic.ca/doi/pdfplus/10.4141/CJPS07001
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Fig. 11.4 Enlarged region of 50% majority consensus tree from the Bayesian analysis of complete and nearly complete 

Harmonia axyridis and Tribolium castaneum CYPs showing members of the CYP3 clan as leaves of the tree, and the nodal 

support obtained from Bayesian posterior probabilities are represented in the CYP tree as numbers, with H. axyridis CYP 

genes presented in red and T. castaneum CYP genes presented in black.         

-------------------------------------------------------------------------------------------------------------------------------------------------------



 
 

88 
 

The monophyletic CYP3 clan has 5 major family members in H. axyridis: CYP345, 

CYP435, CYP436, CYP6 and CYP9 (see Fig. 11.4. and Fig.12.). The members of CYP3 consist 

mostly of genes responsible for the detoxification of xenobiotics and other endobiotics (Strode et 

al. 2008). Some CYP3 members are activated by hormones such as ecdysone (Le Goff et al. 

2006) and regulated by different detoxification pathways (Baldwin et al. 1994). The 4 major 

families in CYP3 are classified into approximately 59 genes. 

CYP345 is involved in insecticide resistance (Jiang et al. 2008). In H. axyridis, we found 

CYP345D4, CYP345D5, CYP345D6, CYP345D7, CYP345K1v1, CYP345K1v2, CYP 345K2, 

CYP 345K3v1, CYP 345K3v2, CYP 345K4v1, CYP 345K4v2, CYP 345 new, CYP345 

fragment 1, CYP435A1v1 and CYP435A1v2. To date there is no specific phenotype correlation 

assigned to CYP435 and CYP436 members. CYP9 members display xenobiotic tolerance 

proportional to the time and concentration of xenobiotics (Stevens et al. 2000). The members of 

CYP9 found in H. axyridis are CYP9Y2, CYP9Y3v1, CYP9Y3v2, CYP9Y4, CYP9BA1v1, 

CYP9BA2v1, CYP9BA2v2, CYP9BA1v2, CYP9BA3, CYP9BA4, CYP9BA5, CYP9BB1, 

CYP9BC1, CYP9BD1P, CYP9BE1, CYP9BE2, CYP9BE3, CYP9BE4v1, CYP9BE4v2, 

CYP9BE5v1, CYP9BE5v2, CYP9BE6v1, CYP9BE6v2, CYP9BE7P, CYP9BF1, CYP9BG1v1, 

CYP9BG1v2 and CYP9 fragment 1. Members of the CYP6 and CYP9 subfamilies, participate in 

tolerance to different xenobiotics. We found the following CYP genes (partially complete and in 

fragments up to this point): CYP6BS3av1, CYP6BS3av2, CYP6BS3bv1, CYP6BS3bv2, 

CYP6BS3c, CYP6CR fragment, CYP6FN1v1, CYP6FN1v2a, CYP6FN1v2b, CYP6FN2, 

CYP6FN fragment 1, CYP6FP1v1, CYP6FP1v2, CYP6FP2v1, CYP6FP2v2, CYP6FP3v1, 

CYP6FP3v2, CYP6FP4, CYP6FP5, CYP6FP6, CYP6FP fragment 1, CYP6FP fragment 4v1, 
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CYP6FP fragment 4v2, CYP6FP fragment 5v1, CYP6FP fragment 5v2, CYP6FP fragment 6, 

CYP6FQ1 CYP6 fragment 8v1 and CYP6 fragment 8v2. Specifically, CYP6BS metabolizes 

allelochemicals (Zhang et al. 2011a) and also helps to induce insecticide resistance. H. axyridis 

lacks CYP334, CYP346, CYP347, CYP348, CYP6BK1, CYP6BL1, CYP6BQ9, CYP6BR1, 

CYP9D1 and CYP9Y1, which are present in T. castaneum. In addition, many subfamilies that 

are expanded in H. axyridis are absent in T. castaneum, such as CYP435, CYP436, CYP6BQ1, 

CYP6BR2, CYP6BT1 and CYP9Z2. Other subfamilies have 1:1 orthologs in T. castaneum. 

Several of the aforementioned families are missing in the phylogeny (Figure 11.2) because they 

did not meet our criteria for inclusion. The missing subfamilies may be present as orthologs that 

have diverged too far to be included in the same subfamily.  

              

Comparison of Traditional Gene Annotation vs. Automated Gene Annotation 

 

After completing the traditional gene annotation, the sensitivity of different automated 

annotation software was tested. Specifically, we tested the sensitivity of software by taking the 

query as a large insert genomic DNA sequence and also as multiple queries of short amino acid 

sequences. One hundred eighty-eight sequences of amino acids were run individually or 

simultaneously in a batch to obtain their sensitivity (see “Materials and Methods” for more 

information).  
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Study Using Genomic Sequences for Gene Prediction 

 

In this process, the previously annotated T. castaneum LGX sequence (33,080–236,581 bp region) with 111 exons and 

24 genes (http://beetlebase.org/cgi-bin/gbrowse/BeetleBase3.gff3/#search) was analyzed using different gene prediction tools 

and other software. The obtained results were tested for their sensitivity to predict the 5′-end regions of specific exonic pieces 

on the chromosome within a specified window of cutoff (±20). This cutoff was adjusted to obtain the optimal output of 

sensitivity from most of the software. 

The output of the specific study (Table 4.2) indicates that Augustus, GenScan and Fgenesh provided the best output. 

These results imply that these tools are very sensitive regarding their site-specific accuracy for detecting specific exonic 

sequences. However, we obtained many false-positive sequences (Fig.2. provides sensitivity of each software for comparative 

study.) 

 

 

                 

 Table 4.2. Estimate of the total number of exonic regions in the LGX genomic region of T. castaneum predicted with each 

software. The gene prediction software included Augustus, Fgenesh, GeneID, GeneMark, NCBI ORF Finder, SNAP and 

GenScan [sensitivity = (number of true positive exons obtained/total number of exons)]. 

Estimate Augustus Fgenesh Gene ID GeneMark ORF Finder NCBI SNAP GenScan 

Sum 83 68 27 11 50 34 80 

Sensitivity 0.741 0.607 0.241 0.098 0.446 0.304 0.714 
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Fig.2. Plot of the sensitivity of the different software used in gene prediction [sensitivity = (number of true positive exons 

obtained/total number of exons)]. 

----------------------------------------------------------------------------------------------------------------------------- ----------------------------
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Studying Genes with the Amino Acid Fragments of CYP Sequences 

 

In this process, the results obtained from automated gene annotation were 

gathered for comparison with the high-quality results obtained by traditional annotation. 

The procedure followed is elaborated in the protocol. The sensitivity output obtained 

from searches through Swiss-Prot/TrEMBL databases and automated gene annotation 

were tested through querying in a web server and querying using pipelines. The output of 

sensitivity was then studied individually for each software, and BLAST searches of 

Swiss-Prot/TrEMBL were performed. The output obtained from this process is expanded 

in Table 4.3. (Fig.10. provides sensitivity of each software for comparative study.) 
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Table 4.3. Estimate of the total number of exonic regions from the 198 assembled potential contig sequences of H. axyridis 

predicted by each software and NCBI BLAST searches on different publicly available protein databases. The gene prediction 

software used included Augustus, Fgenesh (pipeline), Fgenes (pipeline), GeneMark, NCBI BLAST at Swiss-Prot/TrEMBL, 

the combined output of sensitivity predicted by Fgenesh and Fgenes and the combined output of Fgenesh, Fgenes and BLAST 

search output from Swiss-Prot/TrEMBL [sensitivity = (number of true positive exons obtained/total number of exons)]. 

Estimate Augustus Fgenes Fgenesh GenScan GeneMark 
NCBI BLAST at 

Swiss-Prot/ TrEMBL 

Fgenes + 

Fgenesh 

Fgenes + Fgenesh + Swiss-

Prot/TrEMBL 

Sum 60 123 135 60 30 75 160 172 

Sensitivity 0.337 0.691 0.758 0.337 0.169 0.421 0.899 0.966292 
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Fig. 10. Bar graph showing the summary of the software vs. sensitivity for gene prediction. The software studied included 

Augustus, Fgenesh (pipeline), Fgenes (pipeline), GeneMark, NCBI BLAST at Swiss-Prot/TrEMBL, the combined output of 

sensitivity predicted by Fgenesh and Fgenes and the combined output of Fgenesh, Fgenes and BLAST search output from 

Swiss-Prot/TrEMBL. The graph indicates that the final combined output of Fgenesh, Fgenes and Swiss-Prot/TrEMBL displays 

the highest sensitivity [sensitivity = (number of true positive exons obtained/total number of exons)]. 

--------------------------------------------------------------------------------------------------------------------------------------------------------- 
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The specific advantage of this approach was that we were able to avoid false-

positive output completely by considering the similarity and E-value scores obtained 

from the BLASTp output. The output summary table indicates that Fgenesh and Fgenes 

pipeline estimation of sensitivity outperformed Augustus and GenScan. However, the 

table of detailed results in Appendix A1.2 gives a clear overview that the regions detected 

by Fgenesh and Fgenes complement each other in many cases, and the other few regions 

remaining are complemented by BLAST searches of publicly available databases.  

In the aforementioned study, the output was obtained from the 188 contigs, but 

none of the software could detect 10 contigs that were detected by traditional gene 

annotation. These contigs are Mckenna_82098, Mckenna_79748, Mckenna_79212, 

Mckenna_77757, McKenna_59612, McKenna_59278, McKenna_54994, 

McKenna_35973, McKenna_29860 and McKenna_11720. When we reviewed the gene 

annotation and looked for these contigs, we found 2 of the novel contigs that were not 

detected by any of the aforementioned automated gene annotation method. These 

included McKenna_82098 (fragment of CYP4 and 42% similar to CYP4S4 of Mamestra 

brassicae, Lepidoptera) and McKenna_29860 (most similar to McKenna_32062), and 

they were assigned to the subfamily CYP6FP3v2. In the latter case, automated annotation 

missed one of these fragments but detected the other; this reveals that the automated 

annotation with less alternative splicing allowed some false-negative errors. We also 

found that 2 of the selected contigs had ambiguities at specific regions, suggesting that 

they are slight variants. McKenna_59612 and McKenna_43307 were slight variants, 

although both were revealed to belong to the same subfamily (CYP349A1). Similarly, 

McKenna_ 79748 and McKenna_81771 were slight variants assigned to subfamily 
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CYP6CR. In addition, the other 6 contigs not detected by automated gene annotation 

were redundant fragments. In both aforementioned cases, the automated annotation 

detected only one of them. Our final calculation obtained a maximum sensitivity 0.956 

(until this point) by considering the false-negative output. The maximum sensitivity that 

could be obtained through the entire process was computed to be 0.97 when the allowed 

alternative splicing was maximized to avoid all false positives. This automated gene 

annotation output displayed 90–100% identity when subjected to a BLASTp search 

against the output obtained through traditional gene annotation. 

The entire process was designed to optimize gene prediction using automated 

gene annotation. However, we achieved our result partially by obtaining a good 

sensitivity and avoiding false-positive results completely. The next challenge is to work 

with large-scale datasets, and we are looking forward to automating the entire process as 

much as possible. We performed gene prediction using Fgenesh, and we recovered 

97,704 gene pieces that are present in H. axyridis without using masking before 

interpretation. We are still working to obtain the sensitivity of the output by detecting the 

number of false positives. We have already identified the combination of 3 software tools 

(including 1 web search) for obtaining optimal output, and we are working on that output 

to annotate the entire genome. 

 

Application and Future Work 

 

The applications of this study include (i) a foundation for finding and establishing 

the roles of various CYPs in relation to specific phenotypes and (ii) the use of the 
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automated gene annotation protocols to annotate the entire H. axyridis genome (or other 

genomes) in a more time-efficient manner (for large-scale metagenomic studies). 

Potential future work includes (i) obtaining transcriptome information for the 

previously discussed fragments that will help in further joining fragments to obtain the 

best possible output, (ii) obtaining the mate-pair information to arrange the contigs in a 

large scaffold to obtain best possible output for specific genes and (iii) further studying 

the expression of the specific CYP genes obtained in the aforementioned process. For 

example, CYP4G could be studied for xenobiotic tolerance by clarifying its gene 

expression through quantitative PCR. Specific future objectives for automated gene 

annotation include using the information gathered in this small-scale project to 

implement large-scale annotation by automating many of the steps. 

 

Overall Summary 

 

Through traditional gene annotation procedures, we identified CYPs in H. 

axyridis (at least 94 genes) via comparison with CYPs in the T. castaneum genome (137 

genes plus 2 slight variants and 10 pseudogenes). The H. axyridis CYPs were divided 

into 4 distinct clans: Mito, CYP2, CYP3 and CYP4. The 4 clans include 17 families, 42 

subfamilies and most probably 3 pseudogene (thus far). The Mito clan of H. axyridis 

contains 6 genes in 5 families and 6 subfamilies. We found 7 genes in CYP2 clan with 6 

families (CYP 15, CYP18, CYP303, CYP305, CYP306 and CYP307) and 7 subfamilies. 

CYP4 clan has 2 distinct families (4 and 349), 8 subfamilies and a minimum of 22 genes 

in H. axyridis. The CYP3 clan has 59 genes in 5 major family members in H. axyridis: 
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CYP6, CYP9, CYP345, CYP435 and CYP436. These 5 major families in CYP3 are 

classified into at least 21 subfamilies. 

Through a comparative annotation study of the T. castaneum LGX chromosome, 

we determined that Fgenesh, Fgenes and Augustus provide the best estimates of 

sensitivity, with Augustus providing the best sensitivity (0.74). Through a comprehensive 

automated annotation study of CYP genes followed by comparisons of the estimate to the 

traditional gene annotation of H. axyridis, the best sensitivity estimate was obtained using 

Fgenesh (0.78). The combined output of sensitivity from multiple software and web 

searches was 0.96. The exons obtained are 90–100% similar to the exons obtained by 

traditional methods of gene annotation. The advantage of this approach of BLASTp over 

the detection of accuracy of specific regions is that we could optimize the output to avoid 

false positives. In addition, we could avoid false negatives by allowing more alternative 

splicing. The overall sensitivity we obtained without any false negatives was 0.97.  
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Appendix 

 

Table A.1.1. Tribolium castaneum genomic sequence annotation  

 

This table provides an estimate of the total number of exonic regions on the LGX genomic region of T. castaneum 

predicted by each software. The utilized gene prediction software included Augustus (Aug), Fgenesh, GeneID, GeneMark, 

NCBI ORF Finder, SNAP and GenScan. In this table, “Exon” represents the number of exonic sequences, and the subsequent 

columns present the estimates from all of the software tools with their different exonic estimates. The “Freq” column provides 

the number of software tools that could detect the exon positively. The “Putative exons” column shows the starting and ending 

codons and their respective bp positions. The estimates of the total number of true exons and sensitivity of each software tool 

are summarized at the bottom of table. 

Exon Aug Fgenesh Gene ID GeneMark NCBI ORF Finder SNAP GenScan Freq Putative exons 

1 1 1   1  1 3 CAA 33,080–33,186 TTT 

2 1 1   1  1 4 GCG 34,038–34,099 GCG 

3 1 1  1   1 3 AGA 34,174–34,370 AAT 

4 1 1  1 1  1 5 GTT 34,422–35,313 CTT 

5 1 1   1  1 4 ATG 49,582–49,965 TAA 

6     1   1 TTT 67,681–67,954 CAG 

7 1 1  1    3 GAT 67,999–68,232 TTA 

8 1 1   1 1 1 5 ATG 68,673–68,916 GAG 
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Exon Aug Fgenesh Gene ID GeneMark NCBI ORF Finder SNAP GenScan Freq Putative exons 

9 1     1 1 3 ATT 68,964–69,151 CGA 

10     1   1 GTG 69,691–69,870 GAG 

11  1      1 ATG 69,913–70,173 TAA 

12       1 1 ATT 85,003–85,355 AAG 

13 1  1   1 1 4 GTG 85,399–85,831 GAG 

14  1 1   1  3 ACA 88,087–88,263 CCG 

15 1 1 1   1  4 CGC 88,314–88,679 TAA 

16 1 1   1 1 1 5 ATG 106,518–106,661 AAG 

17 1 1  1 1 1 1 6 ATG 106,706–107,012 ATG 

18  1   1 1 1 4 CTG 107,066–107,289 ATG 

19 1 1 1  1 1 1 6 CCT 108,018–108,238 ATC 

20 1    1  1 3 ATT 108,285–108,524 CAA 

21 1 1   1  1 4 GTT 108,574–108,760 GCG 

22 1 1   1   3 GCC 108,811–108,903 AAA 

23 1 1    1 1 4 ACT 108,955–109,017 TAA 

24   1     1 ATG 127,429–127,591 ATG 

25       1 1 CAT 132,124–132,209 TGA 

26 1 1     1 3 ATG 139,056–139,073 AAG 

27 1 1     1 3 AAC 139,124–139,240 CAT 

28 1       2 GTT 139,291–139,387 GAA 

29  1     1 2 AGG 139,437–139,626 ACA 

30     1   1 GAT 140,239–140,298 GGA 

31        1 NAA 140,556–141,196 AAA 
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Exon Aug Fgenesh Gene ID GeneMark NCBI ORF Finder SNAP GenScan Freq Putative exons 

32   1  1 1 1 4 ACG 141,813–141,924 CAC 

33 1  1  1 1 1 5 GCA 141,971–142,849 GAG 

34  1  1 1  1 4 AAG 143,149–143,385 GCT 

35 1 1     1 3 GTC 143,556–143,721 CGT 

36 1       1 ATC 143,775–143,849 CAG 

37   1  1 1  2 GTT 144,402–144,839 CTT 

38 1       1 GAG 144,900–144,989 GAG 

39 1       1 GTG 145,023–145,121 GAG 

40 1    1   2 GGG 145,215–145,376 TAA 

41  1   1  1 3 ATG 150,523–150,687 CGT 

42 1 1   1   3 ATG 156,442–156,720 CAG 

43 1 1 1 1   1 5 GTG 156,795–158,059 GAT 

44  1      1 ATC 158,841–158,872 TAT 

45       1 1 ATG 159,489–159,717 CTC 

46 1       1 ACT 159,766–159,856 TCA 

47   1     1 GTG 159,902–161,017 CAG 

48 1 1   1  1 4 GTT 162,003–162,155 AAG 

49 1 1     1 3 AGT 162,200–162,346 ACC 

50 1    1  1 2 GGC 162,395–162,580 CGC 

51 1    1  1 2 AGG 162,630–163,354 CAA 

52 1 1   1   4 GCC 163,409–163,601 CCT 

53 1       1 AGT 164,357–164,483 TAG 

54 1   1  1 1 4 GTA 164,535–164,638 TGA 
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Exon Aug Fgenesh Gene ID GeneMark NCBI ORF Finder SNAP GenScan Freq Putative exons 

55 1 1 1  1 1 1 6 ATG 171,858–172,109 AAT 

56 1 1 1   1 1 5 ATA 172,638–173,544 TAG 

57 1 1     1 3 TTT 173,595–173,796 AAG 

58 1     1 1 3 ACC 175,601–175,767 CAG 

59 1 1   1  1 4 GAA 175,823–175,990 AAG 

60 1 1 1  1 1 1 6 TTG 176,127–176,587 AAG 

61 1    1  1 3 AAT 176,635–176,855 ATG 

62 1 1 1   1 1 5 GTG 177,462–178,324 TGG 

63 1 1   1 1 1 5 CTC 178,742–178,898 TAA 

64  1     1 2 GGT 178,949–179,208 GAG 

65  1 1  1 1 1 5 AGA 179,497–179,834 TAG 

66 1 1     1 3 ATG 186,166–186,251 TAG 

67 1 1     1 3 CCG 186,311–186,377 AAG 

68 1 1  1 1  1 5 GCC 186,429–186,597 AGG 

69       1 2 CCC 186,650–186,761 GTG 

70  1   1  1 3 GGC 195,906–196,081 TCA 

71 1      1 2 TCA 199,928–200,056 TAG 

72 1 1      2 GTT 200,103–200,328 AGG 

73 1 1   1  1 4 AGT 200,380–200,697 CCA 

74 1 1  1   1 4 GCG 202,518–203,302 GTG 

75  1      1 AAA 204,579–204,798 CAA 

76 1 1   1  1 4 AGG 204,852–205,293 CGG 

77 1  1   1 1 4 GAA 205,334–205,470 AAA 



 

118 
 

Exon Aug Fgenesh Gene ID GeneMark NCBI ORF Finder SNAP GenScan Freq Putative exons 

78 1  1   1 1 4 GTT 205,890–206,052 AAG 

79  1 1  1 1 1 5 GTA 206,752–207,218 TAA 

80 1 1    1 1 4 GAA 207,270–207,396 GAG 

81 1 1    1 1 4 ATC 207,443–207,649 TAG 

82 1 1     1 3 ATG 216,340–216,420 GAG 

83 1       1 CAC 216,468–216,641 TAA 

84  1     1 2 ATG 216,785–217,216 CAG 

85  1     1 2 AAT 219,157–219,300 AAA 

86   1    1 2 GAT 219,346–219,526 CCA 

87       1 1 ACC 219,571–219,696 AAA 

88 1 1     1 2 AGG 220,229–220,365 GCC 

89 1    1  1 1 GAA 220,411–220,512 GAG 

90 1 1     1 3 GCG 220,987–221,347 AAC 

91 1 1   1  1 2 ACG 221,401–221,594 CAG 

92 1       2 AGT 221,640–221,801 GAG 

93 1 1   1   1 ATT 222,839–223,066 GGG 

94 1 1   1   2 TGC 223,127–223,144 TGA 

95 1 1      2 GGG 223,146–223,238 AGG 

96 1 1 1 1 1 1 1 4 GTG 224,097–224,359 GAG 

97 1  1    1 3 GAC 224,406–224,441 GAG 

98 1 1 1   1 1 4 GAG 224,489–225,799 AAA 

99 1     1 1 2 GTC 225,846–226,037 CAG 
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Exon Aug Fgenesh Gene ID GeneMark NCBI ORF Finder SNAP GenScan Freq Putative exons 

100 1 1   1 1 1 3 ACA 226,082–226,345 GCG 

101 1  1  1 1 1 4 GTT 226,392–227,239 TTC 

102 1 1  1 1  1 5 ATG 230,664–230,828 CAG 

103 1      1 3 ACC 230,874–231,019 TGC 

104 1 1   1   2 TAC 231,057–231,238 CAA 

105 1 1 1  1  1 4 GTC 231,294–231,596 GTT 

106 1 1 1  1  1 5 CGA 231,643–231,886 CGG 

107 1  1  1 1 1 5 GCG 233,510–233,706 CAG 

108 1  1   1 1 5 GCA 233,751–234,939 GAA 

109 1     1 1 4 GCC 234,984–235,218 AAG 

110 1 1      3 TAT 235,960–236,204 TAA 

111 1 1   1  1 2 GTT 236,251–236,581 TGA 

Sum 83 68 27 11 50 34 80   

Sensi

tivity 

0.741

071 

0.60714

3 

0.24107

1 
0.098214 0.446429 

0.30357

1 
0.714286   
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Table A.1.2. Harmonia axyridis gene annotation using automated gene prediction software  

 

The table provides the estimates of total number of exonic regions from the 198 assembled potential contig sequences 

of H. axyridis predicted by different software and an NCBI BLAST on different publicly available protein databases. The 

utilized gene prediction software included Augustus, Fgenesh (pipeline), Fgenes (pipeline), GeneMark, NCBI BLAST at 

Swiss-Prot/TrEMBL, the combined output of sensitivity predicted by Fgenesh and Fgenes and the combined output of 

Fgenesh, Fgenes and BLAST search output from Swiss-Prot/TrEMBL. The contig name provides the abbreviated name of the 

contigs, e.g., ‘McKenna_945’ represents ‘McKenna_1kb_R1PF_paired_contig_945,’ followed by the software that positively 

detected the exonic region. The estimates of the total number of true exons and the sensitivity of each software tool are given 

at the bottom of table. 

 

Contig name Augustus Fgenes Fgenesh GenScan GeneMark 

BLAST Swiss-

Prot/ 

TrEMBL 

Fgenes + 

Fgenesh 

Fgenes + Fgenesh + 

Swiss-Prot/TrEMBL 

McKenna_945 1 1 1 1 1 1 1 1 

McKenna_2304    1 1 1  1 

McKenna_5400   1 1  1 1 1 

McKenna_6103  1 1 1  1 1 1 

McKenna_9307   1 1  1 1 1 

McKenna_10941    1 1 1  1 

McKenna_11720      1  1 

McKenna_11981 1 1  1  1 1 1 

McKenna_12024 1 1 1   1 1 1 
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Contig name Augustus Fgenes Fgenesh GenScan GeneMark 

BLAST Swiss-

Prot/ 

TrEMBL 

Fgenes + 

Fgenesh 

Fgenes + Fgenesh + 

Swiss-Prot/TrEMBL 

McKenna_12807 1 1 1 1  1 1 1 

McKenna_15733   1  1 1 1 1 

McKenna_17948 1  1 1  1 1 1 

McKenna_18780 1 1 1 1  1 1 1 

McKenna_18893  1 1 1  1 1 1 

McKenna_19826 1 1 1  1  1 1 

McKenna_20011 1 1 1 1  1 1 1 

McKenna_20430         

McKenna_20898 1 1 1    1 1 

McKenna_21703 1 1 1 1  1 1 1 

McKenna_22059   1   1 1 1 

McKenna_22233      1  1 

McKenna_22342 1 1 1  1  1 1 

McKenna_22609   1    1 1 

McKenna_23880  1 1    1 1 

McKenna_24087   1    1 1 

McKenna_24576 1 1 1 1   1 1 

McKenna_24719  1 1    1 1 

McKenna_25162  1 1    1 1 

McKenna_25931  1 1 1   1 1 

McKenna_26312  1 1 1   1 1 

McKenna_27165 1  1 1 1  1 1 

McKenna_27215  1  1 1  1 1 

McKenna_27981 1 1 1    1 1 

McKenna_28250  1 1    1 1 

McKenna_29860         

McKenna_30031  1 1 1   1 1 
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Contig name Augustus Fgenes Fgenesh GenScan GeneMark 

BLAST Swiss-

Prot/ 

TrEMBL 

Fgenes + 

Fgenesh 

Fgenes + Fgenesh + 

Swiss-Prot/TrEMBL 

McKenna_30862  1 1 1   1 1 

McKenna_32062  1 1    1 1 

McKenna_32234   1    1 1 

McKenna_32781 1 1 1 1   1 1 

McKenna_33418   1    1 1 

McKenna_34157 1  1 1 1  1 1 

McKenna_35031  1     1 1 

McKenna_35973         

McKenna_36044   1    1 1 

McKenna_37958   1    1 1 

McKenna_38109 1 1 1 1   1 1 

McKenna_38292  1 1 1   1 1 

McKenna_39779  1  1   1 1 

McKenna_40698 1 1 1 1 1  1 1 

McKenna_41406  1 1    1 1 

McKenna_43307  1  1   1 1 

McKenna_43434 1 1 1    1 1 

McKenna_44095   1    1 1 

McKenna_44239  1     1 1 

McKenna_44351 1 1 1 1   1 1 

McKenna_44663 1  1 1 1  1 1 

McKenna_44691   1    1 1 

McKenna_44706  1 1    1 1 

McKenna_44905 1 1 1 1   1 1 

McKenna_45495 1 1 1 1 1  1 1 

McKenna_45581    1     

McKenna_46662         
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Contig name Augustus Fgenes Fgenesh GenScan GeneMark 

BLAST Swiss-

Prot/ 

TrEMBL 

Fgenes + 

Fgenesh 

Fgenes + Fgenesh + 

Swiss-Prot/TrEMBL 

McKenna_46973  1  1   1 1 

McKenna_47539 1 1 1 1   1 1 

McKenna_48071  1 1    1 1 

McKenna_48771  1     1 1 

McKenna_49810 1 1 1 1 1  1 1 

McKenna_50287 1 1 1    1 1 

McKenna_51177 1 1 1  1  1 1 

McKenna_51726 1 1 1 1 1  1 1 

McKenna_52730 1  1    1 1 

McKenna_53591  1 1 1   1 1 

McKenna_53778    1   1 1 

McKenna_53784 1 1 1  1  1 1 

McKenna_54774    1     

McKenna_54994         

McKenna_55760 1 1 1 1 1  1 1 

McKenna_56446 1 1 1    1 1 

McKenna_56469  1 1    1 1 

McKenna_57285  1 1 1   1 1 

McKenna_58185  1 1    1 1 

McKenna_59278         

McKenna_59440 1 1 1 1   1 1 

McKenna_59612         

McKenna_59660   1    1 1 

McKenna_59965 1 1 1    1 1 

McKenna_59987  1     1 1 

McKenna_61856 1 1 1    1 1 

McKenna_62152 1 1 1    1 1 
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Contig name Augustus Fgenes Fgenesh GenScan GeneMark 

BLAST Swiss-

Prot/ 

TrEMBL 

Fgenes + 

Fgenesh 

Fgenes + Fgenesh + 

Swiss-Prot/TrEMBL 

McKenna_64461  1     1 1 

McKenna_64985 1 1 1    1 1 

McKenna_65594  1     1 1 

McKenna_65850  1 1    1 1 

McKenna_67139 1  1    1 1 

McKenna_67576  1     1 1 

McKenna_67641  1 1    1 1 

McKenna_68213 1 1 1 1 1  1 1 

McKenna_69083  1 1 1   1 1 

McKenna_69116  1 1    1 1 

McKenna_70825   1 1   1 1 

McKenna_70895  1 1    1 1 

McKenna_70904 1 1 1    1 1 

McKenna_71125  1     1 1 

McKenna_71298  1 1    1 1 

McKenna_71905  1 1 1   1 1 

McKenna_72064  1 1    1 1 

McKenna_72206   1    1 1 

McKenna_72384   1  1  1 1 

McKenna_72692    1     

McKenna_73025  1 1    1 1 

McKenna_73302  1 1    1 1 

McKenna_73464  1     1 1 

McKenna_73770   1    1 1 

McKenna_77757         

McKenna_79212         

McKenna_79748         
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Contig name Augustus Fgenes Fgenesh GenScan GeneMark 

BLAST Swiss-

Prot/ 

TrEMBL 

Fgenes + 

Fgenesh 

Fgenes + Fgenesh + 

Swiss-Prot/TrEMBL 

McKenna_79978    1     

McKenna_80432 1   1     

McKenna_81616  1     1 1 

McKenna_81771   1    1 1 

McKenna_82098         

McKenna_82275 1 1 1 1 1  1 1 

McKenna_83602  1 1    1 1 

McKenna_83750  1 1   1 1 1 

McKenna_84359      1  1 

McKenna_84618      1  1 

McKenna_87030   1   1 1 1 

McKenna_87274  1 1   1 1 1 

McKenna_89270  1 1   1 1 1 

McKenna_89867      1  1 

McKenna_90090  1 1   1 1 1 

McKenna_90133  1    1 1 1 

McKenna_91842  1 1   1 1 1 

McKenna_92383   1   1 1 1 

McKenna_92563  1    1 1 1 

McKenna_93461  1 1   1 1 1 

McKenna_93511 1 1 1   1 1 1 

McKenna_93915  1 1   1 1 1 

McKenna_94145 1  1 1 1 1 1 1 

McKenna_97505  1    1 1 1 

McKenna_97615 1 1 1 1 1 1 1 1 

McKenna_97724      1  1 

McKenna_100427  1 1    1 1 
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Contig name Augustus Fgenes Fgenesh GenScan GeneMark 

BLAST Swiss-

Prot/ 

TrEMBL 

Fgenes + 

Fgenesh 

Fgenes + Fgenesh + 

Swiss-Prot/TrEMBL 

McKenna_100712  1 1   1 1 1 

McKenna_101287 1 1 1   1 1 1 

McKenna_101506 1 1 1  1  1 1 

McKenna_101568 1 1 1 1 1 1 1 1 

McKenna_101612  1 1   1 1 1 

McKenna_104261  1 1   1 1 1 

McKenna_104318      1  1 

McKenna_104580 1 1 1 1  1 1 1 

McKenna_104719   1   1 1 1 

McKenna_107371   1   1 1 1 

McKenna_108449 1 1 1   1 1 1 

McKenna_109359  1 1 1 1 1 1 1 

McKenna_109885 1 1 1   1 1 1 

McKenna_109920 1 1 1 1 1 1 1 1 

McKenna_110020 1  1  1  1 1 

McKenna_110460  1  1   1 1 

McKenna_113570  1 1   1 1 1 

McKenna_114066   1 1  1 1 1 

McKenna_114665   1   1 1 1 

McKenna_116773      1  1 

McKenna_117319  1 1   1 1 1 

McKenna_118324  1 1   1 1 1 

McKenna_118374  1 1   1 1 1 

McKenna_118825 1 1 1   1 1 1 

McKenna_120940  1 1   1 1 1 

McKenna_121348      1  1 

McKenna_121359  1    1 1 1 



 

127 
 

Contig name Augustus Fgenes Fgenesh GenScan GeneMark 

BLAST Swiss-

Prot/ 

TrEMBL 

Fgenes + 

Fgenesh 

Fgenes + Fgenesh + 

Swiss-Prot/TrEMBL 

McKenna_121511      1  1 

McKenna_123923   1 1  1 1 1 

McKenna_124192 1  1  1 1 1 1 

McKenna_125545  1 1   1 1 1 

McKenna_125712 1 1 1   1 1 1 

McKenna_125815 1    1 1 1 1 

McKenna_126849 1 1 1   1 1 1 

McKenna_127722  1  1   1 1 

McKenna_128699  1 1   1 1 1 

McKenna_129906  1 1  1 1 1 1 

McKenna_130670 1 1 1   1 1 1 

McKenna_131727  1 1   1 1 1 

McKenna_132274   1   1 1 1 

McKenna_134640  1 1   1 1 1 

McKenna_71811 1 1 1    1 1 

McKenna_128566  1    1 1 1 

Sum 60 123 135 60 30 75 160 172 

Sensitivity 0.337079 0.691011 0.758427 0.337079 0.168539 0.421348 0.898876 0.966292 
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Table A.1.3. Traditional gene annotation in the estimation of different genes from Harmonia axyridis  

  

The “Clan” column indicates the clan to which the new CYP genes detected in H. axyridis are assigned. The “Family” 

column indicates the family to which the specific sequence was assigned. “CYP name” indicates the nomenclature assigned to 

specific sequences. “Remarks” shows the exon fragment or the specific region recovered from the entire contig. “Best insect 

hit” shows the specific CYP gene from the best insect match that best matches our query sequence. “Percent ID” gives the 

percentage identity of the previously described genes with H. axyridis genes. “Region” shows the amino acid regions of CYP 

genes detected in H. axyridis genes. “Contig_name” indicates the name of the contig in which the specific fragment was found. 

In the table, “aa” abbreviates amino acids. 

 

Clan Family  CYP name Remarks Best insect hit Percent ID Region Contig name 

2 15 CYP15A1 exon 2 CYP15A1 60% 30:115 McKenna_83750 

2 15 CYP15A1 exons 3–4 CYP15A1 53% 3:138 McKenna_118825 

2 15 CYP15A1 exon 5 CYP15A1 67% 4:64 McKenna_67576 

2 15 CYP15A1 exons 5–6 CYP15A1 68% 284–433 McKenna_100712 

2 15 CYP15A1 exon 7 CYP15A1 67% 2:64 McKenna_64461 

2 15 CYP15A1 exon 7, partial CYP15A1 83% 1:26 McKenna_10941 

2 18 CYP18A1 last exon CYP18A1 68% 5:163 McKenna_101568 

2 18 CYP18A1 exons 1–3 CYP18A1 64% 2–270 McKenna_945 

2 303 CYP303A1  CYP303A1 63% 1:55 McKenna_27165 

2 303 CYP303A1  CYP303A1 68% 1:306 McKenna_64985 

2 305 CYP305G1 aa 127–346 CYP305A1 40% 1:221 McKenna_101287 

2 306 CYP306A1  CYP306A1 53% 1–352 McKenna_12807 

2 306 CYP306A1 
adjacent to 

CYP18A1 
CYP306A1 53% 5:163 McKenna_101568 

2 306 CYP306A1  CYP306A1 59% 1–110 McKenna_97505 

2 307 CYP307A1  CYP307A1 71% 1:367 McKenna_44905 

2 307 CYP307B1 exon 1 CYP307B1 51% 1:75 McKenna_44706 
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Clan Family  CYP name Remarks Best insect hit Percent ID Region Contig name 

2 15 CYP15A1 exon 2 CYP15A1 60% 30:115 McKenna_83750 

2 15 CYP15A1 exons 3–4 CYP15A1 53% 3:138 McKenna_118825 

2 15 CYP15A1 exon 5 CYP15A1 67% 4:64 McKenna_67576 

2 15 CYP15A1 exons 5–6 CYP15A1 68% 284–433 McKenna_100712 

2 15 CYP15A1 exon 7 CYP15A1 67% 2:64 McKenna_64461 

2 15 CYP15A1 exon 7, partial CYP15A1 83% 1:26 McKenna_10941 

2 18 CYP18A1 last exon CYP18A1 68% 5:163 McKenna_101568 

2 18 CYP18A1 exons 1–3 CYP18A1 64% 2–270 McKenna_945 

2 303 CYP303A1  CYP303A1 63% 1:55 McKenna_27165 

2 303 CYP303A1  CYP303A1 68% 1:306 McKenna_64985 

2 305 CYP305G1 aa 127–346 CYP305A1 40% 1:221 McKenna_101287 

2 307 CYP307B1 exons 2–3 CYP307B1 60% 270–641 McKenna_18893 

Mito 49 CYP49A1 exon 1 CYP49A1 47% 1:65 McKenna_33418 

Mito 49 CYP49A1 exon 1 CYP49A1 36% 7:54 McKenna_15733 

Mito 49 CYP49A1 aa 196–291 CYP49A1 83% 4:75 McKenna_53778 

Mito 49 CYP49A1 I-helix CYP49A1 65% 1:30 McKenna_118324 

Mito 49 CYP49A1 I-helix CYP49A1 65% 1:57 McKenna_35973 

Mito 49 CYP49A1 HEME CYP49A1D 76% 1:99 McKenna_70895 

Mito 49 CYP49A1 last exon CYP49A1 81% 6–40 McKenna_121511 

Mito 49 CYP49A1     McKenna_54335  

Mito 301 CYP301A1 exon 1 CYP301A1 52% 5:57 McKenna_84359 

Mito 301 CYP301A1 exons 2–3 CYP301A1 60% 7:161 McKenna_104580 

Mito 301 CYP301A1 exons 3–4 CYP301A1 78% 213–347 McKenna_59440 

Mito 301 CYP301A1 last exon CYP301A1 76% 1:102 McKenna_37958 

Mito 301 CYP301A1 last exon CYP301A1 79% 1:102 McKenna_59965 

Mito 301 CYP301A1     McKenna_32237 

Mito 301      McKenna_80357  

Mito 301 CYP301B1 exon 1 CYP301B1 45% 1:80 McKenna_28250 

Mito 301 CYP301B1 exon 1 CYP301B1 44% 18:78 McKenna_38292 

Mito 301 CYP301B1 exons 2–3 CYP301B1 50% 1:123 McKenna_117319 

Mito 301 CYP301B1 exons 2–3 CYP301B1 48% 1:116 McKenna_25931 
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Clan Family  CYP name Remarks Best insect hit Percent ID Region Contig name 

2 15 CYP15A1 exon 2 CYP15A1 60% 30:115 McKenna_83750 

2 15 CYP15A1 exons 3–4 CYP15A1 53% 3:138 McKenna_118825 

2 15 CYP15A1 exon 5 CYP15A1 67% 4:64 McKenna_67576 

2 15 CYP15A1 exons 5–6 CYP15A1 68% 284–433 McKenna_100712 

2 15 CYP15A1 exon 7 CYP15A1 67% 2:64 McKenna_64461 

2 15 CYP15A1 exon 7, partial CYP15A1 83% 1:26 McKenna_10941 

2 18 CYP18A1 last exon CYP18A1 68% 5:163 McKenna_101568 

2 18 CYP18A1 exons 1–3 CYP18A1 64% 2–270 McKenna_945 

2 303 CYP303A1  CYP303A1 63% 1:55 McKenna_27165 

2 303 CYP303A1  CYP303A1 68% 1:306 McKenna_64985 

2 305 CYP305G1 aa 127–346 CYP305A1 40% 1:221 McKenna_101287 

Mito 301 CYP301B1 exons 4–9 CYP301B1 62% 1:325 McKenna_30862 

Mito 302 CYP302A1  CYP302A1   McKenna_59802  

Mito 314 CYP314A1 complete CYP314A1v1 48% 31–515 McKenna_124192 

Mito 314 CYP314A1 complete CYP314A1v2 46% 2:459 McKenna_45495 

Mito 315 CYP315A1  CYP315A1 45% 27–315 McKenna_71811 

Mito 315 CYP315A1  CYP315A1 45% 7:300 McKenna_40698 

Mito 315 CYP315A1  CYP315A1 40% 14:160 McKenna_55760 

 

Mito 
315 CYP315A1  CYP315A1 52% 1:59 McKenna_2304 

 

Mito 
315 CYP315A1  CYP315A1 50% 1:65 McKenna_80432 

4 4 CYP4G79  CYP4G14 78% 31–509 McKenna_97615 

4 4 CYP4Q14  CYP4Q6 53% 20–413 McKenna_93511 

4 4 CYP4Q15  CYP4Q6 65% 335–453 McKenna_110020 

4 4 CYP4Q16  CYP4Q7v1 67% 22–150 McKenna_93461 

4 4 CYP4Q17  CYP4Q7v1 65% 1:120 McKenna_73025 

4 4 CYP4Q18  CYP4Q7v1 65% 11:135 McKenna_69083 

4 4 CYP4Q19  CYP4Q7v1 63% 10:137 McKenna_65850 

4 4 CYP4Q fragment 1  CYP4Q5 59% 1:55 McKenna_72206 

4 4 CYP4Q fragment 2  CYP4Q9P 50% 4:58 McKenna_77757 
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Clan Family  CYP name Remarks Best insect hit Percent ID Region Contig name 

2 15 CYP15A1 exon 2 CYP15A1 60% 30:115 McKenna_83750 

2 15 CYP15A1 exons 3–4 CYP15A1 53% 3:138 McKenna_118825 

2 15 CYP15A1 exon 5 CYP15A1 67% 4:64 McKenna_67576 

2 15 CYP15A1 exons 5–6 CYP15A1 68% 284–433 McKenna_100712 

2 15 CYP15A1 exon 7 CYP15A1 67% 2:64 McKenna_64461 

2 15 CYP15A1 exon 7, partial CYP15A1 83% 1:26 McKenna_10941 

2 18 CYP18A1 last exon CYP18A1 68% 5:163 McKenna_101568 

2 18 CYP18A1 exons 1–3 CYP18A1 64% 2–270 McKenna_945 

2 303 CYP303A1  CYP303A1 63% 1:55 McKenna_27165 

2 303 CYP303A1  CYP303A1 68% 1:306 McKenna_64985 

2 305 CYP305G1 aa 127–346 CYP305A1 40% 1:221 McKenna_101287 

4 4 CYP4Q fragment 3  CYP4Q3 52% 1:56 McKenna_11720 

4 4 CYP4Q fragment 4  CYP4M7 52% 3:96 McKenna_54774 

4 4 CYP4Q fragment 5  CYP4Q2 60% 4:63 McKenna_72692 

4 4      McKenna_60607  

4 4      McKenna_15994  

4 4      McKenna_88883  

4 4      McKenna_93842  

4 4      McKenna_61221 

4 4 CYP4AA1v1  CYP4AA1 48% 8–461 McKenna_18780 

4 4 CYP4AA1v2a  CYP4AA1 38% 1:126 McKenna_22609 

4 4 CYP4AA1v2b  CYP4AA1 54% 205–482 McKenna_56446 

4 4 CYP4AW fragment 1  CYP4AW1 57% 5:72 McKenna_58185 

4 4 CYP4BM fragment 1  CYP4C62 57% 9–173 McKenna_25162 

4 4 CYP4BM fragment 2v1  CYP4BM1 59% 1:99 McKenna_22342 

4 4 CYP4BM fragment 2v2  CYP4BM1 58% 24:86 McKenna_126849 

4 4 CYP4BM fragment 3v1  CYP4BM1 53% 4–116 McKenna_27981 

4 4 CYP4BM fragment 3v2  CYP4BM1 55% 1:54 McKenna_57285 

4 4 CYP4BM fragment 4  CYP4J20 75% 5:78 McKenna_51726 

4 4 CYP4BM fragment 5  CYP4BM1 53% 1:52 McKenna_104318 

4 4 CYP4DW1v1  CYP4Q5 35% 25:305 McKenna_56469 
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Clan Family  CYP name Remarks Best insect hit Percent ID Region Contig name 

2 15 CYP15A1 exon 2 CYP15A1 60% 30:115 McKenna_83750 

2 15 CYP15A1 exons 3–4 CYP15A1 53% 3:138 McKenna_118825 

2 15 CYP15A1 exon 5 CYP15A1 67% 4:64 McKenna_67576 

2 15 CYP15A1 exons 5–6 CYP15A1 68% 284–433 McKenna_100712 

2 15 CYP15A1 exon 7 CYP15A1 67% 2:64 McKenna_64461 

2 15 CYP15A1 exon 7, partial CYP15A1 83% 1:26 McKenna_10941 

2 18 CYP18A1 last exon CYP18A1 68% 5:163 McKenna_101568 

2 18 CYP18A1 exons 1–3 CYP18A1 64% 2–270 McKenna_945 

2 303 CYP303A1  CYP303A1 63% 1:55 McKenna_27165 

2 303 CYP303A1  CYP303A1 68% 1:306 McKenna_64985 

2 305 CYP305G1 aa 127–346 CYP305A1 40% 1:221 McKenna_101287 

4 4 CYP4DW1v2  CYP4BN11 29% 56–321 McKenna_59987 

4 4 CYP4DW2  CYP4Q5 46% 4:107 McKenna_41406 

4 4 CYP4DW3  CYP4Q5 46% 3:122 McKenna_73302 

4 4 CYP4DW4v1  CYP4AB6 28% 1:181 McKenna_35031 

4 4 CYP4DW4v2  CYP4AB6 25% 1:69 McKenna_65594 

4 4 CYP4DW fragment 1  CYP4AX1 44% 1:93 McKenna_90133 

4 4 CYP4 fragment 1  CYP4S4 42% 12:93 McKenna_82098 

4 4 CYP4 fragment 2  CYP4Q1 41% 30:61 McKenna_44239 

4 4 CYP4 fragment 3  CYP4BN11 44% 7:171 McKenna_48071 

4 4 CYP4 fragment 4  CYP4AY2 39% 1:137 McKenna_128699 

4 4 CYP4 fragment 5  CYP4Q12 43% 10:148 McKenna_89270 

4 4 CYP4 fragment 6  CYP4BQ1 45% 8:131 McKenna_92563 

4 4 CYP4 fragment 7  CYP4M14 40% 1–117 McKenna_113570 

4 4 CYP4 fragment 8  CYP4BN4 41% 6:129 McKenna_70904 

4 4 CYP4 fragment 9  CYP4BN4 53% 10:134 McKenna_97724 

4 4 CYP4 fragment 10  CYP4BN12v2 51% 446–497 McKenna_89867 

4 4      McKenna_63047 

4 4      McKenna_41802 

4 4      McKenna_58192 

4 349 CYP349 fragment 1  CYP349A1 39% 10:81 McKenna_59612 
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Clan Family  CYP name Remarks Best insect hit Percent ID Region Contig name 

2 15 CYP15A1 exon 2 CYP15A1 60% 30:115 McKenna_83750 

2 15 CYP15A1 exons 3–4 CYP15A1 53% 3:138 McKenna_118825 

2 15 CYP15A1 exon 5 CYP15A1 67% 4:64 McKenna_67576 

2 15 CYP15A1 exons 5–6 CYP15A1 68% 284–433 McKenna_100712 

2 15 CYP15A1 exon 7 CYP15A1 67% 2:64 McKenna_64461 

2 15 CYP15A1 exon 7, partial CYP15A1 83% 1:26 McKenna_10941 

2 18 CYP18A1 last exon CYP18A1 68% 5:163 McKenna_101568 

2 18 CYP18A1 exons 1–3 CYP18A1 64% 2–270 McKenna_945 

2 303 CYP303A1  CYP303A1 63% 1:55 McKenna_27165 

2 303 CYP303A1  CYP303A1 68% 1:306 McKenna_64985 

2 305 CYP305G1 aa 127–346 CYP305A1 40% 1:221 McKenna_101287 

4 349 CYP349 fragment 2  CYP349A1 36% 3:73 McKenna_43307 

4 349 CYP349 fragment 3  CYP349B1 42% 14–92 McKenna_36044 

4 349 CYP349 fragment 4v1  CYP349A2 63% 34–95 McKenna_104719 

4 349      McKenna_106919 

4 349 CYP349 fragment 5  CYP349A2 55% 51–102 McKenna_121359 

4 349 CYP349 fragment 6  CYP349A2 52% 1:134 McKenna_48771 

4 349      McKenna_51341 

4 349      McKenna_114597  

4 349      McKenna_74465 

3 6 CYP6BS3av1  CYP6BS1 54% 8–167 McKenna_19826 

3 6 CYP6BS3av2  CYP6BS1 54% 5:157 McKenna_72384 

3 6 CYP6BS3bv1  CYP6BS1 54% 7:192 McKenna_82275 

3 6 CYP6BS3bv2  CYP6BS1 53% 1:165 McKenna_125815 

3 6 CYP6BS3c  CYP6BS1 66% 365–460 McKenna_107371 

3 6 CYP6CR fragment  CYP6BK5 72% 1:66 McKenna_79748 

3 6 CYP6FN1v1  CYP6BQ13v1 39% 5:501 McKenna_52730 

3 6 CYP6FN1v2a  CYP6BQ13v1 40% 10:465 McKenna_47539 

3 6 CYP6FN1v2b  CYP347A1 44% 61:97 McKenna_46662 

3 6 CYP6FN2  CYP6BQ13v2 58% 4:93 McKenna_90090 

3 6 CYP6FN fragment 1  CYP9A 60% 13:68 McKenna_84618 
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Clan Family  CYP name Remarks Best insect hit Percent ID Region Contig name 

2 15 CYP15A1 exon 2 CYP15A1 60% 30:115 McKenna_83750 

2 15 CYP15A1 exons 3–4 CYP15A1 53% 3:138 McKenna_118825 

2 15 CYP15A1 exon 5 CYP15A1 67% 4:64 McKenna_67576 

2 15 CYP15A1 exons 5–6 CYP15A1 68% 284–433 McKenna_100712 

2 15 CYP15A1 exon 7 CYP15A1 67% 2:64 McKenna_64461 

2 15 CYP15A1 exon 7, partial CYP15A1 83% 1:26 McKenna_10941 

2 18 CYP18A1 last exon CYP18A1 68% 5:163 McKenna_101568 

2 18 CYP18A1 exons 1–3 CYP18A1 64% 2–270 McKenna_945 

2 303 CYP303A1  CYP303A1 63% 1:55 McKenna_27165 

2 303 CYP303A1  CYP303A1 68% 1:306 McKenna_64985 

2 305 CYP305G1 aa 127–346 CYP305A1 40% 1:221 McKenna_101287 

3 6 CYP6FN fragment 2  CYP347A1 52% 444–498 McKenna_81616 

3 6 CYP6FP1v1  CYP6BQ13v1 53% 9:326 McKenna_49810 

3 6 CYP6FP1v2a  CYP6BQ13v1 53% 1:284 McKenna_61856 

3 6 CYP6FP1v2b  CYP6BL1 58% 1:49 McKenna_116773 

3 6 CYP6FP2v1  CYP6BQ13v1 52% 2–363 McKenna_21703 

3 6 CYP6FP2v2  CYP6BQ15 45% 1:179 McKenna_67641 

3 6 CYP6FP3v1  CYP6BQ13v1 60% 11:373 McKenna_24576 

3 6 CYP6FP3v2  CYP6BQ13v1 71% 12:185 McKenna_44691 

3 6 CYP6FP4  CYP6BQ13v1 56% 1–356 McKenna_11981 

3 6 CYP6FP5  CYP6BQ11 52% 1–403 McKenna_12024 

3 6 CYP6FP6  CYP6BQ5 54% 14:202 McKenna_53784 

3 6 CYP6FP fragment 1  CYP6BQ13v1 63% 8:191 McKenna_32062 

3 6 CYP6FP fragment 2  CYP6BQ13v1 72% 1:55 McKenna_29860 

3 6 CYP6FP fragment 3  CYP6BK11 52% 1–107 McKenna_5400 

3 6 CYP6FP fragment 4v1  CYP6BQ13v1 60% 5:60 McKenna_59278 

3 6 CYP6FP fragment 4v2  CYP6BQ13v1 60% 1:51 McKenna_71125 

3 6 CYP6FP fragment 5v1  CYP6BK5 56% 1:25 McKenna_79212 

3 6 CYP6FP fragment 5v2  CYP6BK5 56% 1:36 McKenna_79978 

3 6 CYP6FP fragment 6  CYP6BQ15 43% 16–135 McKenna_24719 

3 6      McKenna_33613 
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Clan Family  CYP name Remarks Best insect hit Percent ID Region Contig name 

2 15 CYP15A1 exon 2 CYP15A1 60% 30:115 McKenna_83750 

2 15 CYP15A1 exons 3–4 CYP15A1 53% 3:138 McKenna_118825 

2 15 CYP15A1 exon 5 CYP15A1 67% 4:64 McKenna_67576 

2 15 CYP15A1 exons 5–6 CYP15A1 68% 284–433 McKenna_100712 

2 15 CYP15A1 exon 7 CYP15A1 67% 2:64 McKenna_64461 

2 15 CYP15A1 exon 7, partial CYP15A1 83% 1:26 McKenna_10941 

2 18 CYP18A1 last exon CYP18A1 68% 5:163 McKenna_101568 

2 18 CYP18A1 exons 1–3 CYP18A1 64% 2–270 McKenna_945 

2 303 CYP303A1  CYP303A1 63% 1:55 McKenna_27165 

2 303 CYP303A1  CYP303A1 68% 1:306 McKenna_64985 

2 305 CYP305G1 aa 127–346 CYP305A1 40% 1:221 McKenna_101287 

3 6 CYP6FQ1  CYP6BQ13v1 42% 11:173 McKenna_125712 

3 6 CYP6 fragment 1  CYP6BQ4 45% 5–326 McKenna_17948 

3 6 CYP6 fragment 2  CYP6BQ1 43% 2:78 McKenna_45581 

3 6 CYP6 fragment 3  CYP6CE2 53% 1:61 McKenna_129906 

3 6 CYP6 fragment 4  CYP6BQ13 42% 10–167 McKenna_20011 

3 6 CYP6 fragment 5  CYP6BQ4 35% 1:177/154:199 McKenna_81771 

3 6 CYP6 fragment 6  CYP6BQ15 42% 8:172 McKenna_130670 

3 6 CYP6 fragment 7  CYP6BQ21 36% 1:124 McKenna_69116 

3 6 CYP6 fragment 8v1  CYP6BQ13v1 46% 16:177 McKenna_109885 

3 6 CYP6 fragment 8v2  CYP6BQ13v1 47% 25:190 McKenna_62152 

3 6 CYP6 fragment 9v1  CYP6BS2 40%  McKenna_104261 

3 6 CYP6 fragment 9v2  CYP6BS2 40% 55–106 McKenna_22059 

3 6      McKenna_17693  

3 9 CYP9Y2  CYP9Y1 47% 9:487 McKenna_44663 

3 9 CYP9Y3v1  CYP9Y1 54% 1:467 McKenna_34157 

3 9 CYP9Y3v2  CYP9Y1 54% 1:196 McKenna_67139 

3 9 CYP9Y4  CYP9Y1 56% 5:458 McKenna_38109 

3 9 CYP9BA1v1  CYP9Z2 44% 1:584 McKenna_68213 

3 9 CYP9BA2v1  CYP9Z4 61% 10–159 McKenna_131727 

3 9 CYP9BA2v2  CYP9Z4 61% 6:143 McKenna_30031a 
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Clan Family  CYP name Remarks Best insect hit Percent ID Region Contig name 

2 15 CYP15A1 exon 2 CYP15A1 60% 30:115 McKenna_83750 

2 15 CYP15A1 exons 3–4 CYP15A1 53% 3:138 McKenna_118825 

2 15 CYP15A1 exon 5 CYP15A1 67% 4:64 McKenna_67576 

2 15 CYP15A1 exons 5–6 CYP15A1 68% 284–433 McKenna_100712 

2 15 CYP15A1 exon 7 CYP15A1 67% 2:64 McKenna_64461 

2 15 CYP15A1 exon 7, partial CYP15A1 83% 1:26 McKenna_10941 

2 18 CYP18A1 last exon CYP18A1 68% 5:163 McKenna_101568 

2 18 CYP18A1 exons 1–3 CYP18A1 64% 2–270 McKenna_945 

2 303 CYP303A1  CYP303A1 63% 1:55 McKenna_27165 

2 303 CYP303A1  CYP303A1 68% 1:306 McKenna_64985 

2 305 CYP305G1 aa 127–346 CYP305A1 40% 1:221 McKenna_101287 

3 9 CYP9BA1v2  CYP9Z6 41% 1:181 McKenna_91842 

3 9 CYP9BA3  CYP9Z4 44% 6:143 McKenna_30031b 

3 9 CYP9BA4  CYP9Z2 41% 12:356 McKenna_32781 

3 9 CYP9BA5  CYP9Z1 42% 1:108 McKenna_44095 

3 9      McKenna_60215  

3 9 CYP9BB1  CYP9Z4 48% 2:389 McKenna_100427 

3 9 CYP9BC1  CYP9Z5 41% 5:251 McKenna_114665 

3 9 CYP9BD1P  CYP9Z4 47% 797–1227 McKenna_94145 

3 9 CYP9BE1  CYP9Z6 55% 1:283 McKenna_50287 

3 9 CYP9BE2  CYP9Z4 57% 1–154 McKenna_20898 

3 9 CYP9BE3  CYP9Z2 40% 3–168 McKenna_109359 

3 9 CYP9BE4v1  CYP9Z6 63% 1–129 McKenna_9307 

3 9 CYP9BE4v2  CYP9Z5 65% 102–155 McKenna_121348 

3 9 CYP9BE5v1  CYP9Z6 59% 2–120 McKenna_120940 

3 9 CYP9BE5v2  CYP9Z5 57% 11:129 McKenna_118374 

3 9 CYP9BE6v1  CYP9Z4 52% 2:134 McKenna_24087 

3 9 CYP9BE6v2  CYP9Z4 52% 2:134 McKenna_114066 

3 9 CYP9BE7P  CYP9Z4 42% 1:215 McKenna_108449 

3 9 CYP9BF1  CYP9Z4 48% 1:198 McKenna_83602 

3 9 CYP9BG1v1  CYP9Z4 41% 24:169 McKenna_87030 
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Clan Family  CYP name Remarks Best insect hit Percent ID Region Contig name 

2 15 CYP15A1 exon 2 CYP15A1 60% 30:115 McKenna_83750 

2 15 CYP15A1 exons 3–4 CYP15A1 53% 3:138 McKenna_118825 

2 15 CYP15A1 exon 5 CYP15A1 67% 4:64 McKenna_67576 

2 15 CYP15A1 exons 5–6 CYP15A1 68% 284–433 McKenna_100712 

2 15 CYP15A1 exon 7 CYP15A1 67% 2:64 McKenna_64461 

2 15 CYP15A1 exon 7, partial CYP15A1 83% 1:26 McKenna_10941 

2 18 CYP18A1 last exon CYP18A1 68% 5:163 McKenna_101568 

2 18 CYP18A1 exons 1–3 CYP18A1 64% 2–270 McKenna_945 

2 303 CYP303A1  CYP303A1 63% 1:55 McKenna_27165 

2 303 CYP303A1  CYP303A1 68% 1:306 McKenna_64985 

2 305 CYP305G1 aa 127–346 CYP305A1 40% 1:221 McKenna_101287 

3 9 CYP9BG1v2  CYP9Z1 42% 23–117 McKenna_59660 

3 9 CYP9 fragment 1  CYP9Z4 43% 7:272 McKenna_43434 

3 9 CYP9 fragment 2  CYP9V1 45% 1–111 McKenna_128566 

3 9 CYP9 fragment 3  CYP9Z2 45% 
16–134/165–

216 
McKenna_101612 

3 9 CYP9 fragment 4  CYP9Z5 38% 8:73 McKenna_73464 

3 9 CYP9 fragment 5  CYP9V1 47% 5:54 McKenna_54994 

3 9 CYP9 fragment 6v1  CYP9V1 44% 2:136 McKenna_27215 

3 9 CYP9 fragment 6v2  CYP9Z1 55% 2:72 McKenna_39779 

3 9 CYP9 fragment 7  CYP9V1 41% 2:87 McKenna_71298 

3 9 CYP9 fragment 8  CYP9Z6 57% 10:69 McKenna_22233 

3 9 CYP9 fragment 9  CYP9Z1 42% 1–223 McKenna_6103 

3 9 CYP9 fragment 10  CYP9AC1 44% 11:139 McKenna_87274 

3 9 CYP9 fragment 11v1  CYP9Z4 54% 2:111 McKenna_72064 

3 9 CYP9 fragment 11v2  CYP9Z4 54% 2:111 McKenna_23880 

3 9 CYP9 fragment 12  CYP9AC1 51% 1–148 McKenna_26312 

3 9 CYP9 fragment 13  CYP9AS3 42% 290–588 McKenna_134640 

3 9 CYP9 fragment 14v1  CYP9Z2 37% 1:254 McKenna_125545 

3 9 CYP9 fragment 14v2  CYP9A20 35% 3:134 McKenna_92383 

3 9      McKenna_44011 
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Clan Family  CYP name Remarks Best insect hit Percent ID Region Contig name 

2 15 CYP15A1 exon 2 CYP15A1 60% 30:115 McKenna_83750 

2 15 CYP15A1 exons 3–4 CYP15A1 53% 3:138 McKenna_118825 

2 15 CYP15A1 exon 5 CYP15A1 67% 4:64 McKenna_67576 

2 15 CYP15A1 exons 5–6 CYP15A1 68% 284–433 McKenna_100712 

2 15 CYP15A1 exon 7 CYP15A1 67% 2:64 McKenna_64461 

2 15 CYP15A1 exon 7, partial CYP15A1 83% 1:26 McKenna_10941 

2 18 CYP18A1 last exon CYP18A1 68% 5:163 McKenna_101568 

2 18 CYP18A1 exons 1–3 CYP18A1 64% 2–270 McKenna_945 

2 303 CYP303A1  CYP303A1 63% 1:55 McKenna_27165 

2 303 CYP303A1  CYP303A1 68% 1:306 McKenna_64985 

2 305 CYP305G1 aa 127–346 CYP305A1 40% 1:221 McKenna_101287 

3 9      McKenna_58513 

3 9      McKenna_133538  

3 9      McKenna_62451 

3 9      McKenna_111718  

3 345 CYP345D4  CYP345D2 48% 4–312 McKenna_132274 

3 345 CYP345D5  CYP345D3 40% 19–297 McKenna_73770 

3 345 CYP345D6  CYP345D3 43% 58–321 McKenna_123923 

3 345 CYP345D7     McKenna_84502  

3 345 345K1v1  CYP345D3 44% 1:516 McKenna_44351 

3 345 345K1v2  CYP345D1 48% 27:246 McKenna_101506 

3 345 345K2  CYP345D2 48% 1:106 McKenna_32234 

3 345 345K3v1  CYP345D3 47% 1:195 McKenna_71905 

3 345 345K3v2  CYP345D2 49% 283–407 McKenna_110460 

3 345 345K4v1  CYP345D3 44% 5:140 McKenna_53591 

3 345 345K4v2 
EXXR to 

HEME 
CYP345D1 51% 2–270 McKenna_93915 

3 345 345 new     McKenna_63104  

3 345 CYP345 fragment 1  CYP345A2 43% 1:109 McKenna_70825 

3 345 CYP345 fragment 2  CYP345A2 47% 1:51 McKenna_20430 

3 435 CYP435A1v1  CYP9D8 31% 20–130 McKenna_109920 
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Clan Family  CYP name Remarks Best insect hit Percent ID Region Contig name 

2 15 CYP15A1 exon 2 CYP15A1 60% 30:115 McKenna_83750 

2 15 CYP15A1 exons 3–4 CYP15A1 53% 3:138 McKenna_118825 

2 15 CYP15A1 exon 5 CYP15A1 67% 4:64 McKenna_67576 

2 15 CYP15A1 exons 5–6 CYP15A1 68% 284–433 McKenna_100712 

2 15 CYP15A1 exon 7 CYP15A1 67% 2:64 McKenna_64461 

2 15 CYP15A1 exon 7, partial CYP15A1 83% 1:26 McKenna_10941 

2 18 CYP18A1 last exon CYP18A1 68% 5:163 McKenna_101568 

2 18 CYP18A1 exons 1–3 CYP18A1 64% 2–270 McKenna_945 

2 303 CYP303A1  CYP303A1 63% 1:55 McKenna_27165 

2 303 CYP303A1  CYP303A1 68% 1:306 McKenna_64985 

2 305 CYP305G1 aa 127–346 CYP305A1 40% 1:221 McKenna_101287 

3 435 CYP435A1v2  CYP9D8 31% 195:326 McKenna_51177 

3 436 CYP436A1  CYP9X1 35% 1:245 McKenna_46973 

3 436 CYP436A2  CYP9V1 32% 8:151 McKenna_127722 
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List A.1.4. List of Annotated Harmonia axyridis CYP Sequences  

 

At least 94 different genes, based on unique exon counts 

Sequenced by D. Nelson on April 13, 2012 

Added 27 new sequences including 2 full genes on June 11. 

 

CYP2 clan (16 sequences, probably 7 different sequences) 

 

The annotated CYP sequences presents the detailed information on annotation. For 

interpreting the annotation, we presented the first few annotations with subheadings (such 

as for CYP genes); other annotations without subheadings could be interpreted similarly. 

 

 

CYP Name: >CYP15A1 assembled sequence missing the first 28 amino acids from 6 

contigs 

Sequence Identity: 61% to CYP15A1 T. castaneum 

Obtained by assembling contig(s): McKenna_83750   

McKenna_118825  

McKenna_67576   

McKenna_100712  

McKenna_10941 

McKenna_64461   

Remarks on protein sequence: Search for exon 1 

Assembled CYP Sequence: 

GPLWLPIVGCLFQFKKLKEKFGYQHLAWQELYNRYGEVVGTKLGRKYVVVVFG

EEAVAQILTREEFEGRPNGFIFRMRTFGRRLGLVFSEGDFWKKQRKFSIQRLKKF

GYGGKQMIEKVEEETSYLMEAFMKKCAEPILMHDAFDVSVINVLWTMIAGERF

DLEDAKLKELMGIIHDAFRMLDMSGGLLNQIPLLRYLAPRSSGYRQIMKVMQGL

WNFLEDTVKDHKNNFSTDNPKDLIEAFLQEMNTHNDDTFSDEQLIASCLDLLMA

GSETTSNTLSFAVVYMLENPEVMRRVQLEQDKVVGRNRCPSLQDSTRLPYTNAV

LKEVQRIANIPPVGIAHRAVRDAELFGYTIPEDTIVLTSLYSVHMDPKTWKDPHVF

RPERFLGEEGKTIRERAFLPFGYGKRQCLGISLAKANYFLFFTSLLHRFNLEKTPG

ELQPDINGYDGITLSPKPFKVKLVPR*  

 

Special information: Note: T. castaneum exon 1 = 

MLFFVTLVISLVLLFLILDTIKPRRYPP 

 

Obtained by assembling contig: McKenna_83750 

revised DRN 4/3/12 

Sequence Identity: 60% to CYP15A1 T. castaneum 

Assembled CYP Sequence: 

GPLWLPIVGCLFQFKKLKEKFGYQHLAWQELYNRYGEVVGTKLGRKYVVVVF 
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GEEAVAQILTREEFEGRPNGFIFRMRTFGRRL 

 

Obtained by assembling contig: McKenna_118825 

revised DRN 4/3/12 

Sequence Identity: 53% to CYP15A1 T. castaneum, exons 3–4 

Assembled CYP Sequence: 

GLVFSEGDFWKKQRKFSIQRLKFGYGGKQMIEKVEEETSYLMEAFMKKCAEPIL

MHDAFDVSVINVLWTMIAGERFDLEDAKLKELMGIIHDAFRMLDMSGGLLNQIP

LLRYLAPRSSGYRQIMKVMQGLWNFLEDTVKDHKNNFSTDNPKDLIEAFLQEM

NTHNDDTFS  

Obtained by assembling contig: McKenna_64461 

McKenna_10941 same as McKenna_64461 

revised DRN 4/2/12 

Sequence Identity: 67% to CYP15A1 T. castaneum 

Assembled CYP Sequence: 

GKRQCLGISLAKANYFLFFTSLLHRFNLEKTPGELQPDINGYDGITLSPKPFKVKL

VPR* 

 

CYP Name: >CYP15A1  

Obtained by assembling contig: McKenna_100712 

                        McKenna_67576 same as McKenna_100712 exon 3 

revised DRN 4/2/12 

Sequence Identity: 68% to CYP15A1 T. castaneum, amino acids 284–431 

Assembled CYP Sequence: 

DEQLIASCLDLLMAGSETTSNTLSFAVVYMLENPEVMRRVQLEQDKVVGRNRCP

SLQDSVRLPYTNAVLKEVQRIANIPPVGIAHRAVRDAELFGYTIPEDTIVLTSLYS

VHMDPKTWKDPHVFRPERFLGEEGKTIRERAFLPFGY  

 

CYP Name: CYP18A1 Query 

Obtained by assembling contig: McKenna_945 

revised DRN 4/2/12 

Assembled CYP Sequence: 

MLILNCAKSVFHDLHQGDLQTILFVFFGVLVLVRLFQKLRELYILPPGPWGYPIV

GSICS 

LKKDLHVHFNDLAAEYGSLFSTRFGNQLIVVLSDYKMIRDIFRREEFTGRPNNEF

TKILDGYGLINIAGKLWKEQRKFVHEGLRHFGMSYLGTKKAQMETRITKEVEEF

LRMLKSKRGQKVDLNPYFAVSISNVICEILMSVRFSFDDKRFRRFMQLIDEGFRLF

GSLDKAVFIPIMRYLPGKWQTLNKIRQNRNEMGLFLQETIDEHRRTFNRDNIRDIL

DTYLLEIAKASDEGTEDCLFQGKDHGKFYS  

 

CYP Name: CYP18A1  

Obtained by assembling contig: McKenna_101568 

Remarks: C-terminal minus strand 

Sequence Identity: 68% to CYP18A1 C-terminal exon 

Assembled CYP Sequence: 
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DVKLNGFHIPQDVQVVPLLHAVHMDPALWDEPEKFNPSRFVNAEGKVVKPEFFL

PFGVGRRVCLGEIMARMELFLFFSNFIHSFDVSVPEDEPLPSLTGIAGITISPKHYN

VVLEPRPNGWDIPSVSIRSTGSH* 

 

CYP Name: CYP18A1 H. axyridis assembled sequence 

Obtained from McKenna_945 

Sequence Identity: 64% to CYP18A1 T. castaneum amino acids 64–311 

Remarks: 

Proline-rich region in the N-terminus is approximately 30 amino acids from the starting 

methionine 

Adjacent to CYP306A1 as observed in Drosophila and Daphnia 

Assembled CYP Sequence: 

MLILNCAKSVFHDLHQGDLQTILFVFFGVLVLVRLFQKLRELYILPPGPWGYPIV

GSICSLKKDLHVHFNDLAAEYGSLFSTRFGNQLIVVLSDYKMIRDIFRREEFTGRP

NNEFTKILDGYGLINIAGKLWKEQRKFVHEGLRHFGMSYLGTKKAQMETRITKE

VEEFLRMLKSKR GQKVDLNPYFAVSISNVICEILMSVRFSFDDKRFRRFMQLIDE 

GFRLFGSLDKAVFIPIMRYLPGKWQTLNKIRQNRNEMGLFLQETIDEHRRTFNRD 

NIRDILDTYLLEIAKASDEGTEDCLFQGKDHGKFYS 

   (85-amino acid gap) 

DVKLNGFHIPQDVQVVPLLHAVHMDPALWDEPEKFNPSRFVNAEGKVVKPEFFL

PFGVGRRVCLGEIMARMELFLFFSNFIHSFDVSVPEDEPLPSLTGIAGITISPKHYN

VVLEPRPNGWDIPSVSIRSTGSH*  

 

>CYP303A1 H. axyridis assembled sequence 

67% identical to CYP303A1 T. castaneum  

McKenna_27165 exon 1  

McKenna_64985 exons 2–3 

MWLVVGLFIVILGLLVFLDTKKPKNYPPGPKWLPLLGSALEVIKERKRTGYLYV

ATAEMSKTYGPVVGLKVGKDLLVIVYGGTALKEFLTSEDLAGRPTGIFFEKRTW

GKRLGIMLTDSDFWQEQRRFVLRQLREFGFGRKNMSLMIEEESDHMVHDIKDL

MNNSGHLIADMESIFNIHVLNTLWTMLAGVRYSSQDKGLKELQGILGELFAHID

MVGAPFSQFPVLRFIAPELSGYKRYVKTHIHVWDFINRELKRHKESHNPAEPRDF

MDVYINILNSPDRKSSFTEDQLLAICMDMFMAGSETTSKTLGFMFLYLILNTDVQ

KKAQEEIDRVVGKNRFPSLEDRPKMPYMESCVLEALRMFAGRAFSVPHRAMRD

THLQGYFIPK 

 

>CYP305G1 

 McKenna_101287 

revised DRN 4/2/12 

40% identical to CYP305A1 T. castaneum amino acids 127–346 

RQFVVKHLKTLGLGKEIMSNLVKYEVANLLKILPNNNTAIKTLLAPCVINIFWSLT

TGSRFDVNDCRIEKLIAILGARSKVFDLAGGIMNALPWLRFIAPKKIGYEMICKLN

KELYTLFMKTIEEHYKTYDEDNDEDLINMYIKEIKKGNAHFTGIFNIQFFFSDEKL

VIVLLDLFIAGSQTTSTTLDFALMMMILRPELQEKLQKQLDDAFDKNVPIDYSQK

WR  
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>CYP306A1  

McKenna_97505 

revised DRN 4/3/12 

59% identical to CYP306A1 T. castaneum 

MFNFSLQMTSTFLIGLILVVLFLSWWRKRNQFLPPGPWNIPIIGSLLWLDPKKPYK

TLHDFAKRYGPIYGLYMGGIYTVVLSDAKLIKKVLSKEATTGRAPLYITHGLMK

GC  

 

>CYP306A1  

McKenna_12807  

amino acids 396–531 

revised DRN 4/3/12 

53% identical to CYP306A1 Leptinotarsa decemlineata 

GIICAEGPLWKDQRKLLFNFLRNIGAAKVSTKRTAMENLILKHVDGFVDYIESVG

ESPNFSPLEHLRHTIGSFMNEIVFGESWSKDDKTWIYLQHLQEEGIKYIGIAGPVN

FLPILR 

FLPIFRKNLKFLQDGLETTHKLYDEIIANHRKTLKQQLDENPDFEPQNLLDTFLLE

KKKKENTPDRLFYNDQQLRYLLADVFGAGLDTTLTTLSWYLLFMSLHEDLQKL

VREELASVLQGRRPTMVDFQELPLFEASIAEVQRIRSTVPVGIPHGTIAPIEIEGFQI

PKETMIIPLQWSVHMDEKKWRDPEIFDPKRFLDENGSFCRSENFIPFQA 

 

>CYP306A1  

McKenna_101568 

revised DRN 4/3/12 

plus strand 

53% identical to CYP306A1 Leptinotarsa decemlineata 

adjacent to CYP18A1 tail-to-tail 

GKRICIGDELAKMLLYLFASTILQKYRLSIDSEENVNLDGHCGITLSPESFKITFKK

VQA*  

 

>CYP306A1 assembled sequence 

McKenna_97505 

McKenna_12807 

McKenna_101568 

52% identical to CYP306A1 Leptinotarsa decemlineata 

MFNFSLQMTSTFLIGLILVVLFLSWWRKRNQFLPPGPWNIPIIGSLLWLDPKKPYK

TLHDFAKRYGPIYGLYMGGIYTVVLSDAKLIKKVLSKEATTGRAPLYITHGLMK

GCGIICAEGPLWKDQRKLLFNFLRNIGAAKVSTKRTAMENLILKHVDGFVDYIES

VGESPNFSPLEHLRHTIGSFMNEIVFGESWSKDDKTWIYLQHLQEEGIKYIGIAGP

VNFLPILRFLPIFRKNLKFLQDGLETTHKLYDEIIANHRKTLKQQLDENPDFEPQN

LLDTFLLEKKKKENTPDRLFYNDQQLRYLLADVFGAGLDTTLTTLSWYLLFMSL

HEDLQKLVREELASVLQGRRPTMVDFQELPLFEASIAEVQRIRSTVPVGIPHGTIA

PIEIEGFQIPKETMIIPLQWSVHMDEKKWRDPEIFDPKRFLDENGSFCRSENFIPFQ

AGKRICIGDELAKMLLYLFASTILQKYRLSIDSEENVNLDGHCGITLSPESFKITFK

KVQA* 
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>CYP307A1  

McKenna_44905  

71% identical to CYP307A1 T. castaneum 

ALALCDWSSLQKTRRNIARAYCSPKLTSLQCDKVKAVALEELKVFLTELNKLPL

EEPVDIKPIVLKACANMFTKYMCSTSFAYDDKEFSLVVRYFDEIFWEINQGYAVD

FMPWLLPMYTGHMNKISNWATVIRSFILERIINEHEASLDYDGIPRDFTDALLMH

LAEDPNMNWQHIIFQLEDFIGGHSAVGNLIMVTLSSVIKYPEVAAKIQKEVDSVT

GGNRCPNLFDKEAMPYTEATIMEALRLASSPIVPHVATVDSNIGGYTVNKGTMIF

INNYELNIGDDYWSEPNKFKPERFISAGGHISKPAHFIPFSTGKRTCIGQKLVQYFC

FVILATLVQHFDLSVPVPPKLKPGCVAVHPDCFKFILKSRGHNNV*  

 

>CYP307B1 

 McKenna_18893 

 McKenna_44706 exon 1 

revised DRN 4/3/12 

60% identical to CYP307B1 T. castaneum 

MISLLLLSQFTMVLIVILMVIVLLVIYENKRSNSKLPTLDNGLLLPPVPFQLPLIGH

LHLMGGYDVPYKALTEIGRKYGNVVKLQLGNVKCVVVNDQRNIREAIINKSHHF

DARPNFARYEHLFSGNKQNSLAFCDWSEVQRTRRDMLKFHTFPRVSTGIFNSLES

IINKNTRGIIAKVDTGKPVNLKPIIIQHCANIFTKHFCTKQFSYNDKEFLNMVEDFD

EIFYEVNQGYAADFLPFLMPFHKGNLKRISSLTHNIRNFVLNRIIEDRYEKFNKEN

EPKDYVDDLLRHVKTEGEFDWETALFALEDIIGGHSAVGNFFMKLLGFLVKETE

VQKKIQKEIDNIISSEGRDILIKDRNRMPYTEATIYEAIRLIASPIVPRVANQNSSIDG

YLIEKDTLLLLNNHDLSMSNKLWLHPEKFMPERFIKDGRIVKPDHYLPFGGGKRS

CMGYKMVQLISLGILGGLLQHYTIHPVDKEEYKVPIGSLALPKNTFHFKFIKRFAP

SC* 

 

CYP3 clan (104 sequences, at least 47 different sequences) 

Note: Thirty-eight different CYP3 clan genes have been named; however, some are 

incomplete, and some of these incomplete genes may be joined to form whole genes. 

 

There are 5 N-terminal CYP6 fragments and 5 CYP6 C-helix fragments 

Thus, there are at least 5 genes in this set of fragments 

 

>CYP6BS3av1 

 McKenna_19826 

starting methionine not found 

revised DRN 4/9/12  

98% identical to McKenna_72384 PROBABLE ALLELE 

54% identical to CYP6BS1 T. castaneum 

TLFTACLLLLYIYSRITYTYWKSRGVPQLDPSFPFGDVTSVIFRLKNMGERTKEMF

DWARLRGHRYIGVYSFFRKGILLADPVLIREVMGRFNDRGIHYDEKNDPISAHLF

SLAGPKWKNLRTKLTPAYSPKQLRNLFNVVMDCGMKLIEFVEENV 

 

>CYP6BS3av2 

McKenna_72384 
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starting methionine not found 

revised DRN 4/9/12  

54% identical to CYP6BS1 T. castaneum 

98% identical to McKenna_19826 PROBABLE ALLELE 

TLFTACLLLLYIYSRITYNYWKSRGVPQLDPSFPFGDVTSVIFRRKNMGERTKEM

FDWARLRGHRYIGVYSFFRKGILLADPVLIREVMGRFNDRGIHYDEKNDPISAHL

FSLAGPKWKNLRTKLTPAYSPKQLRNLFNVVMDCGMKLIEFVEENV 

 

>CYP6BS3bv1 

McKenna_82275 

revised DRN 4/9/12  

98% identical to McKenna_125815 probable allele 

54% identical to CYP6BS1 T. castaneum 

45% identical to CYP6FP4 McKenna_11981 

 

GRPIEIEIKETFARYNTDVIGSTALGLECNSLKDPNAEFRQIGKRAFTQNYVDIFRI

SIIRNMPRLAEFFGLGIFTPQVTEFFRRVVRETVEYREKNNVRREDFLQILIELKNN

ATSNALTMDEIAAQVFIFFLAGFETTSTTTCFAVYELAKNKEIQDRARLEIRKGLE

KHGGVLDYEILQEFTYLDMIVH  

 

>CYP6BS3bv2  

McKenna_125815 

revised DRN 4/9/12 

98% identical to McKenna_82275 

53% identical to CYP6BS1 T. castaneum 

DNTDVIGSTALGLECNSLKDPNAEFRQIGKRAFTQNYVDIFRISIIRNIPRLAEFFGL

GIFTPQVTEFFRRVVRETVEYREKNNVRREDFLQILIELKNSATSNALTMDEIAAQ

VFIFFLAGFETTSTTTCFAVYELAMNKEIQDRARLEIRKGLEKHGGVLDYEILQEF

TYLDMIVH (1) 

 

>CYP6BS3c  

McKenna_107371 

revised DRN 4/2/12 

66% identical to CYP6BS1 T. castaneum 

Significantly better than any other T. castaneum match 

EAMRKYPAAPFYLRRCPERYQLPDSNVVIEEGFNFVVSSLGLHRDPEYFPDPDRF

DPDRFSEENRSKIWDYTYMPFGSGPRICI  

 

>CYP6CR fragment  

McKenna_79748 

revised DRN 4/9/12  

53% identical to CYP6M6 Aedes aegypti 

63% identical to CYP6CR3 Dendroctonus 

both ends run off the contig 
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VETSATTATFALYEIALNEDIQNKLREEIRTVLKKHNGMTYEAFMEMNYLEQVIK

ETLRKYPPVPLAP 

 

>CYP6 fragment 5 

McKenna_81771 

revised DRN 4/9/12  

runs off the contig 

35% identical to CYP6BQ4 T. castaneum N-term 

40% identical to CYP6CR3 Dendroctonus 

39% identical to McKenna_17948 CYP6 fragment 5 

MDNSFSPIQHAIVPVVICILISILIFFKWSFCYWSRQGIPCVPNPIIPFGNLITVVQQK

ETLFELTKKIYLDAKKIKLKHLGMYIFAKPIWIPVDSDLIRNILIKDSSHFMNHGM

YINERDDPLTGNIFLLEDEKWKHTRAVTTKLFSPAKMKTILEFMLKSVQDIEEVL

NRA  

 

>CYP6FN1v1 Query 

McKenna_52730 

revised DRN 4/8/12 complete gene 

39% identical to CYP6BQ13v1 T. castaneum 

MTVATTISIIIILLGLLVTLVKRKYTFWKNRNVQTPPFKFGWGNFQDPILQRRCFS

DTLKDFYRFFKSRQLQHGGLYSFIFPVYVPIDLDIIKSILLVDFDHFAHRGFYMNE

VDDPLSATIFALNEDKWRWVRAKFSPAFSPAKLKVMFDSIMRCGEEFADTIGEV

CNGAVDITELNGGYTMNIIGQCAFGIECNSLKEPKNEYIVNGTAFFERSLLENIKIQ

LTEIVPELMKKLHISITRPSVTDFYKRLTLQAMEYREKSKIVKKDLLDLLIKMKN

MNESNDDVDNLDKTAKKLPFGEIVGLAYSMFLASFETTSIAISFTLYLLALHRDIQ

EKARDEVIRVMKKYNGKLTYESMSEFLYLDMVIDESMRLYPPVHHLYRMCTKD

YKVPGTDLILRKGQKVFVPVIGIHHDEEYYPDPEKFDPERFSTENSQDRNPITFMP

FGIGPKYCLAQRFGSLQVKIALIMVLQRFEMSTNEKTKNPLEFSTGNHITLFPKDG

IWLNMKKIIE*  

 

>CYP6FN1v2a Query 

McKenna_47539 

revised DRN 4/8/12 

40% identical to CYP6BQ13v1 T. castaneum 

97% identical to McKenna_52730 

MTVATTISIIIILLGLLVTLMKRKYTFWKNRNVPTPPFKFGWGNFQDPILQRRCFS

DTLKDFYRFFKSRQLQHGGLYSFIFPVYVPIDLDIIKSILLVDFDHFAHRGFYMNEI

DDPLSATIFALNEDKWRWVRAKFSPAFSPAKLKVMFDSIMRCGEEFADTIGEVC

NEAVDITELNGGYTMNIIGQCAFGIECNSLKEPKNEYIVNGTAFFERSLLENIKIQL

TEIVPELMKRLHISITRPSVTDFYKRLTLQAMEYREKNKIVNKDLLDLLIKMKNM

NESNDDVDNIDKTCAKKLPFGEIVGLAYSMFLASFETTSIAISFALYLLALHGDIQ

EKARDEVIRVMKKYNGKLTYESMSEFVYLDMVIDESMRLYPPVHHLYRMCTKD

YKVPGTDLILRKGQKVFVPVIGIHHDEEYYPDPEKFDPERFSIENSQDRNPITFMPF

GIGPKYCL 
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>CYP6FN1v2b  

McKenna_46662 

revised DRN 4/9/12  

98% identical to McKenna_52730 

44% identical to CYP347A1 T. castaneum C-term 

This sequence appears to be part of the CYP6FN1v2 allele 

AQRFGSLQVKIALIMVLQKFEMSTNEKTKNPLEFSTGNHITLFPKDGIWLNMKKII

E*  

 

>CYP6FN2  

McKenna_90090 

revised DRN 4/9/12  

70% identical to McKenna_52730 

58% identical to CYP6BQ13v2 T. castaneum 

ESMRYYPPVHVLNRVCTKDYQVPGSDLLLRKGQKVLIPVLGIQRDEEYYPDPDT

FNPERFSDENSTGRNPATFLPFGIGPRNCI 

 

>CYP6FN fragment 1 

McKenna_84618 

revised DRN 4/9/12  

90% identical to McKenna_90090 

60% identical to CYP9A Manduca sexta 

possible pseudogene because the exon ends are missing 

VLGSDLLLRKGQKVLIPVLGIQRDEEYYPDPDTFNPEKFSDKIS  

 

>CYP6FN fragment 2 

McKenna_81616 

revised DRN 4/9/12  

52% identical to CYP347A1 T. castaneum C-term 

56% identical to CYP6FN1v2b McKenna_46662 

56% identical to CYP6FN1v1 McKenna_52730 

GLRFGMVQVKTTIVSIIDNYEISLNKKTKYPLEFDTGHPLTLSPKGGIWLNLKKIE

K* 

 

>CYP6FP1v1  

McKenna_49810 

revised DRN 4/8/12  

53% identical to CYP6BQ13v1 T. castaneum 

GRFTTDVIGTCAFGIECNSLENPDNEFRLKGKAIFERPKDFWMIMYERFFIYLPNL

MQFLNLKYIDKEVTNFFVGITKKTIEYREKNGVRRKDIMDLLIQLKNNMKLADN

DQTPVDKDLPEEESGISVDEIAGQAFLFFEAGFETSSTAMTFCLYELASNKDVQD

KLRQEINEVLAKYDNKITYDAIMDMSYLEMVIQESLRKYPPIPTFRRVCTKSYRV

PGTEIVLQKGANVLIPVYGIHYDPLYYPEPEKFIPERFSDENKKSRHPFAFLPFGEG

PRMCIGIRFGLMEAKVGIITLLKRYEFEVSSKTKQPLEWNPKNFVLSAKGEIWLK

HKKIH*  

 



 

148 
 

>CYP6FP1v2a  

McKenna_61856 

revised DRN 4/8/12  

97% identical to McKenna_49810 

56% identical to McKenna_11981 

53% identical to CYP6BQ13v1 T. castaneum 

GRFTTDVIGSCAFGIECNSLENPDNEFRLKGKAIFERPKDFWMIMYERFFIYLPNL

MQFLNLKYIDKEVTNFFVGITKKTIEYREKNGVRRKDIMDLLIQLKNNVKLADN

DQAPVDKDLPEEESGISVDEIAGQAFLFFEAGFETSSTAMTFCLYELASNKDVQD

KLRQEINEVLEKYDNKITYDAIMDMPYLEMVIQESLRKYPPIPTFRRVCTKSYRV

PGTEIVLQKGANVLIPVYGIHYDPLYYPEPEKFIPERFSDENRKSRHPFAFLPFGEG

PRMCI  

 

>CYP6FP1v2b  

McKenna_116773 

revised DRN 4/9/12 

96% identical to McKenna_49810 

58% identical to CYP6BL1 T. castaneum 

Probable last exon of McKenna_61856 

GIRFGLMEAKVGIITLLKRYEFEVSSKTKQPLEWNPKNFVLSAKGEIWLKHKRIN*  

 

>CYP6FP2v1  

McKenna_21703 

revised DRN 4/7/12 

Missing the last 2 exons 

62% identical to McKenna_11981 

52% identical to CYP6BQ13v1 T. castaneum 

57% identical to CYP6FP1v2a 

96% identical to McKenna_67641 

86% identical to McKenna_24719 

MELFNTFTLLVCTTFLLIWFWLKNNYNFWKKRNIENSHYEYFWGSMKEVFLQK

DTFSDSTRKIYREFKDKGVRHGGLFFLWVPLYMPIDIELVKSIIQVDFQHFVDRGI

YVNEKADPLSAHLFSLQGKKWKLLRNKLTPTFTSGKIRMMFETLVDCTKGLEKL

MDKEMGKSVDIKDILGRFTTDVIGSCAFGLNCNSLEDPKSEFRVRGKSLFEKELG

RSIKDAILFLLPNLMKKLNMKMIPEDISNFFMTVVKDTVEYREKNNISRKDFMDL

LIQLKNKGKLVDDDQIGTEQITEAENYITLDEICAQAFIFFEAGFETSSTAMTFCLY

ELAKNKEIQKKAREEMRIVLSRHEGKLTYDAAMEMHYVEQVIN 

 

>CYP6FP2v2 Query 

McKenna_67641 

revised DRN 4/9/12  

45% identical to CYP6BQ15 Leptinotarsa decemlineata 

96% identical to McKenna_21703 

85% identical to McKenna_24719 

57% identical to McKenna_12024 

52% identical to McKenna_11981 
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MELFNTSTLLICTTFLLIWFWLKNNYNFWKKRNIESSHYEYFWGSMKEVFLQKD

TFSDSTRKIYREFKDKGARHGGLFFLWVPLYMPIDIEIVKSIIQVDFQHFVDRGIYL

NEKADPLSAHLFSLQGKKWKLLRNKLTPTFTSGKIRMMFETLVDCTKGLEKLMD

KEMGKSVDIKDIL  

 

>CYP6FP3v1  

McKenna_24576 

revised DRN 4/7/12 

missing first exon 

79% identical to McKenna_11981 

60% identical to CYP6BQ13v1 T. castaneum 

GRFTTDIIGSCAFGIECNSLEDPKSIFRQKGREFFDADLKQNMKNFSSLFVPQIMR

AFKITLIPRDISSFFINLVKDTVEYREKNNVIRKDFMQLLIQLKNEGKLVDDEKME

AEKINEDENRITMDEIAAQAFVFFQAGFETSSTTMTFCLYELARNKDIQEKLRKEII

QTLDRHGGKITYENVHEMVYLDQVINETLRKYPPLPNLNRVCTKEYKVPGTDLV

LEKGMQVIIPVFGIHRDPEYYPDPDKFDPERFTEENKRNRHQFSFLPFGEGPRICIG

LRFGLMQTKVGLIALLSKYEFSVNKKTIEPLQFKGTSFIMTTKGDIWLDFKKISESI

*  

 

>CYP6FP3v2  

McKenna_44691 

revised DRN 4/9/12  

98% identical to McKenna_24576 possible allele 

80% identical to McKenna_32062 

71% identical to CYP6BQ13v1 T. castaneum 

ETLRKYPPLPNLNRVCTKEYKVPGTDLVLEKGMQVIIPVFGIHRDPEYYPDPDKF

DPERFTEENKRNRHHFSFLPFGEGPRICIGLRFGLMQTKVGLIALLSKYEFSVNKK

TIEPLQFKGTSFIMTTKGDIWLDFEKISESRQ*  

 

>CYP6FP4 Query 

McKenna_11981 

revised DRN 4/7/12 

runs off the end of the contig 

56% identical to CYP6BQ13v1 T. castaneum 

56% identical to CYP6FP2v1 McKenna_21703 

71% identical to McKenna_12024 

78% identical to CYP6FP3v1 

80% identical to McKenna_32062 

82% identical to McKenna_44691 

LLTAIFLIYKWVNYKLTYWKRRDLLVPDKNYLKDTLDAVLSRNAFADRVLALY

RDFKSKGVHHGGNYVMLMPQYVPMDLDIIKSIMQVDFQHFVDRGVYMDEKND

PISAHLFSLTGAKWRILRHKLTPTFTSGKMKMMFGTLLDCTKGLHKVLEKTNGK

EVDIKDILARFTTDIIGSCAFGIECNSLDDPNSIFREKGVKIFDVDSKQNVIQFVSLV

MPQILKIFNIPMVPSDVSSFFINLVKDTVDYREKNNITRKDFMDLLIQLKNKGKLV

DDQEVEINENENRITIDEIAAQAFIFFEAGFETSSTTMTFCLYELARNKDVQEKLR
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KEILETLDRHGGKITYENIHSMVYLDQVIKETLRKYPPLPQLTRLCTKEYKVPGTD

LILEKGMQVMIPVMGIHRDADYYPDPDKFDP  

ERFSEENKDSRHQYSYLPFGEGPRVCI  

 

>CYP6FP5 Query 

McKenna_12024 

revised DRN 4/7/12 

70% identical to CYP6FP4 McKenna_11981 

52% identical to CY6BQ11 T. castaneum 

63% identical to CYP6FP2v1 McKenna_21703 

85% identical to CYP6FP3v1 McKenna_24576 

Missing the last 2 exons 

MEILNTFNLLVLTGVFLIYKWVNNKLNYWKSRGLQVSDISPLENLLNIIFARNSFA

DRGLQLYTDFKSKGIEHGGFYILLKPFYMPINLDLVKSILQVDFQHFVDRGVYMD

EKNDPLSAHLFSLTGKKWKNLRYKLTPTFTSGKMKMMFETVVDCTKGLHKLM

DKTNGKEVDIKDVLGRFTTDIIGSCAFGIECNSLEDPKSIFRQKGKEFFEADLIRNA

KFFMAFSFPQFMKTFNIAFIPRDISSFFMNLVKDTVEYREKNNVKRKDFMQLLIQ

LKNEGKLVDDEKMEAEKINEDENRITMNEITAQAFVFFQAGFETSSTTMTFCLYE

LARNKEIQKKLRTEIIQTLDRHGGKITYENVHEMTYLDQVIN  

 

>CYP6FP6  

McKenna_53784 

revised DRN 4/9/12  

52% identical to CYP6BQ5 T. castaneum 

53% identical to CYP6FP5 

54% identical to CYP6FP3v1 McKenna_24576 

ARFTTDIIGSVAFGVKCNSLENPKCEFRERAQAVFRTDILAAVKQGALYAFPELF

QSLNVKTLDPKSSEFFMDVIKDTVNYREKNNVFRRDFMHLLIQLKNSNKLMDTG

NKTVEDTSITVEEIAAQAFIFFEAGYESSSNTMTFALYELARHMDIQDRVREEIFQ

VLDKHGGVLNYDAVEEMKYLDQVLC  

 

>CYP6FP fragment 1  

McKenna_32062 

revised DRN 4/9/12  

63% identical to CYP6BQ13v1 T. castaneum 

80% identical to CYP6FP3v2 

80% identical to CYP6FP4 McKenna_11981 

ETLRKYPPLPNLNRICTKEYKIPGTDVILEKGMQVMIPVVGIHRDPEYYPDPDKFD

PDRFTEENKKSRHHFSFIPFGEGPRICIALRFGVLQSKVGLIALLSKYEFSINKKTV

EPIQFKASSIVTAAEGEIWLDFSKIPEGN*  

 

>CYP6FP fragment 2  

McKenna_29860 

revised DRN 4/9/12  

79% identical to CYP6FP3v1 

79% identical to CYP6FP3v2 McKenna_44691 
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72% identical to CYP6BQ13v1 T. castaneum 

ETLRKYPPGPILNRICTKEYKVPNTDIVLEKGIRVMIPVMGIHRDPEHYPDPEKFD

PERFSEENKRNIKPFTFLPFGEGPRVCI 

 

>CYP6FP fragment 3  

McKenna_5400 

revised DRN 4/4/12 

Last 2 exons (runs off the contig) 

52% identical to CYP6BK11 T. castaneum 

53% identical to McKenna_44691 

54% identical to McKenna_24576 

59% identical to McKenna_11981 

YPPVPLAPRLCTKDYKVPGCNTVIEKDTLVMVPITGVQRDADIYPDPDKFDPERF

GEGCS  

IPSMAFLSFGEGPRLCIGKRFGTLQTKVALATVLKNYQVTMNREKTEAPLQFAPK

SLITTPKGDVWLNVKRIQ* 

 

>CYP6FP fragment  

McKenna_33613  

49% identical to CYP6FP fragment 3 McKenna_5400 

This part is immediately downstream of the heme signature 

GMRVGITQVKVILSTILKNHRVTFDRQKTPYPLQYSRKSMIATPQGNIWFHIEKA* 

 

>CYP6FP fragment 4v1  

McKenna_59278 

revised DRN 4/3/12 

98% identical to McKenna_71125 (1-amino acid difference) probable allele 

60% identical to CYP6BQ13v1 T. castaneum 

GTRFGMMQTKVGLTALLLNYDFDVSEDTKEPIEFDPKSFILLTKGDIWLKYRRID

TTETEL* 

 

>CYP6FP fragment 4v2  

McKenna_71125 

revised DRN 4/9/12  

1-amino acid difference from McKenna_59278 

60% identical to CYP6BQ13v1 T. castaneum C-term 

GTRFGMMQTKVGLTALLLNYDFDMSEDTKEPIEFDPKSFILLTKGDIWLKYRRID

TTETEL * 

 

>CYP6FP fragment 5v1  

McKenna_79212 

revised DRN 4/9/12  

79% identical to 44691 C-terminus 

56% identical to CYP6BK5 T. castaneum 

GLRFGMMQTKVGLVTLLSNYEFSVNKKTIEPIEFKETSFIITTKGN  
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>CYP6FP fragment 5v2  

McKenna_79978 

56% identical to CYP6BK6 T. castaneum 

79% identical to McKenna_44691 

100% identical to McKenna_79212 

GLRFGMMQTKVGLVTLLSNYEFSVNKKTIEPIEFKETSFIITTKGN  

 

>CYP6FP fragment 6 Query 

McKenna_24719 

revised DRN 4/9/12  

43% identical to CYP6BQ15 Leptinotarsa decemlineata N-terminus 

86% identical to McKenna_21703 

85% identical to McKenna_67641 

MELFNTFTILVCTTILLIWLWLKNNYDFWKKRNIENAHYAYFWGSLKEVFLQKD

TFSNSTRKIYREFKEKGARHVGIFLLWVPLYMPIDIEIVKSIMQVDFQHFVDRGVY

VNEKADPLSAHLFSLEGKRWKLLRNKLSPTFTSGKMKMMFETLVDCTKGLKKV

MDEEMGKSVDIKDIL 

 

>CYP6FQ1  

McKenna_125712 

revised DRN 4/9/12 

42% identical to CYP6BQ13v1 T. castaneum 

43% identical to CYP6FP3v1 

49% identical to CYP6FP4  

DICLTMDEVVAQAYTYLFTGSETASSTLIMLFYECSLNKNIQHKLQKDIDDALAA

SGGEITYEAILEMKYLNMVISETLRKYPTLQFLMRKAVEDYRIEKINLQIKKGTRV

YVSIQGMHRDPKYYPNPEVFDPERFSKENQAERHPLTYIPFGEGPRNCIGKRLGY

FMIAVGAIHMFRKFSISPYKDSGKQLKLHPYSYTIRPEGSLMLNVTPR*  

 

>CYP6 fragment 1  

McKenna_17948 

revised DRN 4/8/12  

45% identical to CYP6BQ4 T. castaneum 

runs off the contig end 

40% identical to CYP6FP4 McKenna_11981 N-terminus to I-helix 

MALSLIIVEILVALLVVSAAMVFALYKYNFTYWRRKKVLHIPHPTIPFGNINDLVN

QSESLAELVINTYNFIKSHNAKHGGLYFFGKPIWMPVDLDLLNHVMIKDFTHFVN

HGFYVNAEHDPLSAHLFSLEDDNWRRMRAALTHTFTTGKIKMMFPIMIQNAQN

LEKIIKKAEAAGEAVNVKDLISRFTIDVITSTAFGLEINSIENPDADFRKAGNRFFV

DSGYEAFRNLLSFIIPRKFLDAIKFKLIKPDITEYFVNIVKKTIEYRENNNIERPDFIQ

LLIQLKNSGKVMNTGEETVKSKSVADKQMDMHLSVEEMAAQIFVFFLAGFETSA

TTA  

 

>CYP6 fragment 2  

McKenna_45581 

revised DRN 4/9/12  
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43% identical to CYP6BQ1 T. castaneum 

42% identical to CYP6FN1v1 McKenna_52730 N-term 

MLSLLTLGFLILTCLYLINKWLRGKFSFWSERGVITPPVNLGWGNYQEVILQKKS

FSQALHEFYKLFKAKGVLHGGLYSFTSPIYMPVDINI 

 

>CYP6 fragment  

McKenna_17693  

32% identical to CYP6BR2 sequence56, XP_969813.1 N-terminus CYP 6 family 

36% identical to CYP6AZ1 Mayetiola destructor 

MAFLIFLRIYIHFKKTYQYWQERGIKVVQSAVFPLGNFWTLIKRDIGVGHMLAE

WYNEVDAEAVGLYAINEPFLLVR  

 

>CYP6 fragment 3  

McKenna_129906 

revised DRN 4/9/12 

45% identical to CYP6BQ4 T. castaneum 

may join with McKenna_45581 

DPDIIKDILVKDFNSFMDRGIFMDKNDVLTGQLWKLPGYKWKPLRAKMSTCFTI

GKLKMMFSNLLKSGSEMEIFLNKAAEAESVDVSISL 

 

>CYP6 fragment 4  

McKenna_20011 

revised DRN 4/9/12  

42% identical to CYP6BQ13v1 T. castaneum N-terminus to C-helix 

46% identical to McKenna_67641 

46% identical to McKenna_21703 

48% identical to CYP6FP4 McKenna_11981 

MADPLSLALIATCVVLFCTWLRYKFTHWSRKNIPTPSLQLFLKLFKMGILQQNAY

ADRDLYLYNNFKQQNFLHGGTYFYHLPIYIPIDLKIIKHILQIDHQHFTDRGLYVN

EKADPLSAHLFSLGGERWRSLRKKLTPTFTSGKLRMMFDTMQDCTCDLQRVMT

ENIGTDFDVRDVM  

 

>CYP6 fragment 6 Query 

McKenna_130670 

revised DRN 4/9/12 

42% identical to CYP6BQ15 Leptinotarsa decemlineata 

42% identical to CYP6FP2v1 McKenna_21703 

MEFYTATLTLLTATLILFWIWTRKVFSFWSNCGVETTPFSYLWGHLRTPFFHGPA

LGDRIKLIYNHLKSKNLKHGGFYLLFDPIYVPMDLDICKAILQTDFQHFVDRGGR

VFNGDPLTAHLLNLKGKKWKKMRSKLTPAFSSGKMKMMFETLLACTNSLDKIM

DELLSSDIDIKDVL  

 

>CYP6 fragment 7  

McKenna_69116 

revised DRN 4/9/12  

32% identical to CYP6FB1 Colorado potato beetle 
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36% identical to CYP6BQ21 Leptinotarsa decemlineata before the I-helix 

VDDLCRRFSADIIGSSLFGLEVKSFKDRDDDFLRMSTCLLSTFNRKNSIKAALQV  

IAPNLIDVFSFFKIETVNKYALAFVYNMVEKIIDFREKTGNVGKDMMQLLIQLKK

FGKVDGDNGEK  

 

>CYP6 fragment 8v1  

McKenna_109885 

revised DRN 4/9/12  

98% identical to McKenna_62152 PROBABLE ALLELE 

46% identical to CYP6BQ13v1 T. castaneum 

48% identical to CYP6FP3v1 McKenna_24576 

GSTFFNRTFFENVKLYFSDVFPGIMKKLHVRVSRPSTIKFFERLTRETIEYREENNII 

RKDFMHLLIQLKNSGKLIDSEEVGNIGKSENGETISFADLVGQAYVFFLAGYETPS

NTISFTLYFLSVFKEVQEKCRKEIKTVLDKYGGNLTYQAVMELHYLESVIN  

 

>CYP6 fragment 8v2  

McKenna_62152 

revised DRN 4/9/12  

98% identical to McKenna_109885 PROBABLE ALLELE 

47% identical to CYP6BQ13v1 T. castaneum 

GSTFFNRTFFENVKLYFSDVFPGIMKKLHVRVSRPSTIKFFERLTRETIEYREQNNI

IRKDFMHLLIQLKNSGKLIDSEEVGNIGKSENGETISFADLVGQAYVFFLAGYETP

SNTISFTLYFLSVFKEAQEKCRKEIKTVLDKYGGKLTYQAVMELHYLESVIN  

 

>CYP6 fragment 9v1  

McKenna_104261 

same as McKenna_22059 

40% identical to CYP6BS2 Dendroctonus ponderosae 

last exon  

GMRFAILEIKITLVNLLNNYVLRINSNTKLPASLAKQGVLLAPANPIWVDFEPARL

AVRINRYPNDQFE* 

 

>CYP6 fragment 9v2  

McKenna_22059 

same as McKenna_104261 

40% identical to CYP6BS2 Dendroctonus ponderosae 

last exon  

GMRFAILEIKITLVNLLNNYVLRINSNTKLPASLAKQGVLLAPANPIWVDFEPARS

AVHINRFPNDQFE* 

 

>CYP9Y2  

McKenna_44663 

revised DRN 4/2/12 

42% identical to CYP9AB1 T. castaneum 

47% identical to CYP9Y1 T. castaneum 

53% identical to CYP9Y McKenna_34157 



 

155 
 

54% identical to McKenna_38109 

MMLLLLVILLILIIIGHLLTTLVPAYYYWKIRGVPHVSLLTVLKRMIMKDKPYFDL

VISDHNKFAGKRYYGSYMSVMPALFIRDLDLIKKILIKDFEHFTNRLDILNASSDPI

FRNNLLVAKGKKWKALRSTISPVFTTAKMKAMYVLIAEEAKKFVVYYNSMNQD

VIEVEMKEMYSKFTNDVIASCSFGVQIDSLKDPKNDMFLAGKVITQTTPFNVAWI

LISMLFPKLLKHLKVNIFPKQITQYFKNMISATIRSREEGKITRPDLIQLLVEAKKG

KLKRENTPQAEETGFATVRESTDLQVDSSLEITDEIIVAQAIIFFLAGFEASSSLLSC

LSYELALNPKIQQKLIEEIDEHLASSDIITYEMITKMKYLDQVVSEALRKWPTAFL

QLRICTKDYVIKPEEELEVPLKVSKGSLVVIPIIGTHYDERYFENPDAFIPERFSDGE

NIVPQSFAPFGIGPRNCVGSRFALLEMKCILANILSKFEMHITKKTNIPFKKLNTIPF

AIDGGITLALKKRKNTSR*  

 

>CYP9Y3v1  

McKenna_34157 

sequence revised 4/5/12 

54% identical to CYP9Y1 T. castaneum 

49% identical to CYP9D5 T. castaneum 

78% identical to McKenna_38109 

MIFTVFVLILIVYVANRVIPPIYYWKKRNIIYVNPLFRVYQVFFGIKSFAEIVQEAY

NEYPDKRYYGSYQFLKPSLFVRDLDLIKQITIKDFDHFTDHVDILNSNNDPIFSKN

LFSLKGREWRELRSTLSPAFTSSKMKAMFVLISEASKKFVEHFEAKKEEIIEVEMK

ETYSKFTNDVIATCAFGINCDTLENPENEFFTMGKAVTRSTFLRMMRALVRMLFP

TIFEVLKIPTFPKDVTNFFKKIITDTLTTREKEGTIRPDLIHLLMEARKGKLQQETSQ

VTEDTGFATALEVKDTKIKSDLEISDDLITAQALIFFLAGLETSSALLSFLSYELAK

NPDIQQKLISEIDDNLSSSEASISYEKLAKMKYLDQVVSEALRKWTPGFGLNRICT

KEYTIPPIKEGEIPLTLSKGCFITILVIGIHYDPQFFENPEVFDPERFNDENKKKIVPG

SFIPFGSGPRNCI 

 

>CYP9Y3v2  

McKenna_67139 

sequence revised 4/5/12 

1-amino acid difference from McKenna_34157 

YYGSYQFLKPSLFVRDLDLIKQITIKDFDHFTDHVDILNSNNDPIFSKNLFSLKGKE

WRELRSTLSPAFTSSKMKAMFVLISEASKKFVEHFEAKKEEIIEVEMKETYSKFTN

DVIATCAFGINCDTLENPENEFFTMGKAVTRSTFLRMMRALVRMLFPTIFEVLKIP

TFPKDVTNFFKKIITDTLTTREKEGTIRPDLIHLLMEARKGKLQQETSQVTEDTGF 

 

>CYP9Y4  

McKenna_38109 

sequence revised 4/5/12 

78% identical to McKenna_34157 

56% identical to CYP9Y1 T. castaneum 

YFGSYQLFNPCLVVKDVDLIKQITIKDFDHFTDHVDLMNTDHDSLFSKNLFFLKG

KQWR  

EMRNTLSPAFTSSKMKAMFVLISEASKKFVQHFEAKNDEIIEVEMKDAYSKFTTD

VIATCAFGINCDTLENPENEFFTMGKAVIRSNFWMIIKAFLRTIFPRVFGFFRIPILP
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VEVTNFFKMIISDTIKSREKEGTIRPDLIHLLMEARKGKLQQETSSQSTEDTGFATA

QEIRDSKPNSDLEITDDLITAQAILFFLAGLDTSSSLLSLLSYELAKNPDIQQKLISE

VDDNLSSSEDFISYEKLAKMKYLDQVVSEALRKWTPGFVLDRLCTKDYSIPPVK

EDEVPLTISKGCYVHIPVIGLHYNPQFFENPDVFDPERFNDENKKKIAPGTYIPFGS

GPRNCI  

 

>CYP9BA1v1 

McKenna_68213 

44% identical to CYP9Z2 T. castaneum 

MLLVLIVIGTIFFYFFIIKPGNYWKERHVPTGKIIPIFGEHYLNILGKDCSTEFAQRI  

YNNVPDARYLGIYLFQTPVLVLRSPDLIKDICVKNFNNVLDRRNIPPDCDELLVSK

NLMGQQWKEFRHLLSPSFSSSKMKAIYVLLCDNASKIVQYLMDKHENLIEEEVK

DTFTRYTNDAIANTIYGLEINSFTERKNEFFMMGKKVTDFSAPWKIFVVLLYTLA

PKIAKVRIKFKVALYGKKTADFYTDLCKRIIELREEKNIERPDVLGLLIEARNKFE

KSKSCNEESEGVTYYSTSETPNEKVLEKYLSYEEIAAHIFLFKLGGYDTSSSAMCY

MAYELAIHPEIQKKLIAEIDQIKSEIATPSYEAIMNMTYLDMVVSETLRMWPSLAL

TDRLVTTSFTIAAEQPGEKPLQMKEKDLIIIPIFGIHRDPKYYENPDRFDPERFSPEN

RKNITPYTYMPFGVGPRNCIGMRLALLEIKVLFFYLLSHFEIVATERTKVPLRLKR

TMVTSTADDDFPLAFKKRGSKI* 

 

>CYP9BA fragment  

McKenna_60215  

83% identical to CYP9BA1v1 McKenna_68213 N-terminus 

MIAIVIAIGTILFYFFIIKPRNYWKERHIPTGKITPIFGEHYRNILGKDCSTEFVQRIY

NKVPEGR  

 

>CYP9BA1v2 or end of CYP9BA3  

McKenna_91842 

96% identical to McKenna_68213 

41% identical to CYP9Z6 T. castaneum 

exons 4–5 runs off the contig end 

KFKVALYGKKTADFYTDLCKRIIELREEKNIERPDVLGLLIEARKKFEKSKTCNEE

SEGVTYYSTSETPNEKVLEKYLSYEEIAAHLFLFKLGGYDTSSSAMCYMAYELA

KHPEIQKKLIAEIDQIKSEITTPSYEAIMNMTYLDMVVSETLRMWPSLALTDRLVT

APFTIAAEQPGEKPLQMK 

 

>CYP9BA2v1  

McKenna_30031a 

Length = 4101 (2 sequences) 

revised DRN 4/7/12 

2 genes 

end of 1 gene 

98% identical to McKenna_131727 

61% identical to CYP9Z4 T. castaneum 
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ETLRKWPSIAHTDRVVSTPFTIETELPEEKALHMREKSKIMIPIFGIHRDPKYYEEP

DRFDPQRFSPENRKNINPYTYMPFGVGPRNCIGMRLALLEVKVLFFYLLSHFEIV

KTEKTEIPLKLKRTVVTLTAENGFPLAFRRRHFVKK* 

 

>CYP9BA3 

McKenna_30031b 

Length = 4101 (2 sequences) 

revised DRN 4/7/12 

2 genes 

beginning of a second gene 

97% identical to McKenna_68213 

44% identical to CYP9Z4 T. castaneum 

MLLVLIVIGTIFFYFFIIRPGKYWKERHVPTGKIIPIFGEHYLNILGKDCSTEFAQRIY

NNVPDARYLGIYLFQTPVLVLRSPDLIKDICVKNFNNVLDRRNIPPDCDELLVSKN

LMGQQWKEFRHLLSPSFSSSKMKAIYVLLCDNASKIVQYLMDKDENLIEEEVKD

TFTRYTNDAIANTIYGLEINSFTERKNEFFVMGKKVTDFSAPWKMFVVLLYTLAP

KIAKVRI 

 

>CYP9BA2v2 or end of CYP9BA3 

McKenna_131727 

revised DRN 4/9/12 

98% identical to McKenna_30031a probable allele 

61% identical to CYP9Z4 T. castaneum 

ETLRKWPSIAHTDRVVSTPFTIEAELPEEKALHMREKSKIMIPIFGIHRDPKYYEEP

DRFDPERFSPENRKNINPYTYMPFGVGPRNCIGMRLALLEVKVLFFYLLSHFEIVK

TEKTEIPLKLKRTVVTLTAENGFPLAFRRRHFVKK* 

 

>CYP9BA4 Query 

McKenna_32781 

revised DRN 4/7/12 

94% identical to McKenna_44095 

62% identical to CYP9BA1 McKenna_68213 

41% identical to CYP9Z2 T. castaneum 

YAGIYLFQTPVLVLKSPELIKEICVKNFNNVLNRQALTPDCSEPLMSKNLLALKG

QHWKDIRHLLSPSFTISKIKAIHVLLCDNASKTMQYFHDKDEELIEVEVKDTFTRF

TNDVLANTIFGLEINSFKDNQNEFYMMGKDASDFSKPWKIFVILLHHISSKLARTL

KVELYGQETTDFYTNIVKQTIKIREEKNIQRNDVLGNMMEERKKLRTDTNCNENI

NEKSDEKSVETSLSDEDIAAHLFLYMLGGYDTTSTAICFMAYELAINPDIQKKLIE

EIDGVGTENGMPSYEDISNMVYMDMVLS 

 

>CYP9BA5  

McKenna_44095 

revised DRN 4/7/12 

94% identical to McKenna_32781 

42% identical to CYP9Z1 T. castaneum 
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TLKIELYGQQTTDFYTNIVKQTIKIREEKNIQRNDVLGNMMEERKKLRTDTNCNE

NINEKSDEKCVETSLSDEDIAAHLFLYMLGGYDTTSTAICFMAYELAINPHIQKKL

IEEIDGISTENGTPSYEDISNMMYMDMVLS 

 

>CYP9BB1  

McKenna_100427 

revised DRN 4/2/12 

48% identical to CYP9Z4 T. castaneum 

58% identical to C-term part of McKenna_20898 

LMHVCSKNFVKYLKEKPEELIELELKDVFTRYTNDIIASTAFGIQCDSLKERGNEF

YMNGRRVTNLSGVIRNLKFLIVFIFPKLSKLVKATFFDEEVASFFRGVVRDTLKY

RTNNKIDRPDLLQLLMQAKKNIQKEADGKNIERTDSSVVEDFTVSKRGKLDLSL

DDITSQALIFFFAGFETVAAVMCFVAYELAVNPNIQTRLIEELDEFRASNEKFSYD

SLTKLPYLDMILSETLRKWPVMISTDRKCNKPYMIKAELDEETSLQLNGGEIISIPI

YALHRDEKYWENPDNFDPERFSTENKHKIDPYTYIPFGTGPRNCIGSRFAISEVKV

IFFELLNQFEIVPTKKSCIPLVLDRKSFSLNSSTGFWFGLKKRRC* 

 

>CYP9BC1 

McKenna_114665 

revised DRN 4/9/12  

41% identical to CYP9Z5 T. castaneum, most similar to CYP9Zs 

IVSESLEKENINKHRSSLMDSIHKLKQEEQSENLDGDIKRAKIDLNEDEIVSQLCM

FLFSSIDGLLPTLIFITYELAINPNVQQKLRNEMDQIRVEGELPEFHTIMGLQYLNM

VISETMRKWPSVTMTDRLCTKPYTIEPVLPEEKPLHLDIGDCVAVPLYALHHDPQ

YFPEPDTFDPERFADGNRHKIKPFTYLPWGIGPRNCNAQKLSLLILKVFFFQLLEH

LEVIPIDETVIPIELQKGVIKVEPKCDIRLGLRKREDL* 

 

>CYP9BD1P  

McKenna_94145  

DRN 4/1/12 (−) strand 

revised DRN 4/1/12 

pseudogene, 47% identical to CYP9Z4 T. castaneum 

46% identical to McKenna_20898 

ETLRKWPPLLNMDRMCVEPYTIKPEKPGEETVHLEESTLIWIPIWAIHHDPEHWP

NPEVFDPEKFRDNTRTPNGFIPFGLGNRGCLGFRFATMEIKLLFIHLLTSFKIERSS 

KSQVPF VPVVHSFSLTSEDGFCFKLVKRQKPN 

 

>CYP9BE1 Query 

McKenna_50287 

revised DRN 4/4/12 

54% identical to CYP9Z6 T. castaneum 

92% identical to McKenna_9307 

77% identical to McKenna_120940 

77% identical to McKenna_118374 

ILKIPIISKKVQDFFINLVKDTLRMREENNIKRPDVLGLLLDARKGQLDIKEDQEEE

DGG FAVVKEQLEMKTLNCELTDLDIAAQAFIFFLAGFEGVATLICQTVYELAIN 
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PDVQKKLIDEIDENWPEDDKPSYNKVMNMTYLDMVVSEALRKWPNGIQTDRVV

TKKYTIEPELPGEKPLTLEEGSILLIPILGMHHDPKYFPNPEKFDPERFSAENKNNI

DPYTYMPFGIGPRNCIGSRFALMEVKALLFYLFRHFKVVPIEKTEIPIKFNKNAFG

FIPENGYQLGLKKRTMEK*  

 

>CYP9BE2  

McKenna_20898 

revised DRN 4/7/12 

runs off the end of the contig 

57% identical to CYP9Z4 T. castaneum 

59% identical to McKenna_50287 

56% identical to CYP9BA1v1 McKenna_68213 

54% identical to CYP9BB1 McKenna_100427 

 

EAGFAVVEEHLEVNEIKPQDLTDTDIASQVFIFFFGGFETVSTAMCFMAHELASSP

DVQAKLIEEIDESVRKNGEPTYESIANMIYLDMVVCETLRKWPVNIATDRMVTKP 

YTINPEEPGEKPVHLEVGDVAIIPIIALHYDPKYYENPEKFDPERFSPENRKNIDPY

AYIPFGVGPRNCIGSRFALLELKAVFFHILRHFEIVPVEKTNIPIKLSTKSINLSSEN

DYPLGLKKREISKN*  

 

>CYP9BE3 Query 

McKenna_109359 

revised DRN 4/9/12 

40% identical to CYP9Z2 T. castaneum 

64% identical to CYP9BE1 McKenna_50287 

possible pseudogene since heme region exon does not end in phase 1 

ILKIPIIAKYPQDIFINLVKDTIKTREKQNIKLPDFLGLLLDARKEKVRAKEQHGRN

DSGAVIKEESEQKNSNCQLTDVDITAQVFVYFLAGFEAVATQICLTILELAIHSDV 

QNRLIDEIYRNWPEDREPNYNEVINMPYLDMVVS  

 

>CYP9BE4v1  

McKenna_9307 

revised DRN 4/4/12 

59% identical to CYP9Z4 T. castaneum 

96% identical to McKenna_121348 

93% identical to McKenna_50287 

81% identical to McKenna_120940 

81% identical to McKenna_118374 

63% identical to CYP9Z6 T. castaneum 

EALRKWPNAILTDRVVTKEYTIEPELPGEKPLTLKEGSILVIPILGMHYDPKYFPNP

EKFDPERFSPENKHNIDPYTYMPFGIGPRNCIGSRFALMEVKALLFYLFRHFEV 

VPIEKTEIPIKFNKNAFGFIPENGYHLGLKKRAMEK* 

 

>CYP9BE4v2  

McKenna_121348 

revised DRN 4/4/12 
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65% identical to CYP9Z5 T. castaneum runs off the end of the contig 

96% identical to McKenna_9307 

EALRKWPNGILTDRVVTKEYTIEPELPGEKPLTLKEGSILLIPILGMHFDPKYFPNP

EKFDPERFSPENKHNIDPYTY 

 

>CYP9BE5v1  

McKenna_120940 

revised DRN 4/4/12 

59% identical to CYP9Z6 T. castaneum 

ESLRKWPNGILTDRIVTKEYTIQPELPGEKPVTLKEGTILMISILGLHNDPKYFPNP

EKFDPERFSPENKSNIHPYTYIPFGIGPRNCIGSRFALLEIKALLFYFFRHFEVVPIEK

TDIPPKFNKNTAGFIPINGFHVGFKRRRLN* 

 

>CYP9BE5v2  

McKenna_118374 

revised DRN 4/4/12 

57% identical to CYP9Z5 T. castaneum 

63% identical to CYP9Z18 Dendroctonus valens 

96% identical to McKenna_120940 

ESLRKWPNGILTDRIVTKEYTIHPELPGEKPVTLKEGTVLMISILGLHNDPKYFPNP

EKFDPERFSPENKSNIHPYTYIPFGIGPRNCIGSRFALLEIKALLFYLFRHFEVVPIET

TDIPPKFNKNAAGFIPINGFHVGFKRRRLN* 

 

>CYP9BE6v1  

McKenna_24087 

revised DRN 4/9/12  

97% identical to McKenna_114066 

62% identical to McKenna_9307 

52% identical to CYP9Z4 T. castaneum 

EGLRMWPFLTIIDRVSTKKYTIQPEKPDELPLTLEPGSLILIPIIGLHYDPKNYEHPE

KFDPERFSAENKKTINPYAYLPFGVGPRLCLGNRFALMEMKIILFKMLCNFEIVPI

QKTEVCLKLNKQALGLTPINGYHLGLKKRNKHTY* 

 

>CYP9BE6v2  

McKenna_114066 

revised DRN 4/9/12  

97% identical to McKenna_24087 

EGLRMWPFLTIIDRVSTKKYTIQPEEPDEQPLTLEPGSLILIPIIGLHYDPKNYEHPE

KFDPERFSAENKKTINPYAYLPFGVGPRLCLGNRFALMEMKIILFKMLCNFEIVPI

QRTEVCLKLNKQALGLTPINGYHLGLKKRNKHTY* 

 

>CYP9BE7P Query 

McKenna_108449 

revised DRN 4/9/12 

42% identical to CYP9Z4 T. castaneum 

41% identical to McKenna_50287 
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53% identical to CYP9BE2 McKenna_20898 

43% identical to CYP9BE1  

possible pseudogene because the heme region exon does not end in phase 1 

TLGLSLFPPRAREFFLNIVKDTMKKRKEEHLKRDDMIGLLIELRNAQLKAREEAG

PKAKPQKLMTVQEMASYIFVMYFGVIDSVTTVLAFLAWELAMAPEIQERLRREC

DSLASSTNEATHQDIQGLKYLDMVLCEVLRKWPGAIATDRLVTKSYTIEPELPHE

KPVHLKEGDNIMIPIYALHRDAKYFPEPEKFDPERFSPQRKHEMNSNAYIPFGIGP

R*CL 

 

>CYP9BF1  

McKenna_83602 

revised DRN 4/9/12  

48% identical to CYP9Z4 T. castaneum 

CFMAYELAVNPDMQKKLLEEIDTLRRKTEQINYEDLIELSYLHMIISETMRKYPPF

CRNDRRCTKSLTIKNEEYPEKSFTIEAGHDIWFPIYALHHDSQYWPEPEKFIPERFS

PENKKNIKPGTYLPFGIGPRGCMGYRFVLQTVKILFYELLSEFEIIPVAKTAIPCQL

SKNTSHVIPGKGFWFGFKRREQSI* 

 

>CYP9BG1v1  

McKenna_87030 

revised DRN 4/9/12  

41% identical to CYP9Z4 T. castaneum 

ETLRKWPPCYFTERCCNETWIIKKRWANERNAWLLDGDAVWIPIWAIHRDPKH

WWQPEVFDPERFSPNSHKTIEPGTFIPFGVGPRTCLGDKYSLSQIKIVVSEILALFE

VVPTNKTPKTIELNHRTLNLSPKDGLWLGLKKRFM* 

 

>CYP9BG1v2  

McKenna_59660  

revised DRN 4/9/12  

42% identical to CYP9Z1 T. castaneum 

44% identical to McKenna_100427 

98% identical to McKenna_87030 

ETLRKWPPCYFTERCCNETWIIKKRWANERNAWLLDGDAVWIPIWAIHRDPKH  

WWQPEVFDPERFSPNSRKTIEPGTFIPFGVGPRTCLGDKYSLSQIKIVVSEILALFE

VVPTNRTPKTIELNHRTLNLSPKDGLWLGLKKRFM* 

 

There are at least 6 C-helix regions in this set and 6 exon 1 N-termini 

There are no C-termini here, and thus, they must be identified as some other sequence 

group. 

 

>CYP9 fragment 1  

McKenna_43434 

revised DRN 4/8/12 

43% identical to CYP9Z4 T. castaneum N-terminus exons 1–3 

43% identical to CYP9BA3 McKenna_30031b 
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MLLVYTVLCLLLYILVIKPYLYWSNKNVPFRFSIPLFGEGIYMIMGKENMSDTIKR

MYNKIDVVRYLGVFQFMQPVLIVKSTELIKQICVKDFDHFLNHKVLLPDGVEELL

SKNLLQLKDQTWKNMRATLSPSFTTSKMKSMFTLISQNADAFAKYFKEKNDGIV

EVEFKDAFTRYTNDVIASAAFGLQVDSLTDRENDFYVLGREMSDFSTFWKKFVF

FFFQISPTIAR 

 

>CYP9 fragment  

McKenna_44011  

95% identical to CYP9 fragment 1 McKenna_43434 

MLLVYTVLCLLLYILVIKPYTYWSNKNVPFRFSIPLFGEGIYMIMGKENMSDSIKR

MYNKISDVRYLGVFQFMQPILIVKSTELIKQICVKDFDHFLNHKVLLPDGVEELLS

KNLLQLK 

 

>CYP9 fragment  

McKenna_58513  

43% identical to CYP9Z6 sequence34, XP_972794.1 N-terminus 

37% identical to CYP9 fragment 1 McKenna_43434 

MSNVPVAVSIIFSTLILYYYNYTYWRRNRVKQRFPQVPIFGDNYRHFFGKSPYHK

VLEALYWKFPTARYTGFYQYMQPGLMIRDMKLVRKVCVEDFDTFKDRKSFLPR

SADPLWNKNLFALQGDKWRQMRNTLSYSFTANNMGVMRSSLPLWS runs off the 

contig 

 

>CYP9 fragment 2 Query 

McKenna_128566 

revised DRN 4/5/12 

63% identical to McKenna_27215 

45% identical to CYP9V1 Leptinotarsa decemlineata N-term 

MFVVFLLLSVLMMLVYFMVIKPFQYWKKKNVKTGVIIPLFGDNFRVVFGLEGIID

QARRIYNSFPNERYQFSRPVLVIRNPDLIKKFCVKDFEYFFNRRFATE 

 

>CYP9 fragment 3  

McKenna_101612  

45% identical to CYP9Z2 T. castaneum, exons 1–2 

43% identical to McKenna_27215 

MFWLFSILILLILWYYYERSTFNFWSEKGVKQKIPRSILSDILGSVFQTTAVCDMIK

GIYDSFDDVRYVGFYQFLQPILMIKDPKLIKQICVKDFEYFLDRRPFVAEDVDPL

WGKNLVALS  

 

>CYP9 fragment 4  

McKenna_73464 

revised DRN 4/9/12  

38% identical to CYP9Z5 T. castaneum N-terminus 

MFWLLFCAVLLVVFVFLKKKYTYWKEKGVVQDLAVPVFGLNWKLLTHQASNI

EIFQYLYDKHKKER  
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>CYP9 fragment 5  

McKenna_54994 

revised DRN 4/9/12  

47% identical to CYP9V1 Leptinotarsa decemlineata N-terminus 

85% identical to McKenna_27215 

MIAFILLSILITLVYFLAIKPFNYWKERNVKTGRVIPVFGDNFGVIFGLESFIDQTRR

MYNTLPNER 

 

>CYP9 fragment 6v1  

McKenna_27215 

revised DRN 4/5/12 

98% identical to McKenna_39779 

63% identical to McKenna_132274 

44% identical to CYP9V1 Leptinotarsa decemlineata, exons 1–2 

MIAFILLLSILIILVYFLAIKPFNYWKERGVKTERVIPVFGDNFGVMFGLESFIDQT

KRMYNTLPNERYYGLYQFSLPTLVIRTPDLIKKLCVKDFEYFLNRRNLTPEGCDV

LFSKNLINLK 

 

>CYP9 fragment 6v2  

McKenna_39779 

revised DRN 4/5/12 

exon 2 

100% identical to McKenna_27215 

55% identical to CYP9Z1, exon 2 

YYGLYQFSLPTLVIRTPDLIKKLCVKDFEYFLNRRNLTPEGCDVLFSKNLINLK  

 

>CYP9 fragment 7  

McKenna_71298 

revised DRN 4/9/12  

41% identical to CYP9V1 Leptinotarsa decemlineata 

50% identical to McKenna_27215, exons 1–2 

runs off the contig end 

ILFFGENFWVLLSLESLTEQVHRIYNLFSNERYFGVYFFTTPLLVVKSPDLIKELCV

KNFDHFVNRMTLVPDHADDLFTRNSVSIK  

 

>CYP9 fragment 8  

McKenna_22233 

revised DRN 4/9/12  

57% identical to CYP9Z6 T. castaneum, exon 2 

77% identical to McKenna_27215 

77% identical to McKenna_39779 

YYGLYQFFNPALVIRTPDIIKKCCVKDFDHFLNRRNFAAEGADVLFSKNLLNLK  

 

>CYP9 fragment  

McKenna_133538  

90% identical to CYP9 fragment 8 McKenna_22233 
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YYGLYQFFMPALVIRTPDIIKKLCVKDFDYFLNRRNFAAEGSDVLFSKNLINLK 

 

>CYP9 fragment  

McKenna_62451 

88% identical to CYP9 fragment 8 McKenna_22233 

94% identical to contig_133538 

exon 2  

YYGLYQFFLPALVIRTPDIIKKLCVKDFEYFLNRRNFAAEGTDVLFSKNLINLK  

 

>CYP9 fragment 9  

McKenna_6103 

revised DRN 4/7/12 

42% identical to CYP9Z1 T. castaneum amino acids 68–288 

41% identical to CYP9Y3v1 

47% identical to McKenna_23880 

runs off the end of the contig, exons 2–4 

YIGVYDFLTPIVIIKDPDLLQEVLIKKFEHFTDHRPTIPSDVDPLWNKNVANLKGN

KWKEMRSSLSPSFTSNKMRVMFVLMEQCAKNFVQYFLLKNEEIVETEIRESFSRY

ISDVIASTCFGYQCNSMTNPDNEFYVKGLQASYDMSFWRHVKSSLLRVFPWMSK

VIKVTRFGDDCTRFFRDIIKENVEFRDKNKVKRPDMITLLMEARNEPTSNEDKDN

NDSSFLIYELNASASKKKIDLTVDDIAANAMVFFFAGFSTTTSLLCFMAYELAQ  

 

>CYP9 fragment 10  

McKenna_87274 

revised DRN 4/9/12 

58% identical to McKenna_23880 

53% identical to CYP9Y3v2 

44% identical to CYP9AC1 T. castaneum, exon 3 

GQIWRDTRSTLSPTFTSSKMKAMFMLICYNAKLFTDYFLEKEEDNIEVELKGILH

RYTCGVMTSTLLGIQVNFMKDINHFFFELGADFGSLRMKISSFLYQISPRIAS  

 

>CYP9 fragment 11v1 

McKenna_72064 

revised DRN 4/9/12  

95% identical to McKenna_23880 

54% identical to CYP9Z4 T. castaneum, exon 3 

GQSWKDMRSTLSPTFTSSKMKSMFVLICQNANLFTEHFLEKKEDLIEVEFKDSIC

RFTSDVIASCAFGLQVDSLKDRNNTFFKMGRESLDFTSIRLKIAFCLYQVSPKLAS 

 

>CYP9 fragment 11v2  

McKenna_23880 

revised DRN 4/9/12  

95% identical to McKenna_72064 

75% identical to McKenna_26312 

54% identical to CYP9Z4 T. castaneum C-helix region, exon 3 
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GQSWKDMRSTLSPTFTSSKMKSMFVLICHNAKLFTEHFLEKKEDLIEVEFKDSIC

RFTSDVIASSAFGLQVDSLKDRNNTFFKMGRESLDFTSIRLKIAFCLFQLSPKLAS 

 

>CYP9 fragment  

McKenna_111718  

88% identical to CYP9 fragment 11v1 = McKenna_72064 

C-helix (2-amino acid difference) 

GQSWKNMRTTLSPTFTS runs off the contig  

 

>CYP9 fragment 12  

McKenna_26312 

revised DRN 4/9/12  

49% identical to CYP9Z1 T. castaneum 

51% identical to CYP9AC1 T. castaneum 

74% identical to McKenna_23880 

55% identical to McKenna_43434, exon 3 

GQSWKNMRSTLSPTFTGSKMKAMFELVCQNAKLFTDYFLEKNEDITEIELKDSV

QR FTSDVIANAAFGIQVDSLKDRKNTFFMMGRDGLNFNNIRIKIAFILYQLSPKL 

AS  

 

>CYP9 fragment 13  

McKenna_134640 

42% identical to CYP9AS3 Linepithema humile I-helix up to EXXR 

52% identical to CYP9AZ1 Dendroctonus, exon 4 

IFKAHIFDKEVSRYFRSLIWGIIDRREENDIERADMLQLLVRRIPETHFDNDDITSQ

ALVFFLGGFETVSSALCFMAYELALNPDIQERLYKEINDFRETHKREITYEDTKG

MRYLEMVFN  

 

>CYP9 fragment 14v1  

McKenna_125545 

revised DRN 4/9/12  

37% identical to CYP9Z2 T. castaneum 

36% identical to CYP9BA4 McKenna_32781 

95% identical to McKenna_92383, exons 3–4  

GEEWKNVRSTMSPVYTSSKMKVFFNQISHNADKLVDYIMKNDQIILEVELKDLL

SRFSNDVIARNIYGVEIDSLKDRNNIFYEMAKNGTHICGYRKKYSILFYQLAPRIS 

AFLRLPLAEKEVQSFFVKLIEDTIAIRKTQNITQPDLVGKLIQSTEANEVKTITTKD

GSVVKEKNWRTEEIKNDLSVTDMAALTFFAFNAGFEAISNVLCFVAHQLALNPDI

QKRLIDEIDENFADNEMPSYGKLLNMSYLDMVIS 

 

>CYP9 fragment 14v2  

McKenna_92383 

revised DRN 4/9/12  

95% identical to McKenna_125545 possible allele 

42% identical to McKenna_50287 

35% identical to CYP9A20 Bombyx mori, exon 4 
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FFRLPLAEKEVQSFFVKLIKDTISIRKAQNITQPDLVGKLIQSTEANEVKTITTKDG

SVVKEKNLRTEEIKNDLSVTDMAALTFFAFNAGFEAISNVLCFVAHQLALNPDIQ

KRLIDEINENFTDNEMPSYGKLLNMSYLDMVIS 

 

>CYP345D4 Query 

McKenna_132274 

revised DRN 4/9/12 

49% identical to McKenna_123923 

48% identical to CYP345D2 T. castaneum N-term (identity will increase with full length) 

47% identical to McKenna_73770  

MIWLILLVTIFMLFYIYTYRSFKYWEIRNVYYEKPVPIFGNFYDVAVRKKHMGD 

VLKEIHLKLDDNVPYFGVYIFHAPNLVVRTKEMIKEVLIKNFTSFPNRMDYTNEV

VDPLSSYDLFSMKEDLWKFTRTKLSPAFSSGKIKMMGPLMKEVTDQLENLLESS

NGQQVDVRDLAKRYLVDIISTCAFGINAESLKDQNSKIKVMANQMLDQRGFVRS

FAVFAWFFCPLLVDIFRLPFVEK  

 

>CYP345D fragment  

McKenna_84502  

94% identical to CYP345D4 McKenna_132274 

runs off the contig 

MIWLILVVTILILFYIYTYRSFKYWETRNVYYEKPVPIFGNFYDVAIRKRHMGDVL

KEIHLKLDDNVPYFGVYIFHAPNLVVRTKEMIKEVLIKKFSSFPNRMDYTNEVVD 

PLSSYDLFSMKEDLWKFTRTKLSPAFSS 

 

>CYP345D5  

McKenna_73770 

revised DRN 4/8/12  

47% identical to CYP345D4 McKenna_132274 

40% identical to CYP345D3 T. castaneum 

42% identical to CYP345K1 McKenna_44351 

41% identical to McKenna_123923 

MIWIVLISLCLLLFYYRTVRTFSYWKLKKVPFRRPLPIFGNIMKVALGQQQVGTAI

REIYDSFNENVPYFGMYILHKPFLVIRSKELAKKILIKDFNTFQNRPLYHNKEIDP

MASNALFIMRGEEWKGLRNKLSPIYTSGKMKKMMPLITKIADQMELYVDTLTD

GQEIDVRDLANRYSLDVICSCAFGINSNSLIQKDNEIKNTANKMLDLRSIKRSFAI

GSYFFCPLMVELFKLTFLDKESSDYFVDIFKTSFEQRKNSKEKRNDLIDLMYKIKL

SESEEDTFKFGKKYL 

 

>CYP345D6  

McKenna_123923 

revised DRN 4/9/12  

43% identical to CYP345D3 T. castaneum 

49% identical to CYP345D4 

MMLSLILFIVAASLIYLYVKRSLSYWEKKNVYAEQPYPLFGNLLNVAFRGESMM

NIIKRINNGLSDKHKYFGFYLFHKPVLIVTDKELIKEVLIKDFNTFANRANYTNEK

VDPIASNNLFSLRDQVWRTVRNKLSPVFTSGKMKLMMPLMTEISDNLEDVLNNT
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HNTNIDVKDITKRYAIDITTSCAFGFDSESLKDASSEVKLMSDKLLNPTSFISRFG

MFCWVLCPFLVDIFRVPFVDREASRYFINLFKQSEDERIKKNIQRNDFVDLMIEM

TKQE 

 

>CYP345K1v1  

McKenna_44351 

Sequence revised 4/5/12 

44% identical to CYP345D3 T. castaneum 

MIWLVFVFLFLVLLYIYSIPNLWKNKNIDFVPPFPVVGNFLNTILRTEGIGEIIKKN

YDGYDSSTPYFGMYFFRTPFLVIKSRELVKTVLVKDFSHFPNRPTYADEYIDPWS

TKTLLTLRNEEWRSLRNKLSTVFTSGKMKMMIHLMKEVSDQMEEYLEERKSED

VDVRELSRRFFINIITKCVFGIKPNNLKDDNSYIRNLASRLIDIENYKWIFSLLLYFT

FPIIVKLCGLQFVDKEAADYLVKVFEDSYKERKKTKMVTNDLVDLLHNLKEQEK

EDDTFKFDDMKLAAQALVFFQAGSEPASSTLSFCLYELALNKEVQDTLREEIHQN

IDADGFLSYEVLMGLTYLDLVLKEALRKYPLVQVLVRLVEKEYTFEKTGLKVEK

GVSVVIPMLALHYDPKYYPDPEKFDPERFRGEKFRKLDYVYLPFGDGPRKCIGY

RFAVMSLKIALAMFIKSFEVLPCTKTEIPLEFNKTSFFISPKSSSIVLRVNAVDKYK

KD*  

 

>CYP345K1v2 

McKenna_101506  

revised DRN 4/2/12 

48% identical to CYP345D1 T. castaneum 

1-amino acid difference from McKenna_44351 

DDMKLAAQALVFFQAGSEPASSTLSFCLYELALNKEVQDTLREEIHQNIDADGFL

SYEVLMGLTYLDLVLKEALRKYPLVQVLVRLVEKEYTFEETGLKVEKGVSVVIP

MLALHYDPKYYPDPEKFDPERFRGEKFRKLDYVYLPFGDGPRKCIGYRFAVMSL

KIALAMFIKSFEVLPCTKTEIPLEFNKTSFFISPKSSSIVLRVNAVDKYKKD* 

 

>CYP345K2  

McKenna_32234 

revised DRN 4/9/12  

48% identical to CYP345D2 T. castaneum 

59% identical to 345K1v2 McKenna_101506 

58% identical to CYP345K1v1 

NMDSEGNITYEALFEMTYLDLVIKETLRKYPLTHLLMRYPETDYTFEETGLHLEK

GTPVLLSMTSLHFDQRYFPDPDKFDPERFRGEKAKDLQYVYMPFGEGPRKCIGD

RFALLSMKIAVFMFLKKFEITPCNKTEVPVKQSKTAFFIIPDSGSIFLNVRKIE* 

 

>CYP345K3v1  

McKenna_71905 

revised DRN 4/9/12  

54% identical to CYP345K1v1 McKenna_44351 

53% identical to CYP345K2 

47% identical to CYP345D3 T. castaneum 

98% identical to McKenna_11046 
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59% identical to McKenna_53591 

DEIKMSAQAMAFFNAGTDTTSILLTLCLYEMAMNLHIQEKLRNEIRDSIDPTGSIS

YETLLSMEYLDLVTKETLRKYPFLQLLQRYCVKDHTFETGLTIKKGQRVLIPTLA

LHHDPKYYPNPEEFNPERFRGDRIKDLQYVFLPFGEGPRKCIGEKFGLISFKLGLS

MILKNFEVLPGPQTEIPLKFEKAAFFTTPESAEIMLTIRRVD* 

 

>CYP345K3v2  

McKenna_110460 

revised DRN 4/9/12 

55% identical to McKenna_101506 

49% identical to CYP345D2 T. castaneum 

DEIKMSAQAMAFFNAGTDTTSILLTLCLYEMANLHIQEKLRNEIRDSIDPTGSISY

ETLLSMEYLDLVTKETLRKYPFLQLLQRYCVKDHTFETGLTVKKGQRVLIPTLAL

HHDPKYYPNPEE  

 

>CYP345K4v1  

McKenna_53591 

revised DRN 4/9/12  

44% identical to CYP345D3 T. castaneum 

57% identical to CYP345K1v1 McKenna_44351 

53% identical to CYP345K2 

98% identical to McKenna_93915 

ETLRKYPFAQFISRYAEKDHIFESTGLKIEEGTQIIIPTLAIHENPKHYPDPSKFDPE

RFRGDKMKDLQYVYLPFGEGPRKCIGERFAMMAMKLVIVTFLKKFELVPGEKT

DIPLKFVKNGFFTSTKDGCIYLKIKERSQ* 

 

>CYP345K4v2  

McKenna_93915 

revised DRN 4/3/12 

51% identical to CYP345D1 T. castaneum (CYP3 clan) 

98% identical to McKenna_53591 

ETLRKYPFAQFISRYAEKDHIFESTGLKIEEGTQIIIPTLAIHENPKHYPDPSKFDP 

ERFRGDKMKDLQYAYLPFGEGPRKCI 

 

>CYP345 fragment 1  

 McKenna_70825 

revised DRN 4/9/12  

43% identical to CYP345A2 T. castaneum amino acids 172-291 

SGLDVKELSSKFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIYDTRPITSFRFLCYF

FFHSFARIFKMKLFDADVVTFLRRVFWECIELREKNNVRGNDLIDIIVDLRKDNEL

SERIKF  

 

>CYP345 fragment 2  

McKenna_20430 

revised DRN 4/9/12  

47% identical to CYP345A2 T. castaneum 
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GRRFGLIAAKLAILQILKEFELHSTDETPVNLEFSPASTIPQPIQQLKMSFINTDPLF

*  

 

>CYP345 new sequence 

McKenna_63104  

46% identical to CYP345A2 T. castaneum sequence37, XP_970633.1 

MHWFIEVLLLISFLLYLLHLYISRNYDYWQKRNVPFIKPRPFVGNMGEILLQKYN

MSSFFEKLYNDMDAPFFGIFVFSKPALIVKDVKLLKNIFVKDFDHFMDQHYDPVT

AHMLFIEKGEEWKLMRSKISPFFSPSKLKAMFGAIDNLGVSLRRHIDASPNRSGL

DVKELSSKFSVDVIAKCVFGIDAKSLEIEDGEFLRIAHKIFDTRPITSFRFLCYFFFH

SFAKIFRMKLFDADVVTFLRRVFWECIELREKNNVKGNDLIDIIVDLRKDNELSER

IKFDGDKVIAQALLFFVAGFETTGSTIAFTLHALCLNLDIQRKLRENIRDIIKKHGG

KLTMESIENMDYLDNVIKETLRKYSPVPILDRVCTKDYKIPETDIVIEKGIITLVPP

YGFQKDPKYFDNPEEYIPERFESIKEDMFYMPFGHGPRNCIGRRFGLIAVKLAILQ

ILKEFELHSTDETPVNLEFSTASLIPQPIQQLKMSFINTDPLF* 

 

>CYP435A1v1 Query 

McKenna_109920 

revised DRN 4/4/12 

31% identical to CYP9D8 T. castaneum 

VLTFFLTASLMIDQYYRFWNRRGVKQKYTFLFTDDMTMRLLKKQSFGDMLTDI

YYRFSGTRYIGFYQFHKPILLVKDPHLIRNLCITNYRIFRDHTRILPFRCDPFWNKT

IFALKGKKWKKARQQLMPLFNGRNMRNMYETTRSYAYDFTNSLVPIQTKVLEA

DFKELFSKFSTELTARVVYDIHNKSFKNVSTSFYTKLRDSNENFGARRFIRIFLSQ

MCPCIGKLLNVSIFSTDLSIFFSKVTHNIMRHRERFGIEKMDLISLLMNTRNREGR

RDFMRFIGETDPEEVEEDMTEADEDLTEETIVAHAMTFFYAGFDVISTVLSFLFYE

LALNPDIQRRLLKDLDAWRSADNIDPYKSLFGIQYLSMVIS  

 

>CYP435A1v2 Query  

McKenna_51177 

revised DRN 4/4/12 

2-amino acid difference from contig_109920 

VLTFFLTASLMIDQYYRFWNRRGVKQKYTFLFTDDMTMRLLKKQSFGDMLTDI

YYRFSGTRYIGFYQFHKPILLVKDPHLIRNLCITNYRIFRDHTRILPFRCDPFWNKT

IFALKGKKWKKARQQLMPLFNGRNMRNMYETTRSYAYDFTNSLVPIQTKVLEA

DFKELFSKFSTELTARVVYDIHNKSFKNVSTSFYTKLRDSNENFGARRFIRIFLSQ

MCPCIGKLLNVSIFSTDLSIFFSKVTHNIMRHRERFGIEKMDLISLLMNTRNREGR

RDFMRFIGETDPEEVEEDMTEADEDLTEETIVAHAMTFFYAGFDVISTVLSFLFYE

LALNPDIQRRLLKDLDAWRTAGNIDPYKSLFGIQYLSMVIS 

 

>CYP436A1  

McKenna_46973  

revised DRN 4/3/12 

35% identical to CYP9X1 T. castaneum N-term 

MNVFGVSSGFSTSFLLWLVLFVFIYLCCTVVLKPYKYWSSKGVRTAKILPVIGDA

IFAICFSKKPYPKLIQDVYDSVGNSRYIGYSELRTPILMIKSPELIGKLFVRDAENFQ
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DRRVVFLENFDTLMSKTLVHLRGQKWKNIRGTWNMVLTTSKVERMYPLIYKMT

ESFVTSFNNVEENEVKTFNVKTVYRKYICDLSASIYFGIDKDFDIFREKLSNFVNF

NGNSIWTLLSFCVACLAPELSI  

 

>CYP436A2 Query 

McKenna_127722 

revised DRN 4/9/12 

84% identical to McKenna_46973 

32% identical to CYP9V1 Leptinotarsa decemlineata 

MNIFDVLSGFFFLLLLLLSVFIYICCTVDLKPFYYWSSKGVRTANILPVIGDAIFGIC

FSKKPYPKLIQDVYDSAGNSRYIGYSELRTPILMIKSPELIGKLLVRDAENFQDRR

VVFLGNSDTVMSKTLVQLRGQEWKNIRGIWNMVLTTS 

 

CYP4 clan (45 sequences, at least 18 different sequences) 

 

 

>CYP4G79 Query 

McKenna_97615 

revised DRN 4/1/12 

78% identical to CYP4G14 T. castaneum 

Missing first 73 amino acids 

There appears to be only 1 CYP4G gene 

VIFNHMIEKSKEFGKIIRMWIGHKLFVFLMHPDDVELILGSHEHIDKAPEYRFFKP

WLGDGLLISTGPKWRAHRKLIAPAFHLNVLKSFIDLFNTNSLDVVNRLKKTMGK

EIDCHDYMSEATVEILLETAMGVSKKTQDQSGYDYAMAVMKMCDILHLRHTK

MWLYPDVLFNLSKYKSYQDKLINTIHSLTRKVIKSKKAAFAKGIRGSIAEVPENL

KSKSVDNTEVKTVVEGLSFGQSAGLKDDLDVDDDIGEKKRMAFLDLMIEASQSG

VVINDEEIKEQVDTIMFEGHDTTAAGSSFFLCMMGLHTDIQEKVYEELNEIFKGS

DRPATFADTLEMKYLERCLMETLRMYPPVPLIARQLRRDLKLTSEDLTVPAGCT

VIIPTFKIHRDPVTYPNPEKFDPDNFLPERTANRHYYSFIPFSAGPRSCVGRKYAM

LKLKILLSHLLRNFRIVSDVPEAEYKLQADIILKREDGFRIKLEPRKKVAA*  

 

>CYP4Q14  

McKenna_93511 

revised DRN 4/1/12 

53% identical to CYP4Q6 T. castaneum 

48% identical to CYP4BG3 Dendroctonus ponderosae 

GEKWHARRKLLTPTFHFKILQDFLIAFNEETNKFVEKINGCLDDAGVDISKFIDNL

TLQAVGETAMGLELVDEGIMIDYRQNLRKMGKIIIERITKFFYRFDFIYRWTDLA

HEEKVVTQSLHRFSETVIRRRKVMRRGSTIERKRLAMLDLLLQYKEEGADIDDLG

IREEVDTFLFEGHDTTSIALSMLILLLANHKEVQERVIEEIDQVLGKKAKNPTHED

LPKLEYLECCIKETLRLYPSVPSIGRIAGEDFTTTTGYRIPKGTIMLIQIYDLHRDAS

VFPEPEKFNPDRFKPENTMNRNSFAYIPFSAGPRNCIGQKFAMWEIKAVMCGLLQ

HFKLAPIDTPMGIKFYTDLILRTNCPIKVKFIKRQ* 

 

 



 

171 
 

>CYP4Q15  

McKenna_110020 

revised DRN 4/4/12 

65% identical to CYP4Q6 T. castaneum 

EKAVAEILEAIGPDSDLAYSDTQKFPYLERCIKEGLRLYPSVPMISRTAGCDYVTS

TGYRIPAGTTLHLHIFDLHRKPYIYPDPDLFDPDRFLKENCSLRHPFAYIPFSAGPR

NCI 

 

>CYP4Q16  

McKenna_93461 

revised DRN 4/5/12 

87% identical to McKenna_69083 

87% identical to McKenna_73025 

67% identical to CYP4Q7v1 T. castaneum 

NQIVEEINSVLEGEDRHPTYDDLQKMDLLERCIKESLRLYPSVHLISREVEEDTTL

HSGCVVAKGAMVVISIQFVHRNPEIYPDPEKFDPDRFLPENCIRRHPFAYLPFSAG

PRNCI 

 

>CYP4Q17  

McKenna_73025 

revised DRN 4/5/12 

94% identical to McKenna_69083 

87% identical to McKenna_93461 

65% identical to CYP4Q7v1 T. castaneum 

EQIVEELNSILEGEERQPTYEDLQKMDLLERCIKESLRLYPSVHLISRKADEDTTL

HSGCVVAKGATVVIPIIFVHRNPEIYPEPEKFDPDRFLLENCIGRHPFAYLPFSAGP

RNCI 

 

>CYP4Q18  

McKenna_69083 

revised DRN 4/5/12 

94% identical to McKenna_73025 

87% identical to McKenna_93461 

65% identical to CYP4Q7v1 T. castaneum 

EQIVEELNSILEGEERQPTYEDLQKMDLLERCIKESLRLYPSVHLISREADEDTTLH

SGCVVAKGATVLIPIMSVHRNPEIYPHPEKFDPDRFLPENCIGRHPFAYLPFSAGP

RNCI 

 

>CYP4Q19  

McKenna_65850 

revised DRN 4/5/12 

62% identical to McKenna_93461 

65% identical to McKenna_69083 

63% identical to CYP4Q7v1 T. castaneum 
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DNIVDEMMKVMDGRTTSPTYDDLQKMEYMERCIKETLRLYPSVYFISRVADEDT

VLNSGMLVPKGTHVHIHIYDVMRNPEIFPSPDTFDPDRFLPENCQHRHPFAYIPFS

GGPRNCI 

 

>CYP4Q fragment 1  

McKenna_72206 

revised DRN 4/5/12 

last exon  

90% identical to McKenna_77757 

76% identical to McKenna_11720 

59% identical to CYP4Q5 T. castaneum 

GQRFAMMELKVVLSAIIRKFQLVAVDTPDDIELKNESVLRANGIRVKFIPRV* 

 

>CYP4Q fragment 2  

McKenna_77757 

revised DRN 4/5/12 

last exon 

50% identical to CYP4Q9P T. castaneum 

GQRFAMMELKVVLSAIIRKFQLVAVDTPDNLELRIESILRANGIRVKFIPRV* 

 

>CYP4Q fragment 3  

McKenna_11720 

revised DRN 4/5/12 

77% identical to McKenna_77757 

76% identical to McKenna_72206 

52% identical to CYP4Q3 T. castaneum 

GQRFAMMELKAVLSGIIRRFQLVAVSTPDDLEIKLETILRTNGIKMKFIPRV* 

 

>CYP4Q fragment 4  

McKenna_54774 

revised DRN 4/5/12 

78% identical to McKenna_72692 

52% identical to CYP4M7 Helicoverpa armigera 

IFLSTPKHTTKSLLYLIFGRWLQDGLLLSEGEKWQQRRKLLTPAFHFNILREFISVF

NEKSDDLSKKLSETAGKEIDVMPLFHECSLQMIL 

 

>CYP4Q fragment  

McKenna_60607  

57% identical to CYP4Q fragment 5 McKenna_72692 

before C-helix 

IFMSTKKHSTKSEVYDNLKNWLKEGLLLSS 

 

>CYP4Q fragment  

McKenna_15994  

81% identical to CYP4Q fragment 4 McKenna_54774 
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GEKWQQRRKLLTPAFHFNILREFICVFNEKSDELMEKLRETAGKEIDVMPLFHEC

SLQMII  

 

>CYP4Q fragment 5 Query= McKenna_72692 

revised DRN 4/3/12 

60% identical to CYP4Q2 T. castaneum C-helix region, runs off the end of the contig 

IFLSTPKHSSKSVLYQIFGRWLKEGLLLSKGEKWQQRRKILTPAFHFSILKEFIDAF

NEKSDELMEKLRETAGT 

 

>CYP4Q fragment  

McKenna_88883  

73% identical to CYP4Q7 T. castaneum sequence7v1, AAF70496.1 

 GHDTTAAAIGFCLMLIANHPEVQ 

 

>CYP4Q fragment  

McKenna_93842  

52% identical to CYP4 fragment 6 McKenna_92563 

I-helix 

GHDTVATALSFCVMNIANHPEIQ(0) 

 

>CYP4Q fragment  

McKenna_61221 

52% identical to CYP4Q4 T. castaneum just past the heme signature 

KVAMLGIKTTICGILKKFRLEPIGSLEDIIFVPHLLLKSKHPLEVKFIPRVSL* 

 

>CYP4AA1v2a Query 

McKenna_22609 

MVLKLHEYILTTFYFLFLFYCLWKLRNYFRAVLLALHLPGPFAYPIIGNALTLFFF

TELEYLGNNSYRLFGPIFRCWISIVPFFFVTDPAHLQTLLSNGRLTKKNMFYSLLH

NFIGEGLITNNGEKWKLHRKLIQPYFHINVLENFIPIFAETSRDLATNFKDITEVNIT

TFINDWVLDTLH 

 

>CYP4AA1v2b  

McKenna_56446 

revised DRN 4/3/12 

54% identical to CYP4AA1 T. castaneum 

97% identical to CYP4AA1v1 McKenna_18780 

ELIVPYRISRPWMLIDFIFNLTKSADQEQKQRSNLHEFTKKLLYSRRNQEISSIKFV

SLMEIFMNLSETNTDFSEQDVIDETCTFMLAGQDSVGAATAFTLHFLAKHEEIQR

KVYEEQVRIFENDTRLVTTNDLNEMRYLEQCIKETMRLCPSVPIVCRKLNEDLRL

GNYVLPGGTNIFISPFITHRLEHLYPEPQKYDPDRFSAENSHKIHPYGYIPFSAGPR

NCIGYKFAMLEMKAAISAIMREYQLSLVPGKEETIFSYRITLRCKGGIWIRLTRRD

KDL*  

 

>CYP4AA1v1  

McKenna_18780 
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revised DRN 4/3/12 

identical to 22609, almost identical to 56446 

48% identical to CYP4AA1 T. castaneum 

MVLKLHEYILTTFYFLFLFYCLWKLRNYFRAVLLALHLPGPFAYPIIGNALTLFFF

FTELEYLGNNSYRLFGPIFRCWISIVPFFFVTDPAHLQTLLSNGRLTKKNMFYSLL

HNFIGEGLITNNGEKWKLHRKLIQPYFHINVLENFIPIFAETSRDLATNFKDITEVNI

TTFINDWVLDTLHMSSFYKDQNSRKCVSVLYSFRGELIVPYRISRPWMLIDFIFNL

TKSADQEQKQRSNLHEFTKKLLYTRRNQEISSSIKFVSLMEIFMNLSEANTDFSEQ

DVIDETCTFMLAGQDSVGAATAFTLHFLAKHEDIQRKVYEEQVRIFENDTRLVTT

NDLNEMRYLEQCIKETMRLCPSVPIVCRKLNEDLRLGNYVLPVGTNIFISPFITHR

LEHLYPEPQKYDPDRFSAENCHKIHPYGYIPFSAGPRNCIGYKFAMLEMKAAISAI

MREYKLSLVPGKEETIFSYRITLRCKGGIWIRLTRRDKDL*  

 

>CYP4AW fragment  

McKenna_58185 

revised DRN 4/4/12 

57% identical to CYP4AW1 Phyllopertha diversa scarab beetle 

EKVFNEQSEIYSKKTDAQITYADLVEMKYLEMVIKESLRIHTPIPFFARKLEEDTY

Y 

 

There appears to be only 1 CYP4BM gene with 2 alleles represented 

 

>CYP4BM fragment 1  

McKenna_25162 

revised DRN 4/4/12 

57% identical to CYP4C62 Laodelphax striatellus 

52% identical to CYP4BM1 T. castaneum, best BLAST hit to 4BM1 

probable N-terminal region for 4BM1-like gene, exons 1–3 

MSPLSYFNIFFLTELYQSIYDRTEKFGPIFRSWVGFIPQIHLTRARHAEIILRSSVNIT

KGMNYTFVKHWLGDGLITGTGSYWQRHRKLITPTFHFKILDSFQEVFSEKAHLLL

DELKPLADGKFFDISTLVTHCALDIIC 

 

missing exon 4 (24 amino acids) 

 

>CYP4BM fragment 2v1  

McKenna_22342 

revised DRN 4/4/12 

59% identical to CYP4BM1 T. castaneum up to I-helix exons 5–6 

ILEIFIYRWFRPWLHSDFIFALTSKGREQKKVLEILHGFSNKVIADRKKIIQNSKGV

EELSEEDMLLGKKRRLAFLDLLLQQNMEKNEWTDTELREEVDTFMFA 

 

>CYP4BM fragment 2v2  

McKenna_126849 

revised DRN 4/4/12 

58% identical to CYP4BM1 T. castaneum 

100% identical to McKenna_22342, exon 6 
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VIADRKKIIQNSKGVEELSEEDMLLGKKRRLAFLDLLLQQNMEKNEWTDTELRE

EVDTFMFA  

 

>CYP4BM fragment 3v1  

McKenna_27981 

revised DRN 4/4/12 

53% identical to CYP4BM1 T. castaneum, I-helix to EXXR region 

exons 7–8 

GHDTTTSSVLWNLFVLGNSPKFRVYEEIDSVFHGEERPIMPEDIAKMQYMERVM

KETLRIYSVVPYIMRRLEEDTEI 

 

>CYP4BM fragment 3v2  

McKenna_57285 

revised DRN 4/4/12 

100% identical to McKenna_27981 exon 8 

VYEEIDSVFHGEERPIMPEDIAKMQYMERVMKETLRIYSVVPYIMRRLEEDTEI 

 

>CYP4BM fragment 4  

McKenna_51726 

revised DRN 4/5/12 

75% identical to CYP4J20 Culex quinquefasciatus 

71% identical to CYP4BM1 T. castaneum (probably a missing exon in the CYP4BM 

gene) 

exon 9 

EGTIIPAGVCVAIHITNVHKDPEQFPDPFRFDPDRFLPENVAKRNPYAHIPFSAGPR

NCI 

 

>CYP4BM fragment 5  

McKenna_104318 

revised DRN 4/2/12 

53% identical to CYP4BM1 T. castaneum, exon 10 

GQKFAIRNTKTMLTAILRKYKIKSKLKPEDMKFYGDIILKPQEGIFISLEPRN* 

 

assembled hypothetical gene 

 

MSPLSYFNIFFLTELYQSIYDRTEKFGPIFRSWVGFIPQIHLTRARHAEIILRSSVNIT

KGMNYTFVKHWLGDGLITGTGSYWQRHRKLITPTFHFKILDSFQEVFSEKAHLLL

DELKPLADGKFFDISTLVTHCALDIIC  

missing exon 4 (24 amino acids) 

ILEIFIYRWFRPWLHSDFIFALTSKGREQKKVLEILHGFSNKVIADRKKIIQNSKGV

EELSEEDMLLGKKRRLAFLDLLLQQNMEKNEWTDTELREEVDTFMFAGHDTTT

SSVLWNLFVLGNSPKFRVYEEIDSVFHGEERPIMPEDIAKMQYMERVMKETLRIY

SVVPYIMRRLEEDTEIEGTIIPAGVCVAIHITNVHKDPEQFPDPFRFDPDRFLPENV

AKRNPYAHIPFSAGPRNCIGQKFAIRNTKTMLTAILRKYKIKSKLKPEDMKFYGDI

ILKPQEGIFISLEPRN* 
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>CYP4DW1v1  

McKenna_56469 

revised DRN 4/3/12 

35% identical to CYP4Q5 T. castaneum 

98% identical to McKenna_59987 

VILGDPKFTSKGRLYEPSKFWLGEGLLVSAGEKWRKGRKLLTKTFHFGVLKNYM

HIFNEQLEILNKSFESKHGEPAQLTSLLQFHSLRIICATTVGGQVEISKKSGESLLNS

LETLTKIVGIKMTIPLMNFLYKFTYLLREEREALQDYNDFAYRLIEKNDDCKDMD

EDADHPRLLKVLLQNCDSEDVKDHMKNFLFAGQDTMTTTLTFYLYVLANKPEI

QDEILNEILAISVNENPTYGEITQMGLLDRFIKECLRLYSPAPFIGRTVEENVSLPSG

YTIPAGTSVFIDIFDIHRHPKLYPNPENFDPSRFLPENCGKRHPYSFIPFSAGPRNCI  

 

>CYP4DW1v2  

McKenna_59987 

revised DRN 4/3/12 

29% identical to CYP4BN11 T. castaneum amino acids 116–344 

64% identical to McKenna_90133 

69% identical to McKenna_35031 

69% identical to McKenna_65594 

97% identical to McKenna_56469 

VILGDPKFTSKGRLYEPSKFWLGEGLLVSAGEKWRKGRKLLTKTFHFGVLKNYM

HIFNEQLEILNESFESKHGEPAQLTSLLQFHSLRIICSTTVGGQVEISKKSGESLLNS

LETLTKIVGIKMTIPLMNFLYKFTYLLREEREALQDYNDFAFRLIEKNDDCKDMD

EDTDHPRLLKVLLQNCDSEDVKDHMKNFLFAGQDTMTTTLTFYLYVLANKPEIQ 

 

>CYP4DW2  

McKenna_41406 

revised DRN 4/3/12 

82% identical to McKenna_56469 

46% identical to CYP4Q5 

DEILNEIMTTSANENPTYGEITQMGLLDRFIKECLRLYPPAPFIGRTIDENVGLPSG

YTIPAGTFIFMSIFDIHRHPKLYTNPENFDLNRFSPENCRKRHPFSFIPFSAGPRNCI 

 

>CYP4DW3  

McKenna_73302 

revised DRN 4/3/12 

93% identical to McKenna_41406 

NEILNEIMTTSANENPTYGEITQMGLLDRFIKECLRMYPPAPFIGRTIDEDVGLPSG

YTIPAGTFIFMNIFDIHRHPKLYPNPEIFDLNRFSPEHCRKRHPFSFIPFSAGPRNCI  

 

>CYP4DW4v1  

McKenna_35031 

revised DRN 4/3/12 

27% identical to CYP4AB6 Nasonia 
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GEKWKKNRRLLTKSFHFGVLKNYMHIFNEQLENLKSSLNSNNGEPTELISVMKY

HSLNIICTTLAGDQFGIEKTSKKFLSSLETLTKMVYIKMTVPLMNFLYKFTYLLKE

ETEAMQSYKDFARALIAKNCDSNNVDDDTDLPRLLKILSRNCDSQGVEEQMNTF

LFAGQDTTTTSLTFFLYVLANKPDLQ  

 

>CYP4DW4v2  

McKenna_65594 

revised DRN 4/3/12 

25% identical to CYP4AB6 Nasonia 

63% identical to CYP4DW1v2 McKenna_59987 

95% identical to McKenna_35031 

GEKWKKNRRLLTKSFHFGVLKNYMHIFNEQLENLKSSLYSNNGEPTELISVMKY

HSLNIICTTLAGDQFGIEKTSKKFLSSLETLTRMVYIKMTVPLMNFLYKFTYLLKE

ETEAMKSYKDFARALIEKNRDSNDVDDDTDLPRLLKILSRNFDSQGVEEQMNTF

LFA 

 

>CYP4DW fragment 1  

McKenna_90133 

revised DRN 4/3/12 

44% identical to CYP4AX1 Bombyx mori 

91% identical to McKenna_35031 

90% identical to McKenna_65594 

VILSNPKYISKGIFYEPMRYWLGDGLLVSA 

GEKWKKNRRLLTKSFHFGVLKNYMHIFNELSENLKSCLNSNNGEPTELISVMEY

HSLNIICA 

 

>CYP4 fragment 1  

McKenna_82098 

revised DRN 4/9/12  

42% identical to CYP4S4 Mamestra brassicae N-terminus 

MLPSVKLGIWMAFFTLLLLIGKMLYRHLRDILVLLEIPAPPAKPIIGLGTEFFGVSQ

EEIFRKFREYSKQFRPVYRLPLFHIQAINLINSGDIEQVLSSYNHLKKSMTYDFLNK

WLGTGLLTSS 

 

>CYP4 fragment 2  

McKenna_44239 

revised DRN 4/5/12 

exon 2 near N-terminus 

41% identical to CYP4Q1 T. castaneum 

37% identical to McKenna_82098 

DVIHQSLRNYAKEFYPHYRLRILHSISVNIVSPEDCE 

 

>CYP4 fragment 3  

McKenna_48071 

revised DRN 4/5/12 

C-helix region 
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44% identical to CYP4BN11 T. castaneum 

53% identical to CYP4AW1 

GMLRAFNDYTKKYGDIVYTRIGPLYHGLLFTDADLAKEVFQANINLTKGSAYEF

CRSWLGHGLLTTDEKRWKKQRKIVTPAFNTQLLIEFIPVFDKQSNILIEKLDNAPS

KDSLNIHRLIGLCSLDITC 

 

>CYP4 fragment  

McKenna_63047  

91% identical to CYP4 fragment 3 McKenna_48071 

immediately before the ETAM exon, runs off the contig  

KDSLNIHRIIGLCSLDITC 

 

>CYP4 fragment 4  

McKenna_128699 

revised DRN 4/5/12 

C-helix region 

39% identical to CYP4AY2 Ips paraconfusus 

45% identical to McKenna_54774 

ELLPYLHEQLDKFDGLMQIHIGTEVMLTASNYKFVQWLMTSTTIITKSLQYSFFN

EWLGHALLITSGSRWKSYRKILTPAFHFKRIENLISVCQKASDDLIKKMSNNLDK

DCFDVYPIISNFSLDVLC 

 

>CYP4 fragment 5  

McKenna_89270 

revised DRN 4/5/12 

ETAM exon, 43% identical to CYP4Q12 Leptinotarsa decemlineata 

40% identical to McKenna_113570 

ETAMGYKLNTQEEHSKDYIKALHEIELLFNYRMMRPWLHIPLIYWFNSTSRREA

QLLKILHGFTKAIIKERMDSFECDVLSLQSDEKSEGKLQNKTRRRRLVLLDVLLQ

TRAIDGSIDYEGICEEVDTFMFE 

 

>CYP4 fragment  

McKenna_41802  

ETAM exon 82% identical to CYP4 fragment 5 McKenna_89270 

ETAMGYKLNTQEEHSRNYIKAVHEIEKLFLHRMMRPWLQIPLIYWFSPISRIEAQ

KLKVLHGFTRAIIKKRMDSFECDVISSQSDERSEDKLQNKTKRRRLAFLDVLLQA

RAIDGSIDYEGICEEVDTFMFE 

 

>CYP4 fragment 6  

McKenna_92563 

revised DRN 4/5/12 

ETAM exon and I-helix 

45% identical to CYP4BQ1 Dendroctonus ponderosae 

ESSMATSINAQEEESEYRSCIRTLCQIILERAMDPLYMHDLLFYFHPQYQNFQKSI

KTIHEFDQTVIEKRRKLLQNVHEKNDDDLENVYGKKKTPFLDILLKARDEDGNP

LSNKDIRDQVDGIMFAGHDTTASAISFILYNLSVHPDVQ 
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>CYP4 fragment 

 McKenna_58192  

65% identical to CYP4Q8 T. castaneum sequence19, XP_970987.1 I-helix 

44% identical to CYP4 fragment 6 McKenna_92563 

 GHDTVSTALSFCAMNIANHPEIQ 

 

>CYP4 fragment 7  

McKenna_113570 

revised DRN 4/5/12 

ETAM exon up to I-helix 

40% identical to CYP4M14 Spodoptera frugiperda 

40% identical to McKenna_89270 

ETAMGYKTKTNDNAMKKYLKAVEGLEKVINLFIVRPWLRYFGVFYRFTSYGKE

EGRHLDVLHNYTKTIIKEKMEISKNNPSESSEIEKDDIYFGKKRRRMAMLDILLEA

HRNGNQIDFNGICEEVDTFTFE 

 

>CYP4 fragment 8  

McKenna_70904 

41% identical to CYP4BN4 T. castaneum 

revised DRN 4/5/12 

ETAM exon up to I-helix 

41% identical to CYP4BR4 Dendroctonus 

41% identical to CYP4BN4 T. castaneum 

ETSMGVKLGAQNEQNTEYVLAVKEMCRIIATRSYSMMKAMKLTYPFTEDYSIEK

KSVKILHGFTDRVVQKKREQRKEQTESNLDQDGRSRRSNLLDILLDYSDKEKLLS

EKEIRDEIHTFMFA 

 

>CYP4 fragment 9 

McKenna_97724 

revised DRN 4/1/12 

53% identical to CYP4BN4 T. castaneum 

RRDFNFSDGKLIPKNTTilillhhlHRNAEVFPDPEKFDPTRFDDNSKIPNFAFLPFSAG

LRNCIGQRFAMLEIKVAVAELVRNFEFLPAPNYKPNVISEISLKSSNGICIRLKKRQ

* 

 

>CYP4 fragment 10  

McKenna_89867 

revised DRN 4/4/12 

last exon 

43% identical to McKenna_97724 

51% identical to CYP4BN12v2 Leptinotarsa decemlineata 

GQKFANNEMKVILSKLIRTFEFRPAEPDHELDLRAEVVLTSKNGINVKIIRRQQ* 

 

>CYP349 fragment 1  
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McKenna_59612 

revised DRN 4/4/12 

N-terminus 

80% identical to McKenna_43307 

39% identical to CYP349A1 T. castaneum 

DRLMFINISEIFETFLNYFRNSPDIFKLWFGHMLIIGVSKPEHMEIVLTNPNTMNKS

HLVDFTKPYMGDGLFSAS 

 

>CYP349 fragment 2  

McKenna_43307 

revised DRN 4/4/12 

N-terminus 

36% identical to CYP349A1 T. castaneum 

82% identical to McKenna_59612 

DRLMFINISDILKILLSYYRNSPDIFKFWLGHILFIGVSKPEHMEIVLTNPNTMNKS

HLVAFTKPYMGDGLFSAT 

 

>CYP349 fragment  

McKenna_51341  

47% identical to CYP4BM1 T. castaneum sequence89, XP_966563.1 from KYG motif 

near N-terminus 

44% identical to CYP349 fragment 2 McKenna_43307 

YGPNFAVWILDHIFIVVGKPDDVEKILQSPSCLTKNELYRFTHGIVGTGLFTAP 

 

>CYP349 fragment 3  

McKenna_36044 

revised DRN 4/4/12 

C-helix region and ETAM exon 

42% identical to CYP349B1 Dendroctonus ponderosae 

AEKWRQHRKIISPTFNAKILEGYLPIFCKTGNIFVDEILPNNVDKKDADWYTLFTA

VNLDVIM QTAMGIDKDVQRKDVPFGQWLEK 

 

>CYP349 fragment 4a  

McKenna_104719 

revised DRN 4/4/12 

63% identical to CYP349A2 T. castaneum EXXR region 

QKVYEEAIEVLGQDRYPTKADIPKLQFTEMFIKETLRLFPIAPLFLRVASDNFRM 

 

>CYP349 fragment  

McKenna_114597  

90% identical to CYP349 fragment 4 McKenna_104719 

QKVYEEAIEVLGQDRYPTKADIPKLKFTEMFIKETLRLFPIGPFLLRVASDDFRM 

 

>CYP349 fragment 4b  

McKenna_106919 

Matches CYP349 fragment 4 McKenna_104719 
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1-amino acid difference 

QKVYEEAIEVLGQDRYPTKADIPKLQFTEMFIKETLRLFPIAPLFLRVASDDFRM  

 

>CYP349A fragment  

McKenna_74465 

60% identical to CYP4G14 T. castaneum sequence9, gi|91080899|ref|XP_973423.1 

60% identical to CYP4G79 McKenna_97615 

60% identical to CYP349A3P T. castaneum sequence64, XP_968399.1 

GTDTSAVTACFFLTMMGMHQDIQ 

 

>CYP349 fragment 5  

McKenna_121359 

revised DRN 4/4/12 

50% identical to CYP4C12 Mastotermes darwiniensis AF067632, EXXR region 

55% identical to CYP349A2 T. castaneum 

EKVYEEVMGVLGPEGQPTVKDLNEMHFFERCLKETMRLFTPAPIILRKNTGGDL

KI 

 

>CYP349 fragment 6  

McKenna_48771 

revised DRN 4/4/12 

last 2 exons 

50% identical to CYP349B2 Dendroctonus ponderosae 

52% identical to CYP349A2 T. castaneum 

DDLTIPKDSIILIGIMHLHRSPKYWEDPLKFDPNRFLPEKLSKMHPYSYLPFSGGPR

ICFGYRYAMIVMKLILSKIIRKFELKTEYKSIEEIQLKINLMMRPSNGFKVTLQPRE

* 

 

 

Mito clan (23 sequences, possibly 6 different genes) 

 

 

>CYP49  

McKenna_33418 

revised DRN 4/3/12 

N-terminus 

MKKKIIEISKSVQNFAVRRSYATDRNYSTVMKLDIFEDDIEVISKEANVEEKEYIK

PYSDVPGPQQLPIIGNAWRFAPFIGQYKIHEL 

 

>CYP49  

McKenna_15733 

identical to contig_33418 

MKKKIIEISKSVQNFAVRRSYATDRNYSTVMKLDIFEDDIEVISKEANVEEKEYIK

PYSDVPGPQQLPIIGNAWRFAPFIGQYKIHEL(gap) 

 

>CYP49  
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McKenna_53778 

83% identical to CYP49A1 T. castaneum amino acids 196–291 

EESLDNNQELPPHFLSEIYKWALESVVRVSLDTRLGCLEPNLPKDSEQQKIIDSINT

FFWNVAEVELKMPVWRIYHNNAFKKYIGALENFRI 

 

>CYP49 Query 

McKenna_118324 

revised DRN 4/3/12 amino acids 326–381 up to I-helix 

65% identical to CYP49A1 T. castaneum 

ALCSKYIQQTMANMDLKDFKNMKKENISIVEKILLQTGNPKLATVLAIDLLLVGV

DT 

 

>CYP49Q 

McKenna_35973 

revised DRN 4/3/12 amino acids 326–381 up to I-helix 

1-amino acids difference from 118324 

65% identical to CYP49A1 T. castaneum 

LCSKYIQQTMANMALKDFKNMKKENISIVEKILLQTGNPKLATVLAIDLLLVGVD

T(gap) 

 

>CYP49  

McKenna_54335  

66% identical to CYP49A1 T. castaneum sequence87, gi|91086895|ref|XP_970738.1 

I-helix to EXXR 

TSIAVASTLYQLSQNPDKQEKLYQELKTVLPTANSKFTAETQENIPYLKACIKETL

R 

 

>CYP49 Query 

McKenna_70895 

revised DRN 4/3/12  

Heme signature 

MYPVIIGNGRSLQSDTEIGGYHIPKGTHVIFPHLVVSNTEEYFSEPQRFEPERWLK

KKDESTKCPIKQDKIHPFVSLPFGYGRRSCLGRRFAETELQILLSK 

 

>CYP49  

McKenna_121511 

revised DRN 4/3/12  

81% identical to C-term of CYP49A1 DPO024_I03 Dendroctonus ponderosae 

IFRKYRVDYNYEALTYKITPTYVPEQPLKFKLTERMS* 

 

>CYP49A1 assembled sequence 

74% identical to CYP49A1 T. castaneum sequence87, gi|91086895|ref|XP_970738.1  

MKKKIIEISKSVQNFAVRRSYATDRNYSTVMKLDIFEDDIEVISKEANVEEKEYIK

PYSDVPGPQQLPIIGNAWRFAPFIGQYKIHEL 

(gap) 
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EESLDNNQELPPHFLSEIYKWALESVVRVSLDTRLGCLEPNLPKDSEQQKIIDSINT

FFWNVAEVELKMPVWRIYHNNAFKKYIGALENFRILCSKYIQQTMANMALKDF

KNMKKENISIVEKILLQTGNPKLATVLAIDLLLVGVDTTSIAVASTLYQLSQNPDK

QEKLYQELKTVLPTANSKFTAETQENIPYLKACIKETLRMYPVIIGNGRSLQSDTE

IGGYHIPKGTHVIFPHLVVSNTEEYFSEPQRFEPERWLKKKDESTKCPIKQDKIHPF

VSLPFGYGRRSCLGRRFAETELQILLSKIFRKYRVDYNYEALTYKITPTYVPEQPL

KFKLTERMS 

 

>CYP301A1 H. axyridis  

revised DRN 6/11/12, complete 

76% identical to CYP301A1 T. castaneum 

McKenna_84359 exon 1 

McKenna_104580 exons 2–3 

McKenna_59440 exon 4–5 

CYP301A1 fragment McKenna_32237 2 exons 

McKenna_37958 last exon  

McKenna_59965 last exon 

MSKRIAAKLKKNSLRDWMQYSTSTIARAEGISCPHIQDVNIKPYSEIPGPKPLPFL

GNTWRLLPVIGQYDISDVGKLSKRFHEQYGKIVKLSGLVGRPDLLFVYDADEIQK

VYSNEGPTPFRPSMPCLVKYKSEVRKEFFGDLAGVVGVHGEPWKTFRTKVQRPI

LQLKTVKKYITPIEEVTNYFIERILEMKDDKDEMPGDFDNEIHKWSLECKVSLDT

RLGCLDPNLPSDSEPQKIINAAKYALRNVAILELKFPFWRYFPTTVWTNYVKNM

DYFIEICMKHIDAAMERLKSKSITNENELSLIERILASEPDPKTAYILALDLILVGID

TISMAVCSILYQLATRPNEQEKLYQELRRVLPDPKTPLTASLLDEMVYLKAFVKE

VLRMYSTVIGNGRTLQEDTVIQGYHVPKGVVVFPTLVTGNMPEFVSEPSKFIPER

WMKDSGLDYKLHPYASLPYGHGARMCLGRRFADLEIQVLLAKLVRSFKLEYNH

EPLEYKVTFMYAPEGELKFKMTPRHETKE* 

 

>CYP301A fragment  

McKenna_80357  

83% identical to CYP301A1 H. axyridis N-terminus 

MSKRIAAELKKNGLRDWKQYSTSTITRAEGVSCPHIQEVNIKPYSEIPGPKPLPFL  

 

>CYP301B.a Query 

McKenna_28250 

revised DRN 4/3/12 

N-terminus, exon 1 

MLVKNVRFSRKLISRPFSQTLSPGVIDGVSSEWDNASPYSSIPGPKALPLVGNTWR

FLPYI  

 

>CYP301B.b Query 

McKenna_38292 

86% identical to contig_28250 

exon 1 

MLVKNVRFSRKLITRSFSQTLNPGVIDGLSSEWDSALPYCSIPGPKALPLVGNTW

RFLPYV 
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>CYP301B.a  

McKenna_117319 

revised DRN 4/3/12 

exons 2–3 

65% identical to CYP301B1 T. castaneum 

GGFQIEHIDKLCKQLHQKYGKIVKMEGLLGRPDMLFLFDPDLIQRVFKQEDNLPY

RPSMPSLTYYKHKHKKEIFGEDGGVIAVHGEEWQKFRSKVNQIMLHASAAHQYI

DTINEAGNNFIER 

 

>CYP301B.b  

McKenna_25931 

only 4-amino acid difference from 117319 

GGFQIEHIDQLCKQLHQKYGKIVKMEGLLGRPDMLFLFDPDLIQRVIKQEDNLPY

RPSMPSLTYYKHKHKKEIFGEDGGVIAVHGEEWQKFRSKVNQIMLQATAAHQYI

DTINEAGNNFIER 

 

>CYP301B Query 

McKenna_30862 

revised DRN 4/3/12 

62% identical to CYP301B1 T. castaneum 

IEFLKDDKEEVPGDFLNEIHKWSLESLARVALDIKLNCLAENPKKHTQELIDAVN

TFFMGVPILELKNPMWRIISTPLFKKYIKALDTIYELCNIHIEDAMRNPSSSTDENC

SVLQKVLRNNNPKTAKHLALDLFLVGIDTTSNAVASILYQLAQHQDAQEKLYKH

LVSSKITANSDITIDFLKNSGYLKFCIKETMRMFPVVIGNGRCTTNNTVIGGYQVP

KGVQVIFQHYVISNLDEYFPRSSEFLPERWSDPKGKTHNFASVPFGHGRRMCLGK

RFADMEMQVVISK 

 

>CYP301B1 assembled sequence (note: there are two exon 1s and two exon 2, 3s) 

revised DRN 4/3/12 

McKenna_28250 exon 1 

McKenna_117319 exons 2–3 

McKenna_30862 exons 4–9 

60% identical to CYP301B1 T. castaneum 

missing the last exon 

MLVKNVRFSRKLISRPFSQTLSPGVIDGVSSEWDNASPYSSIPGPKALPLVGNTWR

FLPYIGGFQIEHIDKLCKQLHQKYGKIVKMEGLLGRPDMLFLFDPDLIQRVFKQE

DNLPYRPSMPSLTYYKHKHKKEIFGEDGGVIAVHGEEWQKFRSKVNQIMLHASA

AHQYIDTINEAGNNFIERIEFLKDDKEEVPGDFLNEIHKWSLESLARVALDIKLNC

LAENPKKHTQELIDAVNTFFMGVPILELKNPMWRIISTPLFKKYIKALDTIYELCNI

HIEDAMRNPSSSTDENCSVLQKVLRNNNPKTAKHLALDLFLVGIDTTSNAVASIL

YQLAQHQDAQEKLYKHLVSSKITANSDITIDFLKNSGYLKFCIKETMRMFPVVIG

NGRCTTNNTVIGGYQVPKGVQVIFQHYVISNLDEYFPRSSEFLPERWSDPKGKTH

NFASVPFGHGRRMCLGKRFADMEMQVVISK 

 

>CYP302A1  



 

185 
 

McKenna_59802  

58% identical to CYP302A1 T. castaneum sequence107, gi|91083869|ref|XP_974252.1 

MCLKRKILSQLTSNKRELSTDIRKPFTSIPGPISLPVIGTLYQYIPLI 

GKYKFTKLETTGLKKYKKFGSIVKEEIAPGVNTVWLYDPNDIEHLFRNEGIYPRR

RSHLALEKYRLDKPHVYNTGGLLPTNGENWWKLRQVFQKGLSSPMAVHNFISG

SNEIIDEFLDRINYIKEYSNVDYLPEISRLFLECMYVFDVRMDSFSEIELRKNSRST

KLLKSALTTNSCILKLDNGFHLWKHFATPLYWRMKRAQTYMEDVAIDLVGIKM

HTYEELPYNHPKCLMDIYLRSKDLDFKDIIGISCDFLLAGMDTTSYTTSFLLYYLA

LNKEVQNRLWEEVKRLLPNSNSPVTKEVLAEAHYAKACLKETHRLRPISVGVGR

ILDRPTVFSGYEVPEDTIIVTQNQVSCRLEDYFPEANKFLPERWLKNDPLYRKIHP

FLVLPFGHGKRSCIARRLAEQNMLILLLKISRCYEVGWIGYKLDTISSLINKPDGPI

LLNFQAR* 

 

>CYP314A1v1 Query 

McKenna_124192 

revised DRN 4/3/12 

48% identical to CYP314A1 T. castaneum 

MISQIVSLTPDKLAIVLIILLIYYLDYRPPWWNRTEKKRQTIPGPKPIPLFGTNWLF

YLGCYNIHKIRDFYMAMYKKYGPIVKQETYFNFPIYSVFERKDIEKVLKVPSKYP

LRPASEAVIAYRASRPDRYASAGITNTQGETWHYLRTTLTPPLISPKTMSSFVTEV

NSLAEDWVSYLGRIRGPDNQIKDLAEIVVPLCIETTLDLVLGRRLGFLSPNPISSKS

RQLVEALEGHFVGLRDTQFNFPWWKFFPTKAYKTLTTCENYIYETVLEMVAEYA

DEEGEETVYKSLLKADIDQREKTGAIIDYISAGIHTLKNSLIFLFHLVAEHPELQGK

IGADLSYAKACMHEAFRLLPTATPLSRILDQDMELGGHQVKAGSIVLCHGDIASR

NEENFERPDEFIPERWLGDDKHKNISAGTYIMIPFGAGRRICPGKRFIELVLPIFLQ

QTVKKFELTTEHKMEVEFQFLTAPKGAVSIKLTDRD*  

 

>CYP314A1v2  

McKenna_45495 

revised DRN 4/3/12 

3-amino acid difference from McKenna_124192 allele 

MISQIVSLTPDKIAIVLIILLIYYLDYRPPWWNRTEKKRQTIPGPKPIPLFGTNWLFY

LGCYNIHKIRDFYIAMYKKYGPIVKQETYFNFPIYSVFERKDIEKVLKVPSKYPLR

PASEAVIAYRASRPDRYASAGITNTQGETWHYLRTTLTPPLISPKTMSSFVTEVNS

LSEDWVSYLGRIRGPDNQIKDLAEIVVPLCIETTLDLVLGRRLGFLSPNPISSKSRQ

LVEALEGHFVGLRDTQFNFPWWKFFPTKAYKTLTTCENYIYETVLEMVAEYADE

EGEETVYKSLLKADIDQREKTGAIIDYISAGIHTLKNSLIFLFHLVAEHPELQGKIG

ADLSYAKACMHEAFRLLPTATPLSRILDQDMELGGHQVKAGSIVLCHGDIASRN

EENFERPDEFIPERWLGDDKHKNISAGTYIMIPFGAGRRICPGKRFIELVLPIFLQQ

TVKKFELTTEHKMEVEFQFLTAPKGAVSIKLTDRD* 

 

Note: There are 3 sequences for the N-terminus of CYP315A and 2 sequences for the C-

terminus. They are labeled a, b and c, but it is not clear which ones join together. 

 

>CYP315A1.a  

McKenna_71811  
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NOTE: this was labeled McKenna_24087 

CYP315A 45% identical to CYP315A1 T. castaneum amino acids 1–315  

MSMRRELCVRLSKITIQSKRDCSKIARDFRDVPSPRGLPIIGTRLAILAAGSSKYLH

EYVDKRHRELGPIYRERLGPVTGVFVSDPDSIRSIFAQEGKYPIHVIPEAWTLFNQ

KHNYDRGLFFMNGQEWLDTRRIMNNLLLKGDMSWMEEAADAVITGFLEDLEK

NGSLRTSLDSEFYQVFLEVIVSVLLGADTYRKHRDVIQQRVNHLAQSVQLVFETT

MKLEMIKAEWAEKLGLKRWKNFESSMLNALSGTARMLERLTEECGRGNGLME

MLRAKNLSEDRINAIVTDLFLAAADTTAYTMQWMVYMVAKNQNIQ  

(86 amino acids gap)  

 

>CYP315A1.a  

McKenna_80432 

54% identical to CYP315A1T. castaneum 

amino acids 400–465 C-terminus 

ASLPFAMGSRSCVGKKLAEYELQTMLSQLVKNFKIELLNTKEIRMVMKMIAAPS

EPIRLNLKKIG* 

 

>CYP315A1.b  

McKenna_40698 

46% identical to CYP315A1 Colorado potato beetle 

amino acids 25–316 

91% identical to contig_71811 

MSLTRELFVRFNIISILSKRDCSKVVRDFRDVPSPRGFPILGTRLAILAAGSSKYLH

EYVDKRHRELGPIYRERLGPVTGVFVSDPDSIRSIFSQEGKYPIHVIPEAWSLFNQ

KHNCARGLFFMNGQEWLDTRRIMNNLLLKGDMSWMEEAADAVITGFLEDLEN

NGSLRTSLDLEFYQVFLEVIVSVLLGADTYRKHRDVIQQRVDHLAQSVQLVFETT

MKLDMLKVKWADTLGLKRWKHFESSMLNALSGTTRMLERLTEECGRGNGLME

MLRAKNLSEDRINAIVTDLFLAAADTTAYTMQWMVYMVAQNQNIQ 

 

>CYP315A1.b  

McKenna_2304 

amino acids 417–471 C-terminus, 4-amino acid difference from contig_80432 93% 

XXXXXXMGSRSCVGKKLAEYELQSMLSQLVKNFKIELLNTKEIRMVLKMIAAPS

EPLRLSLKKI*  

 

>CYP315A1.c  

McKenna_55760 

amino acids 169–324 92% identical to contig_40698, 91% identical to McKenna_71811 

40% identical to CYP315A1 Colorado potato beetle 

TGFLEDLDKNGFLGTSLDSEFYQVFLEVIVSVLLGADTYRKHRDVIQKRVNQLAE

SVQLVFETTMKLDMLKVKWAEKLGLKRWKHFESSMLNALSGTARMLERLTEE

CGHGNGLMEMLRAKNLSEDRINAIVTDLFLAAADTTAYTMQWVVYMVAKNQN

IQ  
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