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Myocoptes musculinus is a common ectoparasite of wild mice and is occasionally found on research mice. Infestations
of research mice are often subclinical but can cause severe dermatitis. Perhaps more importantly, infestations can cause
immunologic reactions that may alter research outcomes, and most animal research facilities strive to prevent or eliminate
mites from their mouse colonies. M. musculinus infestations are currently detected by using microscopic evaluation of the
fur and skin and PCR assays of pelt swabs targeting the rRNA genes of this mite. In our facility, we encountered multiple,
false-positive 18S rRNA PCR results from a closed mouse colony. We could not identify the source of the false positives even
after performing PCR analysis of other Myocoptes gene targets using assays developed from the few other target genomic
sequences available for M. musculinus or Myocoptes japonensis in public databases. This situation highlighted the limited
genetic resources available for development of diagnostic tests specific for this ectoparasite. To expand the available genetic
resources, we generated a metagenome of M. musculinus derived by sequencing from fur plucks of an infected mouse. We

also determined the completeness of this metagenome and compared it with those of related mites.

Abbreviation: ITS, internal transcribed spacer
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Introduction

Myocoptes musculinus is a nonburrowing mouse ectopara-
site in the superorder Acariformes and family Mycoptidae.
Although its prevalence in research mouse populations is con-
sidered relatively low (0.12% of samples submitted to a large
commercial diagnostic testing laboratory3?), M. musculinus is the
most common mite found on research mice.* Clinical signs of
M. musculinus infestation can range from subclinical to severe
dermatitis that warrants euthanasia.*® In some mouse strains,
M. musculinus can elicit Th2 cytokine-mediated responses and
elevated IgE concentrations.??38424751 Ag such, most research
institutions work to prevent or eliminate these mites from their
mouse populations. The treatment of research rodents to elimi-
nate ectoparasites, including M. musculinus, has primarily used
the avermectin and milbemycin classes of macrocyclic lactones
such as ivermectin, selamectin (avermectins), and moxidectin
(milbemycin).?

Historically, murine ectoparasite infections was diagnosed by
microscopic examination of the fur and skin and identification
of the adult or larval stages.>??>?* In 2011, 2 commercial test-
ing laboratories began offering PCR assays for the detection
M. musculinus; both assays targeted the 185 rRNA sequences and
likely were based on sequences reported in GenBank (accession
no., KT384411.1 or JF834893.1). In 2013, we incorporated this
commercial PCR testing of mouse pelt swabs into our regular
animal health surveillance program. Our animal facility had
been negative for murine ectoparasites for at least the preceding
35 y. In Fall 2016, we received results from one commercial
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testing laboratory indicating that a sentinel mouse was
PCR-positive for M. musculinus. We sent backup pelt swabs
from the same PCR-positive sentinel mouse to another com-
mercial testing laboratory. This second testing lab obtained a
PCR-positive result from their Myocoptes genus-level PCR as-
say, but the sample tested PCR-negative on their M. musculinus
species-specific assay.

Our own M. musculinus 18S rRNA PCR assay was based
on primer sequences provided by Dr. Susan Compton (Yale
University, New Haven, CT). We obtained fur plucks from a
confirmed M. musculinus-infected mouse colony (kindly gifted
by Dr. Julie Watson, Johns Hopkins University, Baltimore, MD)
and used the isolated DNA as our positive control. The same
initial, positive sample from our sentinel mouse was likewise
PCR-positive in our assay. We sequenced the amplicon and
found it to be a 100% match to nucleotides 406 through 810 of
the M. musculinus 185 rRNA GenBank entry KT384411.1. Overa
period of 2 mo, we tested approximately 615 swabs from either
mouse pelts or cages housing mice from PCR-positive colonies.
Of these, 16 samples were PCR-positive for M. musculinus
according to both outside testing labs and our inhouse PCR and
sequencing tests. We also performed visual pelt or fur pluck
examinations of 215 mice from these PCR-positive populations
but found no physical evidence of M. musculinus. After multiple
tests performed over approximately a 2 mo period, we could
no longer detect PCR-positive samples from these experimen-
tal populations. Based on the lack of physical evidence of M.
musculinus, the ambiguous PCR results from one commercial
testing lab, and the abrupt halt in finding PCR-positive sam-
ples, we concluded that these previous PCR results were false
positives.

Approximately 21 Myocoptes species are known, with a
worldwide distribution and a range of susceptible rodent spe-
cies. Accurate morphologic classification of mites is difficult.5
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Current PCR assays for classification are based on 185 rRNA,
which presents known difficulties as a marker because the as-
says may not always have resolution down to the genus and
species levels. Visual inspection and sequence confirmation
can produce contradictory results.!® In addition, only 2 of
these species—M. myocoptes and M. japonensis—have genomic
sequences in GeneBank. Of the 18 total GenBank entries for
Myocoptes spp., 6 are for the 185 and 28S rRNA genes and one
for the rRNA internal transcribed spacer (ITS) region. This situ-
ation means that the current development of useful PCR assays
is severely limited to just a few well-conserved regions of these
2 mite species. The lack of diversity in terms of orthologous
sequences available in multiple related species makes it dif-
ficult to design primers that are species-specific. For example,
we developed PCR assays based on heat-shock protein cognate
5 (Hsc70-5; accession no. JQ001561.1) and elongation factor la
(Efla) of M. japonensis (JQ000939.1). These assays yielded posi-
tive results with our known M. musculinus DNA sample that
were confirmed by sequencing, thus illustrating the potential
lack of specificity at the species level.

An additional complication to consider regarding mite
identification is the considerable controversy concerning the
phylogenetic placement of Astigmata mites in the Acariformes
superorder. In part, this difficulty appears to be due to a faster
rate of gene evolution in Astigmata mites compared with other
genera, thus causing confusion, particularly in the relationship
between the Astigmata and Oribatida suborders, because of long
branch attraction.!! Whether Acari are even monophyletic is in
considerable doubt.5356

Given the difficulties in accurately identifying M. musculinus
by using currently available PCR assays, we decided to test the
hypothesis that sequence generated from the positive-control fur
sample mentioned earlier would be sufficient to generate a full
draft metagenome of the M. musculinus mite. Our results below
indicate we have done so. We anticipate that this information
will be a valuable resource for the development of more diverse
and accurate diagnostic tests for both M. musculinus and other
murine ectoparasites.

Materials and Methods

Isolation of total genomic DNA and sequence alignment. Fur
plucks collected from a B6 x 129 background mouse colony
that had been confirmed as monoinfected with M. musculinus
mites were obtained from Dr. Julie Watson at Johns Hopkins
University.%> Genomic DNA was isolated from the fur plucks
(DNeasy Blood and Tissue Kit, Qiagen, Hilden, Germany)
based on the kit instructions except that we extended the ini-
tial proteinase K digestion to overnight at 56 °C. Total genomic
DNA concentration was quantified fluorometrically by using
a spectrophotometer—fluorometer (model DS-11 FX, DeNovix,
Wilmington, DE) and assay kit (dsDNA Broad Range Assay
Kit, DeNovix) according to the manufacturer’s instructions. All
multiple-sequence alignments were generated by using Multiple
Sequence Comparison by Log- Expectation (MUSCLE)™ within
CLC Genomics Workbench (version 11, Qiagen).

Genome sequencing and assembly. The initial sequencing
dataset consisted of 113,349,552 paired-end, 151-bp reads gen-
erated by using the NextSeq 4500 (Illumina, San Diego, CA)
at the NIEHS Epigenetics and DNA Sequencing Core Facility
(Research Triangle Park, NC). The reads were trimmed to re-
move adapter sequence and aligned to mm10 with the STAR
assembler!? to filter out mouse-specific reads. The unaligned
output was further filtered through a database consisting of
de novo genome assemblies of C57BL/6N]J, 12951/SvIm], and

C3H/HeJ®! and available from The Mouse Genomes Project
website,* which also used STAR and resulted in a paired-end
dataset of 13,110,845 reads (NCBI Project PRINA840911). This
dataset was assembled by using SPAdes 3.11.0° and testing a
range of kmers; an optimal assembly based on N50 was found
by using a kmer of 55. This assembly had a size of 66.4 Mb
consisting of 14,487 scaffolds greater than 300 bp, with an N50
of 10.5 kb and a GC content of 29.83%. These statistics were
determined by using Quast 4.0.2° We also tested 2 other de novo
assemblers—soapdenovo® and CLC Genomics (version 12.0,
Qiagen, Redwood City, CA); at any kmer tested, these programs
produced inferior assemblies to that generated with SPAdes.
No improvement of the assembly was found after analysis with
EukRep, which filters eukaryotic from prokaryotic reads, and
we therefore considered the original assembly to be our final
assembly. Repeat content was determined by using MISA for
microsatellites (default settings)®?> and RepeatMasker.** tRNAs
were predicted by using tRNAscan-SE 1.3.3

Protein prediction and comparison. We used 2 algorithms,
Augustus 2.2.5% and SNAP (snap-2013-11-29),% to indepen-
dently predict proteins sets from our genome assembly. Of the
available training sets for SNAP, we had previously empirically
determined that the jewel wasp Nasonia vitripennis training
set was optimal for protein prediction from Dermatophagoides
pteronyssinus** and therefore we used this set. For Augustus,
we developed a training set based on the Sarcoptes scabiei pro-
tein dataset.* BUSCO 3.0.1*® was used to assess the genome
completeness. We used Orthovenn?2 for genome-level ortholog
prediction of the 6 mite species with available public proteomes,
with an E value of 1e-05 and an inflation of 1.5.5*

Phylogenetic tree analysis. Multiple sequences for each of
the genes were aligned by using MAFFT v5%. This result was
concatenated for analysis with MRBAYES?! and by maximum
likelihood using MEGA 7.28 In MRBAYES, the protein substi-
tution model was set to Jones and run until the convergence
was less than 0.01. D. melanogaster was set as the outgroup. In
MEGA, the protein substitution Jones—Taylor-Thornton matrix
was used, and 100 bootstraps were done.

Sequence searches. To determine whether our predicted
protein set contained any candidate allergen homologs, we
downloaded the amino acid sequences of the official list of
allergens from the dust mite D. pteronyssinus (www.allergen.
org)*® and used BLAST? to query these sequences against our
predicted protein set in M. musculinus and against that of the
most closely related mite, S. scabiei. A protein was considered
to be a candidate allergen homolog when it contained at least
50% sequence identity to a known D. pteronyssinus allergen, an
accepted cutoff used in the allergen community.'® We then con-
ducted a BLAST search against the Uniref90 database (https:/ /
www.uniprot.org/downloads to annotate the M. musculinus-
specific set of 215 proteins described in the results.!? The (DNA
repeat was annotated by using RNAmmer.?” From this rDNA
repeat, the 185 (OP361390), 28S (OP361389), and the ITS1-5.85-
ITS2 (OP361388) regions were submitted to Genbank with the
identifiers noted.

Results

Assembly statistics and gene content. Our source for the
M. musculinus metagenome was DNA from a mouse fur pluck.
Assuming that this sample was primarily mouse DNA, we first
filtered out the reads from this sample with the standard mm10
mouse genome assembly from C57BL/6. We thought an addi-
tional filter would be useful, so we chose 3 from the Welcome
Sanger Institute that represented commonly used mouse
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genomes. This strategy removed a few percent more of the
reads, leaving us with a collection of 13,110,845 reads from the
original set of 113,349,552 paired-end reads, so approximately
10% of the reads could not be assigned to any mouse genome
and thus represented our initial dataset. From this dataset, we
assembled a metagenome of 66 Mb containing 14,487 contigs
greater than 300 bp with an N50 of 10.4 kb, thus representing
59.5x genome coverage. The GC content of this dataset was
29.83%, comparable to other related Astigmata mites, S. scabiei
(33.3%), D. pteronyssinus (29.03%), and Dermatophagoides farina
(30.8%). Two major questions that we considered were the com-
pleteness of the metagenome and its accurate genus and species
identification. We addressed these issues in several ways. We
performed a BUSCO analysis by using the conserved ortholog
set for arthropods, bacteria, fungi, and vertebrates and for the
3 related mites, all derived from monoinfested colonies. We
found that 92% of the arthropod BUSCO conserved ortholog
dataset was identified in our metagenome of M. musculinus, and
the conserved ortholog profile of the other datasets was similar
to those of the other mites analyzed (Table 1). Thus, the com-
pleteness of our metagenome is comparable to those of 3 other
mites that were derived from pure cultures. We used 2 tools
to compile a set of predicted proteins for our metagenome.
Augustus predicted 11,818 proteins whereas SNAP predicted
17,466 proteins. Combined, these 2 datasets had an overlap of
9,839 total predicted proteins in common. The merged, final set
contained 13,481 unique proteins of at least 100 amino acids
(Supplementary Table S1).

Phylogenetic placement. For a more definitive placement
of our metagenome, we did a phylogenetic analysis. A set of
10 ribosomal proteins, each in a one-to-one orthologous relation-
ship with no paralogs in the species used, was identified for each
of the following organisms: the dust mites D. pteronyssinus*
and D. farinae;? scabies mite, Sarcoptes scabiei;>374¢ spider mite,
Tetranychus urticae;'® and deer tick, Ixodes scapularis.'®*1 We
included these organisms because the available and complete
mite genomes were publicly available and had predicted protein
datasets. We used the water flea Daphnia pulex® and fruit fly
D. melanogaster! used as nonmite outgroups. As can be seen in
Figure 1, our set of genes is clearly within the Astigmata clade
containing S. scabiei and both Dermatophagoides species.

Mitochondrial genome, rRNA, tRNA, and repetitive elements.
The completeness of the M. musculinus mitochondrial genome
and rRNA repeat suggested the robustness of our metage-
nome. We found an intact mitochondrial genome of 13,692
bp as a single contig. This contig had 99% to 100% sequence
identity to all M. musculinus mitochondrial sequences in Gen-
bank. The mitochondrial genome of S. scabiei was 13,667 bp
(NCO031334.1). A comparison of the gene content is shown in
Figure 2. Genes missing from the M. musculinus mitochondrial

Table 1. BUSCO analysis of Astigmata mite genomes

% of genes in each
genome analyzed

Genome analyzed  Arthropods Bacteria Fungi Vertebrates
M. musculinus 92.0 18.9 78.9 39.2
S. scabiei 89.7 8.7 68.9 34.8
D. pteronyssinus 88.7 43.9 72.4 40.6
D. farina 86.7 68.2 73.4 34.0

Percentage of genes in each category that are found in each
genome analyzed. Total genes in ach BUSCO set of single-copy
conserved orthologs: Arthropods; 1066 genes, Bacteria; 148 genes,
Fungi; 290 genes, Vertebrates; 2586 genes.

Draft genome for Myocoptes musculinus

genome are trnA, trnR, and OL; genes missing from the S. scabiei
mitochondrial genome are trnK, OL, trnA, trnF, trnY, and atp8;
and genes missing from the D. pteronyssinus mitochondrial
genome (NCO012218.1) are trnA, trnR, and OL. All other mito-
chondrial genes annotated are present in all 3 genomes. A list
of Acariformes mitochondrial genome annotations is provided
in Supplementary Table S2.

We identified an intact rRNA sequence of 7440 bp that
had 100% sequence identity to the 285 (KT384412.1) and 18S
(KT38411.1) sequences in Genbank, and to the 5.8S region
(Figure 3). tRNAscan found 63 tRNA transcripts within the M.
musculinus genome, whereas the S. scabiei genome contained 66.
RepeatMasker determined a repeat content of 11.0%, primarily
simple and low complexity repeats, in our mite metagenome,
whereas S. scabiei had 6.34% repeat content. MISA predicted
139,090 simple sequence repeats, a relatively high level of 2094
per megabase, a similar level to that in S. scabiei and D. farina
(more than 2500 per megabase) and much higher than in other
mites that have been examined (fewer than 500 per megabase).*

Proteomic comparison to other mite genomes. We compared
the predicted proteome of M. musculinus with those of several
closely related mites to identify candidate Myocoptes-specific
genes. This is of interest in terms of developing new tools for the
identification of M. musculinus in research and clinical labora-
tory settings. We used the OrthoVenn?2 tool and input predicted
proteomes from our metagenome; the closely related Astigmata
mite genomes from S. scabiei, D. farina, D. pteronyssinus; and 2
outgroups, I. scapulus and T. urticae to identify candidate genes
conserved within subgroups of these mites and unique to each
organism (Figure 4). This process resulted in the identification
of 215 clusters of gene families that are potentially unique to
the Myocoptes lineage. A total of 130 of the M. musculinus pro-
teins within these clusters matched at least one protein in the
UniRef90 database with an E value of 1e-05 or lower. Supple-
mentary Table S3 contains a representative M. musculinus gene
and UniRef annotation from each cluster.

Identification of candidate allergen homologs in M. musculinus.
Two of the mites most closely related to M. musculinus—
D. pteronyssinus and D. farinae—are also 2 of the most common
dust mites known to cause human allergic reactions.>® We
therefore examined whether our metagenome contained any
candidate allergen genes. We determined candidate allergen
genes from S. scabiei by using as a query the set of official D.
pteronyssinus allergen genes (allergen.org; Table 2) We also found
that our M. musculinus metagenome has a complement of al-
lergens that is very similar to that of S. scabiei: of the 20 potential
allergens identified in M. musculinus (Supplementary Table S4),
16 are also presentin S. scabiei. Arecent S. scabiei genome report
identified 22 allergen genes in S. scabiei that were not present
in other closely related mites.” Using BLAST at a threshold
of 50% sequence identity, we found only one of these genes
(KPM11750.1) in our M. musculinus predicted proteome. Using
the same threshold, we found all but 3 (AY333085.1, AY333080.1,
AY333073.1) of these S. scabiei-specific allergens in the S. scabiei
protein set of our proteomic comparison.

Discussion

Several lines of evidence suggest that our metagenome for
the mite M. musculinus has a high level of completeness. Our
phylogenetic analysis places the M. musculinus metagenome
clearly in the Astigmata suborder. Our analysis was not meant
to resolve the difficult questions inherent to mite classification
that we mentioned in the Introduction, because it was limited
to a small number of genes in the few mite genomes that were

http://prime-pdf-watermark.prime-prod.pubfactory.com?7| 2025-02-25



Vol 99, No 99
Journal of the American Association for Laboratory Animal Science
Month 2023

A 100

|8

100

— Dermatophagoides pteronyssinus (dust mite)
——— Dermatophagoides farina (dust mite)

Sarcoptes scabiei (scabies mite)

Myocoptes musculinus metagenome

Tetranychus urticae (spider mite)

Ixodes scapularis (deer tick)

100

Drosophila melanogaster (fruit fly)

Daphnia pulex (water flea)

005D
B
o6 Myocoptes musculinus metagenome
. Saroptes scabiei
o0 wo Dermatophagoides pteronyssinus (dust mite)
Dermatophagoides farinae (dust mite)
100
Tetranychus urticae (spider mite)
Ixodes scapularis (deer tick)
Drosophila melanogaster (fruit fly)
Daphnia pulex (water flea)
0.0

Figure 1. (A) The multiple-sequence alignment of the concatenated ribosomal proteins was input into MEGA?7, and a maximum likelihood
tree was constructed. The values at the nodes are bootstrapping values. Branch lengths are measured as the number of substitutions per site.
(B) Using MRBAYES yielded a nearly identical tree. The posterior probabilities are indicated at the nodes. Branch lengths are measured as the

number of substitutions per site.

available to us. Our analysis was designed only to help confirm
the identity of our metagenome as M. musculinus.

The BUSCO analysis showed that the level of arthropod-
specific genes in our metagenome is comparable to the genomes
of mites derived from pure cultures. We recovered a nearly intact
mitochondrial genome as a single contig, with a gene comple-
ment very similar to the mitochondrial genomes of related mites
(Figure 2) and near-perfect identity to M. musculinus mitochon-
drial sequences in Genbank. In addition, the rDNA repeat unit
is represented as a single contig of 7740 bp containing the 55,
18S, and 28S genes with the ITS regions (Figure 3). Given these
results, we conclude that we have assembled a metagenome
for M. musculinus.

Asnoted in the Introduction, PCR assays based on sequences
within the rDNA repeat may not always have specificity to the
species level. Genomic resources for any species of Myocoptes
are scarce in publicly available collections. The immediate

value of a complete genomic sequence likely is that it enables
the development of new diagnostic PCR tests for M. musculinus
contamination that target other regions of the genome that
may truly be species-specific. One recent example is the de-
velopment of PCR tests for the SARS-CoV-2 virus: within 1
mo of the release of the genomic sequence to Genbank, the
CDC developed tests to distinguish SARS-CoV-2 from other
closely related coronaviruses”? . Ultimately, the best molecular
diagnostic tool for the detection of infectious organisms may
be their own genomes. Using next-generation sequencing to
identify infectious agents is already possible for the bacterial
realm.”#0 Published mite genomes are only 10 to 20 times larger
than bacterial genomes; our metagenome is 66 Mb compared
with 5+ Mb of most pathogenic E. coli strains, so as sequenc-
ing costs drop, the type of sequencing we describe here may
become cost effective for use as a general tool. The availability
of genomes of other murine ectoparasites would help to fulfill
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Figure 2. The mitochondrial (mt) genomes of M. musculinus, S. scabiei, and D. pteronyssinus were analyzed by using MITOS."® (A) Graphical
representation of the gene content of the M. musculinus mt genome (13,962 bp). (B) Gene content of the S. scabiei mt genome (13,667 bp). (C) Gene
content of the D. pteronyssinus mt genome (13,962 bp). In each case, the identities of the protein-coding genes and rRNA genes and color coding
of the features are shown. Supplementary Table S2 details the complete gene content in tabular form.
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Figure 3. The positions of the major rRNA products of the IDNA repeat are noted in blue. Above the figure (in red) are the positions of known
rRNA sequences from M. musculinus sequences currently available in Genbank.

the potential of these approaches. This availability would be
valuable for molecular diagnostics that are based on PCR tech-
nology, because it would support the in-silico design of PCR
primers with greater specificity and the ability to distinguish
between ectoparasite genomes.

A complete genome is valuable for improving the design
of PCR assays based on elements of the rDNA repeat,. Given
that rDNA is a repeated feature in most eukaryotic genomes,
sequence reads of rDNA are over-represented in any sequenc-
ing project. This situation means that the assembly of an intact
rDNA repeat requires less sequencing effort than would a full
organismal genome. Therefore even genomic survey sequencing
(i.e., lower depth of reads than are necessary for a draft genome)
of related Myocoptes species or of related murine ectoparasites
likely would be sulfficient for the assembly of an intact or nearly
intact rDNA repeat, such as we have done with a more complete
genome. The utility of this resource would be in the design of
more species-specific primers for diagnostic PCR assays.%” For
example, the comparison of our 7740-bp rRNA element with
the 4 rDNA sequences from M. musculinus available in Genbank
(Figure 3) reveals that we have considerably extended the search
space for the development of new PCR primers to include ITS1,
ITS2, and the 5.85 rRNA.

Our proteomic comparison identifying M. musculinus-spe-
cific genes could be a good starting point for the development
of improved molecular diagnostics. The collection of 215 gene
families defined as unique to M. musculinus is dependent on
the proteomes with which ours was compared. The collection
does not distinguish between the various Myocoptes species,
for example. Any of these genes could be found in multiple
Myocoptes spp., or in all. Better genomic characterization of
genomes of other Myocoptes spp., and other related murine
ectoparasites would allow us to refine this set of genes into
to a smaller set of truly species-specific M. musculinus genes
that could be most valuable for a diagnostic PCR assay. The
85 gene families with no annotation might represent the best
candidates for PCR assay development as some subset of these
could actually represent mite-specific genes.

A complete genome has additional biologic value in and
of itself. For example, we studied the allergen-related gene
component of our metagenome, which is very similar to the
complement of allergen-related genes of S. scabiei, which is the
most closely related mite to M. musculinus that is not a house-
dust mite responsible for common allergies. In house-dust
mites, the group 1 and 2 allergens have the highest rates of
sensitization® and the broadest level of IgE reactivity in hu-
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Figure 4. The predicted proteomes of our M. musculinus metagenome, along with D. farinae, D. pteronnysinus, S. scabeie, T. urticus, and I. scapularis,
were input into Orthovenn2. The numbers indicate the number of conserved gene families within each region of the diagram.

Table 2. Candidate allergens in M. musculinus

Allergen ID Function M. musculinus 1D %ID S. scabiei 1D %ID
Der p 3 Trypsin MUSC_06977 50.57
Der p 4 Alpha-amylase MUSC_03488 72.43
Der p 8 Glutathione S-transferase MUSC_07635 66.36 KPM11587.1 65.44
Der p 10 Tropomyosin MUSC_05430 96.3 KPM09025.1 97.55
Der p 11 Paramyosin MUSC_01749 94.88 KPMO04483.1 94.43
Der p 13 Cytosolic fatty acid binding protein MUSC_08973 90.08 KPM07763.1 89.84
Der p 14 Apolipophorin KPM11048.1 58.97
Der p 15 Chitinase-like protein MUSC_03198 80.65
Der p 18 Chitin-binding protein MUSC_04343 62.19
Der p 20 Arginine kinase MUSC_02266 91.57 KPMO07362.1 90.17
Der p 24 Ubiquinol-cytochrome ¢ reductase MUSC_09186 71.19 KPM06595.1 93.22
binding protein
Der p 25 Triosphosphate isomerase MUSC_06740 73.45 KPM10468.1 80.57
Der p 26 Myosin light chain MUSC_08521 93.12 KPMO03769.1 98.75
Der p 28 Heat shock protein 70 MUSC_02578 95.92 KPMO03927.1 80.1
Der p 29 Cyclophilin MUSC_07139 77.56 KPM10308.1 85
Der p 30 Ferritin MUSC_11869 86.63 KPMO04725.1 83.24
Der p 31 Cofilin MUSC_08732 97.96 KPMO08623.1 97.3
Der p 32 inorganic pyrophosphatase MUSC_04908 67.01 KPM05552.1 68.37
Der p 33 a-tubulin MUSC_04425 84.9 KPM02536.1 82.61
Der p 39 Troponin C MUSC_08614 98.04 KPM08126.1 98.04
Der p 40 Thioredoxin like protein MUSC_01637 69.52 KPMO09467.1 70.87

The list of allergens from D. pteronyssinus and their functions, if known, and the gene ID and percentage identity of their closest
homologs in M. musculinus and S. scabiei. A threshold of 50% sequence identity to the known D. pteronyssinus allergen protein was

used as a cutoff.
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man patients. Both our metagenome and the S. scabiei genome
appear to lack these 2 major allergen proteins, which could
account in part for their lack of allergenicity in humans. In
addition, our M. musculinus metagenome lacks most of the
S. scabiei-specific allergen genes, suggesting that the allergenic
potential for M. musculinus in humans would be even lower
than that of S. scabiei. However, M. musculinus infestations can
cause severe dermatitis in mice, indicating allergens to which
rodents are likely sensitized.
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