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Blueprint for the House Dust Mite
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Why would you want to sequence the house dust mite
genome? Randall et al. [1] help explain this in an analysis
of their assembly of the genomic sequence of Derma-
tophagoides pteronyssinus. The assembly, also reported by
Waldron et al. [2], in fact follows those for D. farinae 3]
and the closely related Euroglyphus maynei [4], but for the
first time attention is directed to the issues that are im-
portant for allergy research, going beyond being a tool for
the verification of newly discovered allergens. The com-
pleteness of the coverage of a genome assembly is a criti-
cal starting point for all genomic projects so considerable
attention is given to the sequencing metrics, which
showed high indicators of success. The genome length of
52.5 Mb encoding a predicted 19,368 proteins was similar
to that found for D. farinae (53.5 Mb) and scabies (56.2
Mb) [5], although somewhat different to the 70.7 Mb
found for E. maynei, indicating that further resolution is
required. Despite the gross morphological difference of
E. maynei from the 2 Dermatophagoides species, the se-
quences of the allergens of E. maynei have shown only the
same disparity from Dermatophagoides sp. as that found
between D. farinae and D. pteronyssinus. Therefore, if the
difference is confirmed by continued analysis, it would be
of major evolutionary significance. As expounded by Rid-
er et al. [4], the original appraisals of completeness of the
genome assemblies of the Acari were low but these were
based on evolutionary expectations for the presence of
different types of genes found in other arthropods and in
particular mainly in insects. Now that a number of di-

verse acarid genome assemblies have been obtained for
comparison it has been possible to appreciate their con-
sistency and their completeness.

The D. pteronyssinus genomic sequence was found to
contain all of the sequences for allergens registered in the
WHO/IUIS allergen nomenclature subcommittee data-
base as well as the homologues of all of the sequences en-
tered into the database for D. farinae except for the EF-
hand calcium-binding protein Der { 17, for which there is
no recorded molecular information. It was similarly left
unassigned by Chan et al. [3] for D. farinae. The homo-
logues include those of the newly described Der f 24-34
allergens that were mostly identified in proteomic screens
in China and have yet to be assessed for their IgE binding
by gravimetric estimates or by titrations compared to the
serodominant group 1 and 2 allergens. The ability to
make recombinant D. pteronyssinus homologues of these
components from the information in the genome not
only opens up these investigations to studies in the many
more regions where people are substantively or almost
exclusively sensitized by D. pteronyssinus, but also to the
possibility that investigators in these regions are more in-
terested in making authenticable assessments. The T-cell
responses of house dust mite-allergic subjects from Eu-
rope and America made to peptides representing predict-
ed epitopes of many of these proteins showed that they
did not induce substantive T-cell responses compared to
the responses induced by the high IgE-binding compo-
nents authenticated earlier with quantitative analyses [6],

© 2018 S. Karger AG, Basel

KARGER

E-Mail karger@karger.com
www.karger.com/iaa

Correspondence to: Prof. Wayne R. Thomas

Telethon Kids Institute, University of Western Australia
PO Box 855

West Perth, WA 6872 (Australia)

E-Mail wayne.thomas @ telethonkids.org.au



so there are questions to be resolved especially on the size
and consistency of the responses and possible environ-
mental influences and cross-reactivities.

The dominant allergens of the grass [7, 8], ragweed [9],
and birch [10] pollens belong to gene families that might
be an important determinant for their prevalent and high
immune reactivity. The production of proteins from sev-
eral related genes would not only allow more protein to
be produced, and perhaps in different circumstances, but
also facilitate binding to a wide range of the antigen-pre-
senting major histocompatibility molecules. The house
dust mite genomes show unequivocally that the serodom-
inant group 1 and 2 allergens are produced from single
genes, although the genes for Der p 1 and Der f 1 were
both closely linked to another cysteine protease gene cod-
ing for a protein of about 50% amino acid identity [1, 3].
This is obviously a prime candidate for further study. The
recently discovered Der f 35, shown by quantitative anal-
ysis to have high IgE binding [11], is interestingly an ML-
domain protein like the group 2 allergens but, in keeping
with its overall disparate sequence, has little cross-reac-
tivity with its group 2 counterpart and is not genetically
linked for coordinated expression. The group 23 peritro-
phin-like components can now be classed as serodomi-
nant because of their high prevalence of IgE binding [12-
14], and from their chitin-binding sequence motifs were
shown to be members of large families. D. pteronyssinus
had a family of 48 chitin-binding domain proteins with
the Der p 23 gene linked to genes coding for 5 of these
proteins, and there were 47 such chitin-binding domain
homologues for D. farinae, although only 3 were linked
to that for Der f 23 [1]. As recorded in GenBank, there
have been a large number of allelic variants reported for
Der {23, with 1 showing a large insertion of a possible o-
glycosylation (threonine, serine, proline-rich) domain
and these might induce different specificities of IgE anti-
bodies with different affinities to the group 23 proteins.
Gene families thus might have some importance in the
response to the group 23 allergens, which might be sig-
nificant in the variation of titers reported in the sera of
subjects from different geographical regions [14]. They
can now be definitively studied with information from
the genome.

Of the 4 mid-tier allergens known to make important
contributions to the overall size of IgE responses of most
patients, there is only 1 copy of the genes for the group 7
components and there are no further members of the
group 5 and 21 allergens that are both homologous to and
genetically closely linked to each other. Groups 5 and 21
are interesting from an evolutionary perspective because
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the mature proteins show a low (26%) degree of sequence
identity with each other, but they each have about 40%
identity to the important group 5 allergen of Blomia tro-
picalis. Der p 21, but not Der p 5, is a significant source of
IgE cross-reactivity between the species [15]. The other
allergen components recognized as showing mid-tier IgE
binding are the group 4 amylases. As found and high-
lighted by Randall et al. [1], and as reported in abstract
form from the genomic study by Mills et al. [16], D. pter-
onyssinus, like many organisms, has a second adjacent
amylase gene. Its sequence, however, as found in the D.
pteronyssinus genome and by Mills et al. [16], has a trun-
cated leader sequence and a large degree of sequence dis-
parity from Der p 4 at the C-terminal that includes the
absence of 4 cysteines for disulphide bonds that are high-
ly conserved in the amylases of many species. The genom-
ic sequence for this gene in D. farinae [3] has the trun-
cated leader sequence but retains the conserved cysteines,
indicating a region of divergence between the species and
a greater possibility that it is expressed by the mite and is
stable. Given that, as a mid-tier allergen, Der p 4 might be
an important constituent of formulations for immuno-
therapy and diagnosis, the product of the second gene
with its 70% sequence identity warrants further investiga-
tion.

The amylases are also important because scabies-in-
fected and previously exposed subjects have been found
to produce high titers of IgE binding to Der p 4 and to Der
p 20 in the absence of IgE antibodies to the serodominant
house dust mite allergens. These components might ac-
cordingly be able to identify confounding reactions to
skin prick tests and IgE binding due to the previous and
current scabies infections, which are highly prevalent in
regions of low income and amongst immigrants and ref-
ugees [17]. The Der p 20 arginine kinase is well known for
its abundance in mite bodies and its propensity for IgE
cross-reactivities because of its highly conserved primary
structure. The Der p 4 amylase cross-reactivity, however,
has become a conundrum because the several genome se-
quences of scabies [5, 18] have shown the notable absence
of an amylase gene and no genes for proteins that would
be expected to be highly cross-reactive. The induction of
antiamylase antibodies by scabies has also been found fol-
lowing the experimental infection of pigs [19], so perhaps
the response could be to an amylase of a commensal mi-
croorganism. Since the reactivity in pigs could be detect-
ed with bacterial and house fly amylases, it might also be
due to interactions with 1 of the organisms of the skin
lesions. Another possibility is a cross-reactivity with au-
toantibodies found after scabies infestations [20]. What-
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ever the cause, this is a good example of the definitive
information and questions that the genome sequence has
produced. Indeed, investigators had been unsuccessfully
scouring expressed sequence tag data for scabies for amy-
lase transcripts.

In further bounty for the aficionado, it is noted that
there was only 1 gene for the large lipid-binding protein
Der p 14 and no closely related homologues. IgE binding
to Der p 14 and a small group of other apparently minor
IgE-binding proteins has been associated with an addi-
tional propensity of house dust mite-allergic children to
develop asthma [21], and it has also been found to be one
of the most stimulatory allergens as assessed by the T-cell
epitope study by Oseroft et al. [6]. Antibodies produced
to recombinant Der p 14 have not only revealed the pres-
ence of a Der p 14-like molecule in house dust mite eggs,
which would be expected to be a vitellogenin known to
belong to this type of protein, but also a protein in the
bodies of male mites that correspond to the related lipid
transporter apolipophorin [22]. The information reveal-
ing a single gene shows that 1 molecule is performing
both functions, as also described for the crab, and that is
all that is needed for the recombinant formulations.

Randall et al. [1] noted that their assembly for D. pter-
onyssinus revealed the full sequence of the gene of the Der
p 4 amylase allergen. To elaborate, the mRNA sequence
in the GenBank lacked the leader and the short proen-
zyme sequences, which can be critical for recombinant
protein production, and was provided from the genome.
The production of recombinant Der p 4 and other amy-
lases in Escherichia coli hosts does not produce an enzy-
matically active protein, but it could be produced as an
active enzyme by the yeast Pichia pastoris, although with
a low yield curtailing the investigations planned for this
allergen. From the experience reported for other amylas-
es this can be done with a better yield from the proenzyme
[23] and, as discussed above, would be a priority for mo-
lecular diagnosis. The genome assembly also provided
similar information lacking from the Der p 14 cDNA se-
quence. The 1650 amino acid allergen is highly suscepti-
ble to proteolysis as a natural protein and, to date, has
only been represented by recombinant peptides in IgE
assays, meaning an effective recombinant expression sys-
tem for the whole molecule is sorely needed. Knowledge
of the introns can also help the production of recombi-
nant proteins with constructs with introns being ex-
pressed at higher levels in mammalian and insect cells
and yeast than intron-less constructs, with a 23-fold im-
provement being reported [24]. This could not only be
important for allergens with a poor quantity and quality,
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such as Der p 11 and 14, but also for all other allergens for
industrial-level production in eukaryotic systems. From
these examples, the assembly will contain a wealth of in-
formation to be mined for recombinant expression not
only by microorganisms, but also from transgenic hosts.

From the products being licensed for immunotherapy,
it appears that the practice of using house dust mite ex-
tracts in lieu of the development of standardized formula-
tions of allergen components will be supported for many
years. Such extracts vary enormously even in the concen-
trations of the long-recognized major components Der p
1 and 2, and often lack other IgE-binding proteins [25].
High-resolution and accurate mass spectrometry is find-
ing considerable application in measuring the protein
constituents of these complex mixtures [26]. The quanti-
tative technology depends on a comparison of the amount
of a marker peptide from the constituent being measured
compared with a reference peptide synthesized with the
same sequence but with heavy amino acid isotopes. The
comprehensive sequences now provided in the genome
will allow a full audit of different extracts which, when
compared to their efficacy for diagnosis and therapy,
could provide telling information for the requirements
for different components. Mass spectrometry linked to a
database of all the protein sequences encoded in the ge-
nome can also be a discovery tool to ascertain the distri-
bution of house dust mite products in the environment,
especially in inhalable air. Little is known about which
house dust mite products are inhaled. It is thought, al-
though with little evidence, that there could be a large
contribution from proteins distributed in the feces com-
pared to proteins from decaying body components, but
there might also be novel sources such eggs. Comparisons
of the inhaled house dust mite components that do and
do not induce IgE antibodies could be very informative
for the quest to find characteristics that are linked to al-
lergenicity or to nonallergenic immunoregulatory path-
ways. The comparisons would extend from concentra-
tion and stability [27] through to the propensity to inter-
act with the different elements of the innate immune
system [28]. Currently, there is almost no information on
proteins that are in inhalable air besides that gleaned for
Der p 1 by monoclonal antibody assays, but this has been
highly instructive in showing that nasal filters and per-
sonal monitors can collect enough protein to measure
and to provide baseline information on Der p 1 for a ret-
erence [29]. From measuring T-cell responses to peptides
representing the epitopes of allergens and other proteins
represented in the mite transcriptome, there is evidence
that quite a few nonallergenic proteins induce T-cell re-
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sponses in humans [6]. Therefore, these can now be stud-
ied comprehensively and be extended by studying re-
sponses to proteins known to be in the inhalable air at
known doses.

The genomic sequences that have become available for
several different mite species and their evolutionary rela-
tionships provide a valuable resource for understanding
many aspects of mite biology and for understanding their
growth and development, as well as for research into bio-
logical control. Randall et al. [1] now provide the first
analysis of the genomic organization of the house dust
mite as it affects our knowledge of allergens. The advanc-
es have come in tandem with other big data on the tran-
scriptome [3, 6, 30] and proteome [30], noting that both
these depend on growth conditions and can now be ref-
erenced to the genome data. Although not so up-scalable,
the implementation and refinement of megapool peptide
techniques for comparing T-cell responses to large as-
semblies of house dust mite proteins provides a powerful
tool with which to interrogate the interactions of mite

proteins with the human immune system [6], as does the
systematic production of recombinant proteins for serol-
ogy. The time for comprehensive investigations of aller-
gic and nonallergic responses to house dust mite proteins
at the molecular level has now well and truly arrived. It
carries not only the promise of gaining new insights from
a new perspective, but also for them to be underpinned
by precise and reproducible data obtained with known
amounts of defined reagents. The genomes of storage and
related mites are, however, yet to come, especially of B.
tropicalis, which not only causes a high prevalence of al-
lergy in highly populous tropical and subtropical coun-
tries, but does so by inducing responses to a different pro-
file of allergenic components [31].
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