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Abstract Mites are known causes of allergic diseases. Currently, identification of mites

based on morphology is difficult if only one mite is isolated from a (dust) sample, or when

only one gender is found, or when the specimen is not intact especially with the loss of the

legs. The purpose of this study was to use polymerase chain reaction–restriction fragment

length polymorphism (PCR–RFLP) of the ITS2 gene, to complement the morphological

data for the identification of mites to the species level. For this, six species were cultured:

Dermatophagoides pteronyssinus, D. farinae, Blomia tropicalis, Tyrophagus putrescen-
tiae, Aleuroglyphus ovatus and Glycycometus malaysiensis. Genomic DNA of the mites

was extracted, quantified, amplified and digested individually with restriction enzymes.

Hinf I and Ple I differentiated the restriction patterns of D. pteronyssinus and D. farinae.

Bfa I and Alu I enzymes differentiated B. tropicalis and G. malaysiensis. Ple I enzyme was

useful for the differentiation between T. putrescentiae and A. ovatus. Bfa I was useful for

the differentiation of G. malaysiensis from the rest of the species. In conclusion, different

species of mites can be differentiated using PCR–RFLP of ITS2 region. With the estab-

lished PCR–RFLP method in this study, identification of these mites to the species level is

possible even if complete and intact adult specimens of both sexes are not available. As no

study to date has reported PCR–RFLP method for the identification of domestic mites, the

established method should be validated for the identification of other species of mites that

were not included in this study.
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Introduction

Mites found in human premises can generally be grouped into house dust mites and storage

mites. House dust mites (Dermatophagoides farinae, D. pteronyssinus and Blomia tropi-
calis) consume human epidermal scales, animal dander, trace nutrients, fungi, bacteria and

pollen. They are found in carpets, fabrics, upholstery, pillows and mattresses (Nadchatram

2005). Blomia tropicalis, was formerly known as a storage dust mite, but is now also accepted

as a house dust mite as it is found extensively in dust from homes in tropical and subtropical

countries (Bronswijk et al. 1974; Tsai et al. 1998; Chew et al. 1999; Mariana et al. 2000).

Storage mites include Glycyphagus domesticus, Lepidoglyphus destructor, Blomia
kulagini, Tyrophagus putrescentiae, Acarus siro, Suidesia pontifica, Glycycometus ma-
laysiensis, Aleuroglyphus ovatus and Thyreophagus entomophagus. Storage mites are

commonly found in storage facilities for grains such as wheat, corn, oats, barley and hay

(Hage-Hamsten and Johansson 1992; Arlian and Morgan 2003; Palyvos et al. 2008). They

may contaminate or invade and thrive in processed foods made from the grains (e.g., flour,

cereals and baking mixes) when these products become moist or are stored in humid

environments (Arlian and Morgan 2003).

Currently, the gold standard for the identification of mites is mainly based on the mor-

phological characters of mature and immature stages. Mites can be identified based on

differences between related species and unique characters of a particular taxon which may

include morphology and other characteristics such as behaviour, ecology, biochemistry, gene

and protein sequences, and biogeography (Colloff 2009). Identification of mites to species

level may contribute to improved management of mite associated allergies as they produce

species-specific allergens (Colloff 2009). There are several drawbacks when morphology

is solely used for the identification of mites. Sibling species such as D. farinae and

D. microceras are morphologically very similar and are difficult to distinguish (Colloff

2009). Consequently, sibling species are often misidentified. As for Acarus and Tyrophagus
species, they are complex and are morphologically very similar to each other, leading to some

uncertainty during the differentiation of these two genera (Colloff 2009). Experienced

acarologists can usually identify a legless, not intact or distorted adult mite in the dust

samples to species without much difficulty (Colloff and Spieksma 1992). However, those less

well trained in taxonomy may find it difficult to identify immature mites to the species level.

Molecular tools have been widely used for the identification of various organisms to the

species level. The nucleotide sequences of highly conserved regions of ribosomal DNA

(18S rDNA, 5.8S rDNA and 28S rDNA), mitochondrial genes (cytochrome oxidase, 12S

and 16S rDNA), and internal transcribed spacer regions (ITS1 and ITS2) have been rou-

tinely used for the identification and phylogenetic study (Cruickshank 2002). Can

molecular techniques such as polymerase chain reaction-restriction fragment length

polymorphism (PCR–RFLP) complement the morphological data for the identification of

domestic mites? This study aims to identify D. pteronyssinus, D. farinae, B. tropicalis,

T. putrescentiae and G. malaysiensis based on RFLP of the amplified ITS2 region.

Materials and methods

Culture of mites

Laboratory colonies of mites were maintained in a culture medium (fish flakes; TetraMin

Crisps, Germany) at 25�C and 75% relative humidity. Routine sampling of the mites from

Exp Appl Acarol

123



the culture flasks to detect for cross-contamination was performed by microscopic

examination of the mites mounted in Hoyer’s medium.

Extraction of mite DNA

The mite cultures were harvested with a heat escape method. The mites were resuspended

in phosphate buffered saline (PBS) and were homogenized with Microsmash (Tomy,

Japan) in the presence of glass beads (1.0 mm diameter; Tomy, Japan) at 5,000 rpm for

15 s. The homogenate was cooled at -80�C for 3 min before subjected to further

homogenization for 9 cycles. Genomic DNA was extracted with a Qiagen DNeasy tissue

kit (Qiagen, Germany) according to the manufacturer’s instruction. Purity and concen-

tration of the DNA were determined using a spectrophotometer (Microplate reader Infinite

F200, Germany) at 260 and 280 nm wavelength. Pure DNA has an A260/A280 ratio of

1.8–2.0. The extracted DNA was either used directly as a template for PCR amplification

or stored at -20�C.

Polymerase chain reaction–restriction fragment length polymorphism (PCR–RFLP)

The DNA (2 ng) obtained was amplified in a final volume of 50 ll of PCR mixtures

containing 25 ll of Taq Master Mix (Qiagen, Germany), 0.25 ll of ITS2 forward primer

(100 lM), 0.25 ll of ITS2 reverse primer (100 lM) and 23.5 ll of ultra-pure water. The

ITS2 forward and reverse sequences were 50 CGACTTTCGAACGCATATTGC 30 and 50

GCTTAAATTCAGGGGGTAATCTCG 30, respectively (Sigma–Aldrich, USA) (Noge

et al. 2005). The DNA template was substituted with sterile ultra-pure water for the

negative control. The reaction mixtures were subjected to 25 cycles of amplification at

94�C for 2 min, followed by 94�C for 30 s, 56�C for 30 s and 72�C for 50 s, using a PCR

machine (Thermal Cycler-100, MJ Research, USA).

PCR products were analyzed by size fractionation using 1% agarose gels stained with

1 ll of ethidium bromide (10 mg/ml) in TBE buffer (89 mM Tris–borate, 89 mM boric

acid and 2 mM EDTA) with an electrophoresis apparatus (Mini Sub-Cell GT, Bio-Rad,

USA) at 80 V for 45 min (Sambrook and Russel 2001). Finally, the gel was visualized by a

gel documentation system (Biovision, USA) and photographed with Biovision 1000 super-

bright transilluminator software.

PCR products (8 ll each) were digested individually with restriction enzymes Hae III

(10 U), Bfa I (5 U), Dde I (10 U), Alu I (10 U), Hinf I (10 U), Ple I (5 U), Xho I (20 U)

and Taq I (20 U) obtained from New England Biolabs (UK). The mixtures were in a total

volume of 20 ll each and incubated overnight at 37�C (with the exception for Taq I at

65�C). For Xho I and Taq I, 19 BSA (2 ll) were added in replacement of 2 ll of ultra-

pure water.

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS–PAGE)

The resulting restriction fragments were separated with SDS–PAGE using Bio-Rad Mini

PROTEAN Tetra (USA) at a constant voltage of 80 V (Laemmli 1970). The resolving gel

contained final concentrations of 12% acrylamide, N,N’-methylene-bis-acrylamide,

0.375 M Tris–HCl (pH 8.8), 0.1% SDS, 0.05% TEMED and 0.05% ammonium persulfate

(APS). Electrophoresis was performed in the electrophoresis running buffer (pH 8.3). The
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gel was stained with ethidium bromide, visualized and photographed using gel docu-

mentation system (Biovision, USA).

Results

The ITS2 region for house dust mites (D. pteronyssinus, D. farinae and B. tropicalis) and

storage mites (T. putrescentiae, A. ovatus and G. malaysiensis) were successfully amplified

and the PCR products ranged from 260 to 490 bp (Fig. 1). The amplified products for T.
putrescentiae and A. ovatus were distinctive ([400 bp) from the rest of the species studied

here and hence can be easily distinguished from the rest with agaorse gel electrophoresis.

However, in the present study, the restrictive fragment length analysis for these was

included for reference.

SDS–PAGE analysis of the restriction fragments for these mites are shown in Figs. 2, 3,

4, 5, 6 and 7. Both D. pteronyssinus and D. farinae ITS2 regions were digested with Dde I,

Alu I and Taq I to produce 2–3 fragments (Figs. 2, 3). Fragments\100 bp were not clearly

visible. Dermatophagoides farinae PCR products were digested by Hinf I and Ple I (Fig. 3)

but not those of D. pteronyssinus. Therefore, enzymes Hinf I and Ple I can be selected for

differentiation of D. pteronyssinus from D. farinae.

Blomia tropicalis PCR products were digested by Dde I, Taq I, Hinf I and Ple I (Fig. 4).

PCR products for G. malaysiensis were digested by all the restriction enzymes into various

product sizes as listed in this study except for Hae III (Fig. 5). Only Bfa I, Alu I and Xho I

were able to digest G. malaysiensis but not B. tropicalis. Therefore, Bfa I, Alu I and Xho I

enzymes can be used to differentiate B. tropicalis and G. malaysiensis, since both belonged

to the same superfamily Glycyphagoidea.

All enzymes were able to digest ITS2 regions for T. putrescentiae to yield various

fragments of different sizes as listed (Fig. 6), except for Bfa I and Xho I. Similarly, for A.
ovatus all enzymes except Bfa I, Xho I and Ple I were able to digest the amplified PCR

   1           2           3           4          5           6            7           8       

1517 bp 

500/517 bp 

300 bp 

Fig. 1 The sizes of the amplified ITS2 regions for Dermatophagoides pteronyssinus (lane 3: 320 base
pairs), D. farinae (4: 330), Blomia tropicalis (5: 325), Glycycometus malaysiensis (6: 260), Tyrophagus
putrescentiae (7: 490) and Aleuroglyphus ovatus (8: 430). Lane 1 size marker, lane 2 negative control
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products (Fig. 7). Only enzyme Ple I was able to digest T. putrescentiae, but not A. ovatus.

Therefore, Ple I enzyme could be useful for the differentiation of T. putrescentiae and

A. ovatus, which belonged to the same superfamily Acaroidea. All amplified DNA frag-

ments were sent for sequencing, to verify that the inability of digestion of the products

was not due to experimental errors. DNA sequence alignment analysis showed that

      1         2         3      4          5         6         7          8          9          10

300 bp

100 bp

500 bp

1000 bp

Fig. 2 PCR–RFLP banding patterns for Dermatophagoides pteronyssinus after digestion with Hae III (lane
3: 320 base pairs), Bfa I (4: 320), Dde I (5: 240), Alu I (6: 210, 120), Hinf I (7: 320), Ple I (8: 320), Xho I
(9: 320) and Taq I (10: 280). Lane 1 size marker, lane 2 PCR (320 bp)

1           2            3           4           5            6 7          8            9          10

1000 bp

100 bp

300 bp

500 bp

Fig. 3 PCR–RFLP banding patterns for Dermatophagoides farinae after digestion with Hae III (lane 3: 330
base pairs), Bfa I (4: 330), Dde I (5: 250), Alu I (6: 220, 110), Hinf I (7: 180, 110), Ple I (8: 190, 150), Xho I
(9: 330) and Taq I (10: 150, 140). Lane 1 size marker, lane 2 PCR (330 bp)
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D. pteronyssinus had 98% sequence homology with D. pteronyssinus available in the

NCBI GenBank. Dermatophagoides farinae showed 95% similarity with D. farinae
sequences available in NCBI GenBank. Blomia tropicalis, T. putrescentiae and A. ovatus
showed 84, 89 and 86% sequence homology with their respective sequences available at

NCBI GenBank.

1           2            3           4        5 6 7          8            9          10

1000 bp

500 bp

300 bp

100 bp

Fig. 4 PCR–RFLP banding patterns for Blomia tropicalis after digestion with Hae III (lane 3: 325 base
pairs), Bfa I (4: 325), Dde I (5: 240), Taq I (6: 160, 120), Alu I (7: 325), Hinf I (8: 200, 90), Ple I (9: 190, 85)
and Xho I (10: 325). Lane 1 size marker, lane 2 PCR (325 bp)

1        2         3          4         5        6         7       8         9        10     

100 bp 

1000 bp 

500 bp 

300 bp 

Fig. 5 PCR–RFLP banding patterns for Glycycometus malaysiensis after digestion with Hae III (lane 3 260
base pairs), Bfa I (4: [260], 140, 110), Dde I (5: 195), Taq I (6: 200), Alu I (7: 140, 120), Hinf I (8: [260],
190, 90), Ple I (9: [260], 180, 95) and Xho I (10: 205, 50). Lane 1 size marker, lane 2 PCR (260 bp)
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In summary (Table 1), the digestion pattern obtained with Alu I, Hinf I and Ple I could

differentiate D. pteronyssinus from B. tropicalis. Digestion with Bfa I, Hinf I and Ple I can

be used to differentiate D. pteronyssinus from G. malaysiensis. Hae III, Hinf I and Ple I

digestion pattern was suitable for the differentiation of D. pteronyssinus from T. putres-
centiae. Dermatophagoides pteronyssinus can be differentiated from A. ovatus with Hae III

and Hinf I digestion. Alu I digestion can be used for the differentiation of D. farinae from

B. tropicalis. To differentiate D. farinae from G. malaysiensis, Bfa I may be selected. Hae

III digestion can distinguish D. farinae from T. putrescentiae. Similarly, D. farinae can be

differentiated from A. ovatus with Hae III and Ple I digestion. Hae III and Alu I were the

right choices for the differentiation of B. tropicalis from T. putrescentiae. To differentiate

1          2           3           4          5           6            7           8          9         10     

1000 bp

300 bp

500 bp

100 bp

Fig. 6 PCR–RFLP banding patterns for Tyrophagus putrescentiae after digestion with Hae III (lane 3 :360,
90 base pairs), Bfa I (4: 490), Dde I (5: 250, 150), Taq I (6: 150, 130, 110, 100), Alu I (7: 340, 150), Hinf I
(8: 250, 150), Ple I (9: 360, 130) and Xho I (10: 490). Lane 1 size marker, lane 2 PCR (490 bp)

1         2           3        4           5           6 7      8          9   10                     

300 bp

500 bp

1000 bp

100 bp

Fig. 7 PCR–RFLP banding patterns for Aleuroglyphus ovatus after digestion with Hae III (lane 3: 310, 120
base pairs), Bfa I (4: 430), Dde I (5: 210, 140), Taq I (6: 300, 110), Alu I (7: 270, 160), Hinf I (8: 210, 120,
100), Ple I (9: 430) and Xho I (10: 430). Lane 1 size marker, lane 2 PCR (430 bp)
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B. tropicalis from A. ovatus, Hae III, Alu I and Ple I can be used. To differentiate

G. malaysiensis for T. putrescentiae, Hae III and Bfa I can be used. To differentiate

G. malaysiensis from A. ovatus, Hae III, Bfa I and Ple I may be selected.

Discussion

Molecular tools have been widely used for the identification of various organisms to the

species level (Zahler and Gothe 1997; Navajas 1998, Navajas et al. 2000; Vargas et al.

2005; Konakandla et al. 2006; Anderson and Morgan 2007; Mtambo et al. 2007a, b, 2006;

Mahani et al. 2009; Potenza et al. 2009). RFLP was used for the identification of a

mesostigmatid mite (Dermanyssus gallinae) (Potenza et al. 2009). The ITS2 region of

nuclear ribosomal DNA was amplified and sequenced for the identification of 73 speci-

mens of astigmatid mites (Noge et al. 2005), and 16 species of spider mites (Tetrany-

chidae) (Ben-David et al. 2007). The variation within and between Finnish predatory mites,

Euseius finlandicus was investigated using RAPD-PCR and ITS sequence (Li-Mattila et al.

2000). The phylogenetic relationships of all seven known species of Cecidophyopsis mites

(Eriophyidae) and Ribes hosts have been inferred from ribosomal DNA sequences (Fenton

et al. 2000). Sequence variation of the nuclear ribosomal spacers ITS1 and ITS2, and the

5.8S gene in six species of phytoseiid mites were investigated (Navajas et al. 1999).

Identification of house dust mites (D. pteronyssinus, B. tropicalis, Glycyphagus privatus
and A. ovatus) based on partial mitochondrial DNA 12S rRNA sequences had been

reported previously (Suarez-Martinez et al. 2005). However, there is no report on the use of

the ITS2 region for the identification of mites to the species level based on RFLP. In the

present study, PCR–RFLP of ITS2 regions for these mites was established to complement

the current morphological identification of these mites to the species level.

Reliable and unique restriction fragment banding patterns after digestion with respective

restriction enzymes for each species will be a good tool for species confirmation. Further

confirmation can be achieved through sequence analysis. Hae III will be a good candidate

restriction enzyme to differentiate T. putrecentiae and A. ovatus from the rest of the species

studied. Bfa I and Xho I can be used to differentiate G. malaysiensis from the rest of the

Table 1 RFLP banding patterns for Dermatophagoides pteronyssinus (Dp), D. farinae (Df), Blomia
tropicalis (Bt), Glycycometus malaysiensis (Gm), Tyrophagus putrescentiae (Tp) and Aleuroglyphus ovatus
(Ao) after digestion with the respective restriction enzymes

Total base pairs Dp Df Bt Gm Tp Ao
324 335 326 256/261 488 432

Hae III – – – – H H

Bfa I – – – H – –

Dde I H H H H H H

Taq I H H H H H H

Alu I H H – H H H

Hinf I – H H H H H

Ple I – H H H H –

Xho I – – – H – –

H, able to digest; –, unable to digest
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species. Hinf I and Ple I can be used to differentiate D. pteronyssinus and D. farinae. Alu I

can be used to distinguish B. tropicalis from the rest. The approach taken in the present

study will complement morphological taxonomy previously used for species identification

of these mites. Unambiguous identification of these mites to species level can contribute to

better diagnosis and management of specific mite allergies.

In the present study, extraction of DNA from approximately 500 immature mites of all

the species specified in this study was performed as stated in the methodology section.

Similar PCR products with similar digestion banding patterns were observed (data not

shown). This method allows identification of immatures and perhaps also the eggs of the

target species, which cannot be identified based on morphology.

Recent advancement of DNA extraction procedure has allowed researchers to extract

sufficient DNA from a single adult or eggs, leaving behind the intact body for morpho-

logical analysis (Jeyaprakash and Hoy 2010). Genomic DNA of a single fresh female or

male Metaseiulus occidentalis was extracted by soaking in guanidine thiocyanate buffer

and isolation of the DNA from the supernatant using silica matrix. As for the eggs, a needle

was used to prick once to ensure penetration due to the presence of their less permeable

shells. The quantity of nucleic acids obtained ranged from 109 to 200 ng per mite. This

procedure also allows extraction of genomic DNA from Neoseiulus californicus or N.
cucumeris, which have been stored in 95% ethanol for 16 months (Jeyaprakash and Hoy

2010). The DNA obtained were amplified successfully using high fidelity DNA polymerase

for random amplified polymorphic DNA (RAPD). The concern about destruction of the

mite for DNA extraction for molecular analysis, leaving no mite for the morphological

identification, can be resolved with this improved method.

Another method using Chelex DNA extraction followed by whole genome amplification

can also be used for the amplification of a limited amount of DNA from a single mite

(Konakandla et al. 2006). The amount of DNA extracted by this method was 1.3 ng per

mite. Approximately 0.03 ng of template DNA was sufficient to reach the maximum phase

of amplified DNA with whole genome amplification method (Konakandla et al. 2006).

It is suggested that to identify an unknown species, DNA can be extracted from a single

mite and the ITS2 region can be amplified using conventional or modified method

(Konakandla et al. 2006). The size of the amplified product can be identified and compared

with the present data. As there is no previous report on the use of PCR–RFLP method for

the identification of domestic mites, this should be validated for the identification of other

species of mites not included in the present study.

It is also suggested that if more than one mite species were found in a particular dust

sample, one can isolate single mites and establish colonies from these mites before either

morphological or molecular identification. No commercially available detection method

developed to date has been reported to allow differentiation of mixed species with certainty

in a dust sample. Hence, all limitations of the identification method must be taken into

consideration during unknown mixed species identification.

In the present study, attempts to discriminate the sibling species D. farinae and D.
microceras were not performed because D. microceras is not commonly found in this

region. No D. microceras colonies have been established here in Malaysia so far.
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