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Abstract

Background: Appropriate methodology for storage biological materials, extraction of DNA, and proper DNA
preservation is vital for studies involving genetic analysis of insects, bacteria, and reservoir hosts as well as for
molecular diagnostics of pathogens carried by vectors and reservoirs. Here we tried to evaluate the utility of a simple
filter paper-based for storage of insects, bacteria, rodent, and human DNAs using PCR assays.

Methods: Total body or haemolymph of individual mosquitoes, sand flies or cockroaches squashed or placed on the
paper respectively. Extracted DNA of five different bacteria species as well as blood specimens of human and great
gerbil Rhombomys opimus was pipetted directly onto filter paper. The papers were stored in room temperature up to
12 months during 2009 until 2011. At monthly intervals, PCR was conducted using a 1-mm disk from the DNA
impregnated filter paper as target DNA. PCR amplification was performed against different target genes of the
organisms including the ITS2-rDNA of mosquitoes, mtDNA-COI of the sand flies and cockroaches, 16STRNA gene
of the bacteria, and the mtDNA-CytB of the vertebrates.

Results: Successful PCR amplification was observed for all of the specimens regardless of the loci, taxon, or time of
storage. The PCR amplification were ranged from 462 to 1500 bp and worked well for the specified target gene/s.
Time of storage did not affect the amplification up to one year.

Conclusion: The filter paper method is a simple and economical way to store, to preserve, and to distribute DNA
samples for PCR analysis.
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Introduction

Vector-borne diseases (VBDs) such as about the basic biology of the organisms and
malaria, dengue fever, leishmaniasis, filaria- the interactions among vectors-pathogens-
sis, trypanosomiasis, yellow fever, oncho- hosts involved. Correct identification and
cerciasis, plaque, and many other ones con- population genetics of vectors, also detection
tinue to threaten and to outbreak world and identification of pathogen species within
health. Annually around 500 million people insect or arthropod vectors, human, or ani-
are affecting just from three VBDs: 300 M mal host reservoirs are important for predic-
malaria cases, 120 million filariasis cases, tions of the risk and expansion of the disease
and 50-100 M dengue cases (WHO 2000, in the endemic areas. Conventional methods
2009). The VBDs account for 17% of the such as dissection of individual insects under
global disease burden (Tabachnick 2010). microscope, xenodiagnosis, culture media,

Understanding and predicting the VBDs and serological methods inherit a number of
epidemiology relies on clear knowledge limitations including needs of fresh speci-
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mens, low sensitivity and specificity, re-
quirement to a highly skilled person, high
expenses, and time consuming. On the other
hand, DNA based techniques are now avail-
able and becoming powerful tools for VBDs
research.

Molecular diagnostic tests that require
DNA or RNA from specimens may be used
to detect and to identify the vectors, patho-
gens, blood meal origin, and reservoirs spe-
cies (Oshaghi et al. 2003, 2006, 2008, 2010,
2011a, Nakazawa et al. 2009, Maleki-Rava-
san et al. 2010, Mehravarana et al. 2011).
The laboratories that are involved in VBDs
in endemic areas now gradually accommo-
date to use DNA/RNA based methods and
this need cheap, easy, and reliable protocols
that allow for the preservation of nucleic ac-
ids specimens. The currently recommended
method for long-term storage of specimens
involves storing them in freezer at minus 20
to -70°C. Storage of the specimens in freezer
takes a large amount of space particularly in
the laboratory with high loads of samples.
This might be less problematic for insect
specimens but becomes extremely for tissues
of animals.

In molecular studies, DNA is extracted
from individual or pooled specimens using
an expensive kit or by a complicated con-
ventional protocol using proteinase K-con-
taining DNA extraction buffer followed by
phenol/chloroform extraction and ethanol
precipitation. These methods are suitable for
molecular testing of vector, reservoirs, hu-
man, and pathogens; however, less effort
and cost are desirable to improve the meth-
ods (Weigle et al. 2002).

Transporting the specimens to the labora-
tory without loss of DNA integrity under
field conditions is important. Conventionally
the insect specimens preserve dry or in alco-
hol or lactophenol, and transfer in box or in
cold chain. Human or animal blood or tis-
sues are preserved in citrated tubes and alco-
hol respectively. The specimens need addi-
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tional labor costs for their storage if their
DNA is not immediately extracted. Follow-
ing DNA extraction, specimens should be
kept again in an ultralow-temperature freezer
which is expensive and inconvenient and
occupies a considerable amount of labora-
tory space. This is more crucial for VBDs
because the rate of infection in vectors usu-
ally is very low even in endemic areas
(Oshaghi et al. 2009, 2010, 2011b) and one
should extract or keep the extracted DNA of
thousands insects individually. In addition,
DNA infection and degradation of DNA by
DNAase enzymes during the time of storage
are another common issue raised in molecu-
lar laboratories.

Use of filter paper for storing DNA ini-
tially have been used for a wide range of
biological sources such as whole blood, buc-
cal scrapes, tissues, plasmids, plant material
and microorganisms (Rogers and Burgoyne
1997, Devost and Choy 2000, Rogers and
Burgoyne 2000, Natarajan et al. 2000, Lam-
pel et al. 2000, Dobbs et al. 2002, Hide et al.
2003, Lampel et al. 2004) and later have
been used for different goals in epidemiol-
ogical studies of VBDs. The main advantage
of filter papers is the long-term stability of
genomic DNA within the cells of unfixed,
dried whole body or blood cells stored at
room temperature. The filter paper is pro-
vided in a small card size, which makes it
possible to store several hundred samples at
room temperature in a volume, the size of a
small table driver. The filter paper matrix is
impregnated with agents that denature infec-
tious agents, and thus samples are no longer
considered a biohazard. This allows for the
storage and transport of samples without
selective biohazard precautions.

Here, we investigated the use of filter pa-
per cards as a means of storing either cell
suspensions of different insect and vertebrate
species including Anopheles stephensi Lis-
ton, Culex quinqufaciatus Say, Phlebotomus
papatasi Scopoli, Periplaneta americana
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Linnaeus, Blattella germanica Linnaeus, hu-
man, and rodent Rhombomys opimus Lich-
tenstein or extracted DNA of various bacte-
ria comprising Staphylococcus spp., Hafnia
alvei, Cronobacter sakazaki, Escherichia
coli, and Enterobacter spp. The stability of
the DNA within the suspension cells or the
extracted DNA from the bacteria stored for
as long as one year onto the filter papers
were tested by polymerase chain reaction
(PCR) of different loci of the vertebrates,
invertebrates, and microorganism genomes.

Materials and Methods

Materials

Specimens of An. stephensi, Cx. quinque-
fasciatus, P. americana, B. germanica and
Ph. papatasi were obtained from the in-
sectariums of School of Public Health, Te-
hran University of Medical Sciences (SPH-
TUMS). Human blood obtained from Na-
tional Blood Center (Tehran), and R. opimus
blood tissues provided from tails of the
animal reared in animal house of the SPH-
TUMS. The strains of Staphylococcus spp.,
Hafnia alvei, Cronobacter sakazaki, Es-
cherichia coli, and Enterobacter spp bacteria
obtained from individual colonies that were
cultured in Brain Heart Infusion (BHI).
These bacteria were isolated from the mid-
guts of American cockroaches that were col-
lected from a confectionary shop in Tehran.

Kawsar DNA bank card (DBC®) paper
was obtained from Kawsar Biotech Com-
pany (KBC, IR Iran) consisting of filter pa-
per impregnated with a proprietary mix of
chemicals, which serve to lyse cells, to pre-
vent the growth of bacteria, and to protect
the DNA in the sample. The package also
includes the reagents for the extraction of
DNA from the cells trapped on the filter paper.

DNA extraction
Fresh or alcohol preserved insect speci-
mens were crushed individually using a glass
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pestle on DBC® card, allowed to air-dry and
the cards were kept in sealed plastic bags at
room temperature until subsequent experi-
ments. Haemolymphs of the field or labora-
tory cockroaches were collected using yel-
low tips after dissection of the specimens
and were pipetted directly on the filter paper.
For bacteria, colonies of the species were
used for DNA extraction using QIAGEN
DNeasy Kit (Qiagen, Germany) according
the manufacturer supplied procedure. Also
fifty to hundred micro liter of blood tissue of
human or rodent R. opimus was pipetted di-
rectly onto the filter paper. Based on the
kind and volume of the specimen 3-10
square millimeter (mm?) of the paper might
be impregnated with DNA, which can pro-
vide 9-100 1-mm punches. The papers were
stored in room temperature up to 12 months.
At monthly intervals, the DNA was ex-
tracted from the dried cells on the filter pa-
per card according to the manufacturer’s in-
structions. A 1-mm hole was punched out
from the center of the sample collection cir-
cle on the sample-impregnated filter paper
and this punch was placed in a 1.5-mL
microfuge tube for extraction of the DNA.
The disks were washed with 200ul of DBC®
buffer for 5 minute at room temperature. Af-
ter removing the buffer, the punches were
washed three times with 200ul ddH20 for
five minutes. Then ddH,O completely emit-
ted and the disks became air-dried at room
temperature for 15 min. These washed filters
were used directly in the PCR reactions.

PCR

PCR amplifications were performed using
the sets of the specific primers previously
used to amplify the ITS2-rDNA of mosqui-
toes (Litvaitis et al. 1994), mtDNA-COI of
insects (Folmer et al. 1994), mtDNA-CytB
of vertebrates (Boakye et al. 1999), and
16SrRNA of bacteria (Favia et al. 2007). The
sequences of the primers are given in table 1.
Amplification reaction was performed in
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volume of 20 pl containing 1-mm punch
paper as target template, 10 pmol of each
primer, and PCR Master Mix (iNtRON®,
South Korea) includes 1.0 mM Mgcl2, 100
uM dNTPs, 2 ul 10X PCR buffer, and lunit
of Taq polymerase.

For ITS2, PCR was optimized for mos-
quito templates. An initial denaturation of
5 min at 94 °C was followed by 32 cycles at
94 °C for 1 min, 57 °C for 1 min and 72 °C
for 1 min. The final extension step was
72 °C for 10 min. For COI, PCR was opti-
mized for sand flies and cockroaches
templates. An initial denaturation of 2 min at
94 °C was followed by 5 cycles at 94 °C for
40 sec, 45 °C for 40 sec, 72 °C for 1 min
and 35 cycles at 94 °C for 40 sec, 51 °C for
40 sec, 72 °C for 1 min. The final extension
step was 72 °C for 10 min. For CytB, PCR
was optimized for vertebrate templates. An
initial denaturation of 5 min at 94 °C was
followed by 35 cycles at 95°C for 1 min,
58 °C for 1 min and 72 °C for 1 min. The
final extension step was 72 °C for 7 min.
The universal primers of 16suF and 16suR
(Favia et al. 2007) were used to amplify
about 1.5 kilo base (kb) partial sequence of
the 16S rRNA gene of the bacteria. The PCR
conditions were set as an initial denaturation
at 94°C for 10 minutes, followed by 35
cycles of denaturation at 95°C for 30
seconds, annealing at 56.5°C for 40 seconds,
and extension at 72°C for 30 seconds, and
final extension at 72°C for 8 minutes.
Fifteen microliters of PCR products were
run along with a 100 bp ladder on a 1.2%
agarose gel containing ethidium bromide for
1 h at 70V and observed on a UV transillu-
minator.

Results

Insects, bacteria, or blood samples were
obtained for at least 20 specimens and their
suspension cells or their extracted DNA was
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stored on DNA cards. These paper cards
were kept at room temperature until use,
with a variable storage period ranging from
30 days to one year. The suspension cells of
sand flies, mosquitoes, and cockroaches as
well as the bacterial DNA were pale or did
not stain the paper whereas the dried bloods
stained the specimen cards. DNA of the
punched discs was tested in 1% agarose gel
and quality and quantity were examined by
comparison of the sharpness of DNA bands.
The yields and quality of DNA per disc were
variable based on the organisms and tissue
stored on the paper. Generally blood tissues
made fewer smears and more sharpness
DNA than other tissues.

The quality of purified DNA was as-
sessed by PCR amplifications of different
loci of the organisms. Except a few cases,
results of PCR showed 100% success rate
according to the presence/absence of the
length specific PCR products (Fig. 1-2).
There were no differences in the robustness
of the PCR reactions between the various
species as well as their DNA extracted at
different times. The cells were stored on the
filter paper cards up to 12 months preserved
the DNA healthy before DNA extraction.
Following DNA extraction, no PCR failures
were seen in the specimens stored for about
one year. The PCR products of different loci
against the DNA extracted from the filter
paper are shown in Fig. 1 and 2. For cytB
gene of the vertebrate specimens, the ampli-
fied products were a single band of the ex-
pected size (624 bp) on the agarose gel. For
ITS2-rDNA the PCR products were varied
that was 462 bp for Cx. quinqufaciatus and
640 bp for An. stephensi. The amplicon for
the COI gene of Ph. papatasi was 711 bp.
The biggest PCR product with 1500 bp was
for the bacteria. Hafnia alvei, Enterobacter
sakazakii, Escherichia coli, and Enterobac-
ter bacteria are gram negative and species of
Staphylococcus spp. are gram positive.
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Table 1. The primer sequences, target genes and species, and length of PCR products used in this study

Primer Sequence 5°-3’ Locus Target genome PCR size (bp)
5.8S TGTGAACTGCAGGACACATGAA ITS2-rDNA Culex quinqufaciatus 462
28S ATGCTTAAATTAGGGGGTAGTC ) Anopheles stephensi 640
COIF TTAAACTTCAGGGTGACCAAAAAATCA Phlebotomus papatasi 709
COIR GGTCAACAAATCATAAAGATATTGG mtDNA-COI  Periplaneta americana
Blattella germanica
Un1025F GGTTGTCCTCCAATTCATGTTA Homo sapiens
UN403R TGAGGACAAATATCATTCTGAGG mONA-CYB s mbomys opimus 624
Staphylococcus spp.,
16SUF TCGACATCGTTTACGGCGTG 16S rRNA Hafnia alvei, 1500
16SUR AGAGTTTGATCCTGGCTCAG r Cronobacter sakazaki,

Escherichia coli,
Enterobacter spp

Fig. 1. Agarose gel showing the PCR products amplified from filter paper extractions: lane 1, ITS2-rDNA of An.

stephensi (640 bp), lane 2, ITS2-rDNA of Cx. quinquefasciatus (462 bp), lanes 3—4, host-specific cytochrome b of

human and R. opimus (624 bp) respectively; lanes 5-7, mtDNA-COI of Ph. papatasi, Periplaneta americana, and
Blattella germanica (709 bp) respecyively, and M, a 100 bp ladder (Fermentas)

1 2 3 4 3 6

Fig. 2. 16SrRNA gene PCR products (1500 bp) of bacteria amplified from their DNA stored on filter paper: lane 1,
a 200 bp ladder, Lane 2, Staphylococcus sp, lane 3, Hafnia alvei, lanes 4, Cronobacter sakazaki, lane 5, Escherichia
coli, lane 6, Enterobacter sp.
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Discussion

In this study, we demonstrated the utility
of using the filter paper cards to preserve the
extracted DNA or DNA in cells respectively
from bacteria or from fresh or alcohol pre-
served mosquitoes, sand flies, cockroaches
or blood tissues of human and rodent speci-
mens. We found the filter paper as a conven-
ient and relatively inexpensive method for
the storage and transportation of the speci-
mens that may require DNA testing. Suc-
cessful PCR amplification of four different
loci (ITS2-rDNA, 16SrRNA, mtDNA-COI,
and mtDNA-CytB genes) proved that DNA
extracted from the cells stored on the filter
paper functioned very well with no sig-
nificant differences in the ability of the tem-
plates to produce PCR products. Use of filter
papers previously have reported for malaria
parasite species identification in human
blood (Syafruddin et al. 2007, Lekweiry et
al. 2009, Ataei et al. 2011), for extraction
and storage of insect DNA in forensic en-
tomology (Harvey 2005), for detection and
identification of the filarial parasite Brugia
timori in human blood (Fischer et al. 2002),
for source of mosquito blood meals (Ansell
et al. 2000), and for detection of Wuchereria
bancrofti DNA in human blood (Rao et al.
2006). Also, filter papers have been used for
blood meal identification and Leishmania
parasite detection in sand fly Lutzomyia
longipalpis (Schaefer et al. 1995, Sant'Anna
et al. 2008), identification of trypanosome in
wild tsetse populations (Adams et al. 2006),
diagnosis and surveillance of Trypanosoma
vivax in ruminants (Gonzales et al. 20006),
detection of Cyclospora cayetanensis and
Cryptosporidium parvum from food samples
and human fecal specimens (Orlandi and
Lampel 2000), and archiving and processing
DNA from fresh water protozoans (Hide et
al. 2003). The application of the filter paper
for molecular testing using RNA such as
microarrays or RT-PCR assays, which need
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a stable source of RNA, was not addressed
in this study. However, others have shown
that RNA is stable on the filter paper (Naka-
zawa et al. 2009).

In this study, the preservation is only
tested on DNA regions that have high copy
number on the genome which are easy to
amplify. Therefore to make a better assess-
ment of the filter paper, it is recommended
to test them against the genes/loci with low
or single copy number.

The archival storage of specimens for fu-
ture DNA analysis is greatly facilitated by
using the filter paper because the cards are
small and are stored at room temperature in
a compact file until molecular studies are
needed. In this study, the DNA was shown
to be stable for up to one year, and DNA has
been reported by the manufacturer to be sta-
ble on the cards for at least 30 years. This
stability diminishes the need for an ultralow-
temperature freezer dedicated to specimen
storage, which both is expensive and re-
quires laboratory space. In addition, speci-
mens stored at -20 °C to -70 °C in an ul-
tralow-temperature freezer are at risk should
the freezer suffer a mechanical or electrical
failure. Once a frozen specimen thaws, se-
vere degradation of the DNA can result
unless it is immediately extracted. The di-
ameter of punched disc from filter papers
was as low as I-mm hence allows using the
rest of specimens for many other molecular
analyses. In addition, it is shown that the
reagents on the filter paper are designed to
kill pathogens upon contact and the papers
protect DNA within the samples for several
years at ambient conditions (Smith and Bur-
goyne 2004).

In conclusion, the filter paper is an
inexpensive and user-friendly method for
storing cell suspensions from different speci-
mens. The card size index allows the con-
venient storage and transportation of speci-
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men DNA and makes the system ideal for
small laboratories that rely on sending speci-
mens to larger facilities for molecular
analysis. Further studies are needed to vali-
date this method of storage using a wide
range of molecular methods including PCR,
DNA microarrays, and expression analysis
with RNA.

It seems that filter paper is a suitable, fast,
safe and easy to use tool for storage and
transportation of the samples directed from
the field to the laboratory for DNA extrac-
tion or storage of extracted DNA.
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