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Abstract. We have developed an efficient and simple method for extracting and purifying genomic
DNA from dried blood stored on filter paper. The quality of the genomic DNA extracted istested by
PCR amplification of a255-bp fragment of the PAX8 gene sequence and the PCR products are deter-
mined for further genetic studies by single strand conformation polymorphism (SSCP) analysis. Larger
DNA sequences of the 674-bp of the PAX8 gene and the 1,039-bp of the human {3-globin gene, a
housekeeping gene, have also been amplified from the extracted DNA, thusindicating the high qual-
ity of the genomic DNA extracted by the developed method for subsequent genetic studies of any
gene of interest. The method developed can also be used for the purification of genomic DNA from
dried blood specimens stored under different conditions. Moreover, the genomic DNA products can
be stored for long-term use due to the highly purified procedure. Therefore, the method is efficient
and appropriate for the extraction and purification of genomic DNA from dried blood specimens,
which has become an increasingly important tool for genetic and epidemiological studies.

INTRODUCTION

Collection of blood onto filter paper has be-
come asignificant tool for screening individuals
for clinical purposes, ie mass neonatal screening
for inborn diseases, and for epidemiological stud-
ies by determination of biological markers, eg se-
rodiagnosis for HIV infection (Panteleeff et al,
1999) or hepatitis Cinfection (Parker et al, 1999).
This type of specimen has been used for public
health purposes since the 1960s (Guthrie and Susi,
1963) and has become increasingly popular due
toitseaseand conveniencein collection and trans-
portation, even from geographically isolated
populations. Mei and colleagues (2001) summa-
rized apartial list of numerousanalysesthat have
been measured from dried blood spot specimens.
Generally, any biological markers that can be
measured from wholeblood, serum or plasmacan
be determined from dried blood specimens (Mei
et al, 2001). That includes DNA, which isim-
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portant for research or studiesin genetics. How-
ever, an efficient method is required to recover
DNA from dried blood specimens. Commercially
available kits for extracting DNA from dried
blood samplesare expensive and involve spin col-
umns which provide low recovery rates. More-
over, the spin column kits always result in in-
creased plastic waste.

We therefore developed a simple but effi-
cient method for extracting and purifying genomic
DNA from dried blood specimens. We showed
that this method is sensitive and appropriate for
determining genomic DNA for subsequent genetic
studies.

MATERIALSAND METHODS

Dried blood spots, obtained from volunteers
after obtaining written consent, were collected on
filter paper (Schleicher & Schuell, Keene NH,
USA) according to National Committee on Clini-
cal Laboratory Standards' (NCCLS) specifica-
tions (Hannon et al, 1997). Three different sets
of sampleswerekept at 4°C, -20°C and room tem-
perature for about 2 weeks until experimentation.
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The simple method developed for the effi-
cient extraction and purification of the genomic
DNA from dried blood spotsisasfollows. Three
pieces of 3-mm diameter circlewere punched out
from the dried blood spot samplesinto a 1.5-ml
microcentrifuge tube. Rehydration was performed
by adding 300 ul of a 155 mM NH,Cl (Merck,
Darmstadt, Germany), 1 mM KHCO, (Merck)
and 0.01 mM EDTA (Fluka, Neu-Ulm, Switzer-
land) solution with vigorous vortexing for 1-2
minutes. The mixturewasincubated at room tem-
perature for 5 minutes with subsequent removal
of the supernatant. A mixture of 160 ul double
distilled water, 200 ul of 2X proteinase K buffer
[300mM NaCl (Merck), 40mM EDTA, 20mM
Tris (Fluka) pH 7.5, 2.5% sodium dodecy! sul-
fate (ICN Biochemical Inc, OH, USA)] and 40
ul of proteinase K (Boeringer Mannheim GmbH,
Mannheim, Germany) (20 mg/ ml) was then
added to the remaining blood spot circlesfollowed
by vortexing for 20 seconds. The mixture was
incubated at 56°C for 1 hour. During the incuba-
tion, the mixture was resuspended by vortexing
for 20 secondsevery 15 minutes. Genomic DNA
wasthen extracted from the mixture using 200 ul
of buffered phenol (USB Corporation, OH, USA)
and 200 ul of chloroform (Merck) and isoamyl
alcohol (Merck) mixture (24:1), with subsequent
vortexing for 30 seconds. The mixture was cen-
trifuged at 10,000 rpm for 4 minutes at room tem-
perature. The aqueous phasewastransferredto a
fresh microcentrifuge tube and added with 40 ml
of 3.0 M sodium acetate (Sigma Chemica Co,
MO, USA) pH 5.2 and 400 ml isopropy! acohol
(Merck). The solutionwasmixed and centrifuged
at 10,000 rpm, for 4 minutes at room tempera-
ture. The supernatant was removed and the pel-
let was washed with 70% ethanol. For long-term
use, the pellet could be stored in 70% ethanol at -
20°C. Prior to use, the pellet was centrifuged to
removethewashing. Thepellet wasdried at room
temperature until there was no trace of ethanol
and the genomic DNA was resuspended in 50 ul
of TE buffer [10 mM Tris (USB Corporation),1
mM EDTA].

PCR analyses for amplification of small,
medium and large DNA fragments

The quality of genomic DNA extracted by
this method was determined by PCR amplifica-
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tion of the fragment of the PAX8 gene (Strachan
and Read, 1994) using primers corresponding to
intron sequences flanking of the exon 5 of the
PAX8 gene: the upstream primer 5 TCTCCC
TCTCCCCCACTG 3’ and the downstream
primer 5° GCAGAGCCCCTACAAAGTCC 3.
The PCR reaction was carried out in 50 ul of to-
tal volume containing 1 ul of the genomic DNA
extract, 0.2 uM of each primer, 40 uM of each
deoxyribonucleotide (Boeringer Mannheim
GmbH) and 1.0 unit of Tag DNA polymerase
(Qiagen GmbH, Hilden, Germany) using the
Perkin Elmer 9600 PCR machine. For positive
control, 200 ng of genomic DNA extracted from
fresh blood was used as a template. The ampli-
fying reactions consisted of one cycle of template
denaturation at 94°C for 2 minutes, 40 cycles of
denaturation at 94°C for 30 seconds, annealing at
60°C for 30 seconds and extension at 70°C for 30
seconds, followed by one cycle of 70°C for 5
minutes. Five microliters of the PCR product of
255 bp was visualized following electrophoresis
on an ethidium bromide stained 1% agarose gel
compared with 100 bp DNA ladder (New England
Biolabs, MA, USA).

To confirm the genomic DNA quality, PCR
analysesto amplify larger fragments of the PAX8
and 3-globin genes of 674 bp and 1,039 bp, re-
spectively, were performed. The PCR reactions
were performed using similar conditionsto those
described above but with different primer setsand
with adlightly different temperature cycling pro-
file. To amplify the 674-bp PAX8 sequence, the
upstream and downstream primers, 5" TCTCCC
TCTCCCCCACTG 3 and 5 CACAGGCTCA
TTTGGAGAAT 3 respectively, were used with
the following cycling profile: one cycle of tem-
plate denaturation at 94°C for 2 minutes, 40 cycles
of denaturation at 94°C for 30 seconds, anneal-
ing at 55°C for 30 seconds and extension at 72°C
for 1 minute, followed by one cycle of 72°C for 5
minutes. To amplify the 1,039 bp fragment of the
[B-globin gene, the upstream primer 5 TGCCTA
TTGGTCTATTTTCC 3’ and downstream primer
5 AATCCAGCCTTATCCCAACC 3 were used.
Thecycling profilewas asfollowed: onecycle of
template denaturation at 94°C for 2 minutes, 40
cyclesof denaturation at 94°C for 30 seconds, and
annealing and extension at 60°C for 1 minute 30
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seconds, followed by one cycle of 70°C for 5 min-
utes. The PCR product was analyzed by agarose
gel electrophoresis, using the same conditions
mentioned above.

Single strand conformation polymorphism
(SSCP)

The 255-bp PCR product of the PAX8 gene
was further analyzed by an SSCP analysis, one
of the efficient techniques for screening genetic
variations, even a single mutation (Orita et al,
1989), following a procedure described in a pre-
vious report (Akkarapatumwong et al, 1999).

Extraction of genomic DNA from whole blood

Blood samples were collected from volun-
teersin an EDTA-coated tube (Vacuette, Greiner
Labortecnik, Austria). Lymphocytes were pre-
pared from peripheral blood samplesusing acon-
ventional method. In brief, peripheral blood
sampleswerewashed with phosphate buffered sa-
line (137 mM NaCl, 2.7 mM KClI, 4.3 mM
Na,HPO,.7H,O and 1.4 mM KH,PO,, pH 7.3) and
red blood cellswerelyzed with alysisbuffer (155
mM NH,CI, 1 mM KHCQ,, 0.01 mM EDTA).
Lymphocytes werefinally collected as pellets by
centrifugation. Genomic DNA wasthen isolated
from peripheral blood lymphocytes using
DNAzol®BD reagent (Molecular Research Cen-
ter, Inc, OH, USA) following the manufacturer’s
instruction. Genomic DNA solution was diluted
in TE buffer and its concentration was determined
by UV spectrophotometry at optical density (OD)
260/280 nm. DNA was kept at 4°C and used asa
positive control for PCR amplification.

RESULTS

Amplification of a short DNA fragment from
the extracted genomic DNA and further test
for genetic analysis using SSCP

To determine if the quality of the extracted
genomic DNA was appropriate for a subsequent
genetic analysis, theextracted DNA was subjected
to PCR amplification of the exon 5 of the PAX8
gene, agene coding for atranscription factor be-
longing to the mammalian PAX protein family
(Strachan and Read, 1994), as described in Ma-
terials and Methods. Genomic DNA extracted
from the whole blood of the same volunteers,

Vol 34 No. 3 September 2003

1,000 bp

500 bp

100 bp

1 2 3 4 5 6

Fig 1-PCR amplification of the 255-bp fragment of the
PAX8 gene. Agarose gel electrophoresisillus-
trated the PCR products of the PAX8 exon 5
sequence amplified from the genomic DNA ex-
tracted and purified from dried blood spots.
Lane 1, 100 bp DNA ladder; Lane 2, apositive
control of the PCR products amplified from ge-
nomic DNA extracted from fresh blood; Lanes
3-5, samples of the PCR analyses obtained from
the genomic DNA extracted from dried blood
spots; Lane 6, a negative control.

using acommercial reagent, was used as a posi-
tive control. Theresultsillustrated that the PCR
products of the expected size of 255 bp were de-
tected in all samples (Fig 1). The quantity of the
PCR products obtained from the dried blood spot
extraction was roughly equal to that obtained in
the positive control.

To determineif the extracted genomic DNA
was appropriate for further genetic analyses, eg
mutation determination, the PCR products then
underwent SSCP analyses. Fig 2 shows a clear
pattern of the exon 8 sequence compared with
the PCR products amplified from the genomic
DNA extracted from fresh blood.

Amplification of medium and large DNA frag-
ments

Useof genomic DNA in genetic studies may
asoinvolvetheamplification of large sequences.
To verify if the genomic DNA extracted from fil-
ter paper by the devel oped method could be used
to determine larger DNA fragments, PCR analy-
seswere performed to amplify a674-bp fragment
of the PAX8 gene and a 1,039-bp fragment of (3-
globin gene. Results showed that the large DNA
sequences of the expected sizes could be ampli-
fied from the DNA samples extracted by the de-
veloped method (Fig 3, A and B).
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Fig 2—-SSCP analyses of the PCR-amplified 255-bp
fragment of the PAX8 gene. SDS PAGE gel
anaysisillustrated the SSCP patterns of thefrag-
ments of the PAX 8 exon 5 sequence obtained
from PCR amplification of the genomic DNA
extracted from blood spot specimens (lanes 3-5)
compared with a positive control of the PCR
products amplified from the genomic DNA ex-
tracted fromfresh blood (lane2). Lane1wasthe
nondenatured 100-bp DNA marker used only to
control the running period of the gel, but not to
compare the size.
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Fig 4-Amplification of genomic DNA fromdried blood
specimens stored under different conditions.
Genomic DNA extracted from dried blood
samples stored at room temperature, 4°C and
-20°C were PCR-amplified to determine the 674-
bp PAX8 (A) and the 1,039-bp 3-globin gene (B)
sequences. Lane 1, 100 bp DNA ladder; Lane 2,
apositive control of the PCR productsamplified
from genomic DNA extracted from fresh blood;
Lanes 3 and 4, PCR products obtained from
samplesstored at room temperature; Lanes5 and
6, PCR products obtained from samples stored
at 4°C; Lanes 7 and 8, PCR products obtained
from samplesstored at -20°C; Lane 9, anegative
control.
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Fig 3-Agarose gel electrophoresis illustrating PCR-
amplification of the 674-bp fragment of the
PAX8 gene(A) and the 1,039-bp fragment of the
B-globin gene (B) from the genomic DNA ex-
tracted by the developed method. Lane 1, 100
bp DNA ladder; Lane 2, apositive control of the
PCR products amplified from genomic DNA
extracted from fresh blood; Lanes 3-5, samples
of the PCR obtained from the genomic DNA
extracted from dried blood spots; Lane 6, anega-
tive control.
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spots kept under different conditions

We showed further that the developed
method was appropriate for extracting genomic
DNA from dried blood filter paper stored under
different conditions. PCR analyses of thegenomic
DNA extracted from dried blood samples kept at
4°C, -20°C and room temperature were performed,
using primers to amplify the 674-bp PAX8 frag-
ment and the 1,039-bp p-globin gene. The re-
sults confirmed that the developed method was
suitable for genomic DNA extraction and purifi-
cation from dried blood samples stored under
various conditions (Fig 4, A and B).
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DISCUSSION

This report describes a simple, efficient
method for extracting and purifying genomic DNA
from dried blood stored on filter paper. We observed
similar sensitivity and specificity of the PCR am-
plification from the extracted products, compared
with the PCR results of the genomic DNA obtained
from fresh blood. In addition, the quality of there-
sultant PCR products has been shown appropriate
for further genetic studies, as shown by the SSCP
analysis of the exon 5 PCR product of the PAX8
gene. Large DNA fragments, of at least 1 kbinsize,
can be determined by amplification of the DNA
extracted by the devel oped method. Pantel eeff and
colleagues (1999) have also presented amethod for
extracting DNA from dried blood. However, their
method is appropriate for determining only avery
small fragment, about 140 bp, but not for the am-
plification of large DNA fragments, ie all of the
attemptsto amplify 0.9 and 1.2 kb DNA fragments
from the extracted DNA have failed.

To our knowledge, our method is optimal
and efficient for the extraction and purification
of genomic DNA from dried blood specimens.
DNA of ahousekeeping gene, the $-globin gene,
which is expected to be present in every cell, can
also be detected. The ability to amplify the gene
represents a likelihood that other genes of inter-
est from the purified genomic DNA solution may
be amplified. The genomic DNA obtained can
also be stored for long-term use because it has
been purified and all the digestive enzymes have
been removed.

Themethod issimple and inexpensive. The
benefit of the devel oped method would aso pro-
mote the use of dried blood samples for genetic
studies, especially considering collection, process
and storage, which are easy and straightforward.
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