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Abstract

Dried blood spots (DBS) are widely utilized as part of universal newborn screening and as a means of transporting samples
from field sites. We use DBS from African field sites to assess for rare maternal-fetal cell exchange during pregnancy known
as microchimerism. We aimed to develop a protocol to maximize the quantity of high-quality genomic DNA (gDNA)
extracted from DBS. The total gDNA yield obtained from control DBS utilizing a Qiagen-based protocol and a ChelexVR 100
resin-based protocol was first compared. Variations of the ChelexVR protocol were subsequently tested to develop an opti-
mized protocol. The gDNA was quantified by qPCR targeting the human beta-globin gene. DNA yield for a given experimen-
tal condition was normalized to a ChelexVR control performed on the same day, and the total yields were compared using a
Student’s t-test. The control ChelexVR protocol yielded 590% more DNA than the QIAampVR DNA Blood Mini Kit . The absolute
efficiency of the control ChelexVR protocol was 54%, compared to an absolute efficiency of 9% for the QIAampVR DNA Blood
Mini Kit. Modification of the ChelexVR protocol to include a second heat precipitation from the same DBS increased the gDNA
yield by 29% (P<0.001). Our optimized protocol including this modification increased the absolute efficiency of extraction to
68%. The gDNA extracted using the ChelexVR protocol was stable through repeated freeze–thaw cycles. In a mock microchi-
merism experiment, rare donor alleles at a frequency of 10 in 100 000 could be identified in gDNA from DBS extracted using
the optimized ChelexVR protocol. Our findings may be of significance for a diverse range of applications that utilize DBS and
require high-quality DNA, including newborn screening programs, pathogen and drug resistance screening from remote
field sites, forensics, and rare allele detection.

Introduction

Whole blood spotted onto filter paper provides a convenient
method for collecting, transporting, and storing blood samples
[1]. This approach is widely utilized as a part of universal new-
born screening as well as a means of transporting samples from
field sites [2]. Dried blood spots (DBS) are particularly common

as a means of preserving whole-blood samples for study of
pathogens, such as malaria and HIV, and drug resistance [2–6].
A variety of different filter papers are used for this purpose, in-
cluding Whatman Grade 3 (GE Healthcare Lifesciences,
Marlborough, USA) [4, 5] and S&S 903 (formerly Schleicher &
Schuell; GE Healthcare Lifesciences, Marlborough, USA) [7],
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based on their availability and relative low cost, with recent
papers designed specifically for the preservation of nucleic
acids (e.g. FTA cards, GE Healthcare Lifesciences, Marlborough,
USA) [6]). Whatman Grade 3 and S&S 903 filter papers passively
absorb blood, whereas FTA paper relies on a matrix for nucleic
acid capture and preservation.

Our lab investigates very rare maternal cells that traffic into
a fetus during pregnancy, known as maternal microchimerism
and the implication for offspring immunity and susceptibility to
infectious disease [8]. These cells are generally present at levels
between 1 in 100 000 to 10 in 100 000 genomic equivalents (gEq).
Several methods have been utilized to extract genomic DNA
(gDNA) from DBS, including standard kit-based protocols (e.g.
QIAampVR DNA Blood Mini Kit and QIAampVR DNA Micro Kit)
[9–12] and ChelexVR 100 resin-based protocols [2, 3, 9–13], however,
the sensitivity of these methods to detect very rare alleles has not
been investigated. In order to utilize historical DBS collected from
African field sites in the study of maternal microchimerism, we
aimed to develop an optimized protocol for the extraction of the
maximum quantity of high-quality gDNA from DBS.

Materials and methods
Human subjects

This study was approved by the Seattle Children’s IRB and writ-
ten informed consent was obtained from all participants.

DBS generation

Blood from two anonymous donors (Donor A and Donor B) was
collected into ethylenediaminetetraacetic acid (EDTA) tubes
(BD, Franklin Lakes, USA) and a complete blood count was
obtained for each donor. For the DBS used in protocol optimiza-
tion, 20 ml of fresh whole blood from Donor A was spotted onto
Whatman Grade 3 Filter Paper (GE Healthcare Life Sciences
Catalogue Number 1003-090). DBS were dried for a minimum of
20 days at room temperature prior to extraction. The entire 20 ml
DBS were subsequently cut from filter paper using sterile scis-
sors and placed into 1.5 ml LoBind Eppendorf tubes.

DBS extraction

Commercial kit-based extraction
DBS were extracted using a QIAampVR DNA Blood Mini Kit
(QIAGEN Catalogue Number 51104) according to the manufac-
turer’s recommended instructions (‘DNA Purification from
Dried Blood Spots’, 2016) with slight modification (hereafter re-
ferred to as ‘Qiagen protocol’): 50 ml of molecular-grade water
was added to the column to elute gDNA and allowed to incubate
for 5 min. The column was then placed in a 1.5 ml LoBind
Eppendorf tube (‘1st elution’) and centrifuged to collect the elu-
ate. A second 50 ml elution of molecular-grade water was then
added to the column, and the process was repeated (‘2nd elu-
tion’). To determine whether any additional gDNA could be re-
covered from the processed DBS, samples were taken through
the Qiagen protocol a second time, again with a double elution.

Chelex-resin based extraction
We developed a control ChelexVR 100 resin-based protocol simi-
lar to prior work (hereafter referred to as ‘ChelexVR control proto-
col’) [2], against which the Qiagen protocol and our ChelexVR 100
resin-based protocol modifications were compared. Because sa-
ponin, a plant-based detergent, may have batch to batch

variability and is not widely available in molecular grade form
(particularly important for microchimerism studies), we chose
to use TweenVR 20 as the detergent in our control condition.

One ml of freshly made 0.5% TweenVR 20 detergent diluted in
PBS was added to each tube containing a DBS, inverted three
times and incubated at 4�C overnight. The next morning the su-
pernatant was removed, 1 ml of fresh PBS was added and the
tubes were inverted three times. Tubes were then incubated at
4�C for 30 min. During this time, a solution of 5% (m/v) 50–100
mesh ChelexVR resin in molecular grade water was heated to
95�C. The PBS wash was fully removed and 200 mL of the pre-
heated 5% Chelex solution was added to the samples. The sam-
ples were vortexed for 30 s, then incubated at 95�C for 15 min
with gentle vortexing every 5 min. The tubes were then centri-
fuged for 3 min at 21 130 g to pellet the ChelexVR beads and any
degraded paper. The supernatant (approximately 180 ml) con-
taining the eluted gDNA was transferred to a new 1.5 ml LoBind
Eppendorf tube. The eluate was then centrifuged again for
3 min as above and 150 ml was removed and transferred to a fi-
nal 1.5 ml LoBind Eppendorf tube for use or storage. These two
centrifugation steps are essential to ensure that there is no car-
ryover of ChelexVR into the final eluate; residual ChelexVR may
bind Mg2þ required for polymerase function and therefore in-
hibit downstream PCR applications. The control condition was
independently run for each experiment detailed below to con-
trol for variability in age of the DBS and reagent preparation on
any given day. Five replicates were tested for each condition,
and all conditions for a given protocol variation were run on the
same day.

Detergent
Saponin has been traditionally used in many DBS extraction
protocols and is a biologically derived detergent which selec-
tively lyses the cell membrane via cholesterol interactions [14].
As potential alternatives, both TweenVR 20 and TritonTM X-100
are widely available, molecular grade, nonionic, non-denaturing
detergents. However, TritonTM X-100 may lead to a higher
degree of permeabilization [14]. We compared the effect of
0.5% Saponin (Acros Organics Catalog No. AC419231000), 0.5%
TweenVR 20 (Fisher Bioreagents Catalog No. BP337-500) and 0.5%
TritonTM X-100 (Fisher Bioreagents Catalog No. BP337-500) dur-
ing the overnight incubation.

ChelexVR 100 size
ChelexVR resin comes in a variety of ‘mesh’ sizes, in which the
mesh size is inversely proportional to the size of the resin
beads. Small size (larger mesh) beads are easier to handle with-
out clogging pipette tips; however, they are difficult to visualize
to ensure no carryover in the final elution. We have found that
the use of wide-bore pipette tips (Rainin Catalog No. 30389241)
significantly improves the ease of use of the large size ChelexVR

resin. In order to test the effect of ChelexVR resin size, we com-
pared 200–400 mesh ChelexVR (Bio Rad Catalog No. 142-1253)
with 50–100 mesh ChelexVR (Bio Rad Catalog No. 142-2822).

56�C incubation
Some protocols include a 56–60�C incubation, with [12] or with-
out [15, 16] the addition of Proteinase K, prior to the heat precip-
itation at 95�C. We therefore tested the effect of a 56�C
incubation for 20 min with vortexing every 5 min before con-
tinuing with the 95�C precipitation outlined in the control
protocol.
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Elution buffer
Genomic DNA is most often eluted into molecular grade water,
Tris, or Tris–EDTA. Molecular grade water is inexpensive, but
Tris has the advantage of acting as a pH buffer, and Tris–EDTA
has the advantage of acting as both a pH buffer and DNase in-
hibitor, although EDTA in high concentrations may have inhibi-
tory effects on PCR reactions [17]. We therefore compared the
effects of eluting into molecular grade water, 10 mM Tris–Cl (pH
8.5), heron referred to as ‘Tris’ (Buffer EB, Qiagen, Valencia,
USA), or 10 mM Tris–Cl, 0.5 EDTA (pH 9.0), heron referred to as
‘Tris EDTA’ (Buffer AE, Qiagen, Valencia, USA).

Second lysis
To test the efficiency of our initial extraction, we evaluated the
effect of re-processing a DBS that had already been taken
through the extraction protocol, beginning with a second over-
night lysis.

Second heat precipitation
To evaluate whether gDNA was effectively precipitated from
the DBS, we subjected DBS that had already gone through one
complete extraction protocol to an additional round of heat pre-
cipitation. After a sample was processed once, we added an ad-
ditional 200 ml of 5% ChelexVR solution heated to 95�C to the
1.5 mL LoBind tube containing the DBS. Samples were incubated
at 95�C for 15 min with vortexing every 5 min and processed as
above.

Optimized protocol
We subsequently combined elution into Tris–EDTA and a sec-
ond heat precipitation step into an ‘optimized protocol’ to test
against the control protocol with regard to absolute efficiency.
Tris–EDTA was chosen as it may protect gDNA from degrada-
tion during long term storage.

Freeze–thaw stability

ChelexVR resin-based extraction generates single-stranded DNA,
which may be more susceptible to shearing from ice crystal for-
mation during repeated freezing and thawing [18]. To test for
stability of our eluted gDNA, we took control samples through
20 freeze–thaw cycles, in which the sample was frozen at 80�C,
then thawed at room temperature, and an aliquot was removed.
Prior to beginning the freeze thaws, we removed an aliquot and
stored it at 4�C, denoted as ‘0 freeze–thaws’.

DNA quantification

The gDNA yield was quantitated by qPCR targeting the human
beta-globin gene as previously published [19]. Quantification
was performed after a single freeze–thaw for all samples, except
the optimized experiment in which the ‘0 freeze–thaws’ sam-
ples were quantified after storage at 4�C.

Mock microchimerism experiment

Donor A and Donor B were HLA Class II genotyped (Scisco
Genetics, Seattle, WA, USA) in order to identify a non-shared
heterozygote allele marking Donor B in the background of
Donor A (DQB1*06). Blood from Donor B was mixed into blood
from Donor A at an expected ratio of 10 in 100 000 based upon
the white blood cell count of each sample. A total of 20 ml of this
admixture was used to make DBS which were dried and three
DBS were extracted using our optimized protocol.

Quantitative PCR was performed targeting DQB1*06 utilizing
the complete volume of eluate from these DBS (150 ml from first
precipitation and 150 ml from second precipitation) in order to
capture the sensitivity of the assay relative to the full amount of
gDNA recovered; 28 wells in total were run for each sample. The
DQB1*06 assay is part of a panel of previously validated qPCR
assays developed for the detection of microchimerism [19, 20].
The microchimerism level presented is calculated as: (sum of
DQB61*06 amplifications across all wells)/(betaglobin per well *
number of wells), after adjustment for the relative DQB1*06 and
betaglobin standard curves [21].

Statistical methods

Initial comparison between the ChelexVR resin-based method
and the QIAampVR DNA Blood Mini Kit considered the absolute
efficiency of gDNA extraction, based on the white blood count
for Donor A, expressed as gEq recovered/gEq expected. This cal-
culation was based on a conservative estimate of the final elu-
ate volume for the ChelexVR resin-based approach of 150 ml when
200 ml is initially added; in many cases, it is possible to recover
more eluate and thus the efficiency we present likely underesti-
mates the true efficiency of the protocol. With regard to the
QIAampVR DNA Blood Mini Kit, we considered a final eluate vol-
ume of 45 ml for each elution step when 50 ml is applied to the
column. Total gEq recovered for all conditions was calculated as
the concentration of the sample by beta-globin qPCR multiplied
by the final elution volume. All experimental conditions were
run in five replicates. All samples were within two standard
deviations of the mean and therefore no samples were removed
from analysis.

We compared the mean efficiency of the ChelexVR control
method to the QIAampVR DNA Blood Mini Kit using a two-tailed
Student’s t-test. When considering experimental variations to
optimize the ChelexVR extraction, we normalized the experimen-
tal condition to the control condition conducted on that day
and present the fold change, to account for changes in the DBS
age over time. Standard error for the relative DNA yield was
generated using bootstrapping (repeated sampling with replace-
ment from experimental data), and the P-value was generated
using a two-tailed Student’s t-test.

All statistics were conducted in R (R Foundation for
Statistical Computing, Vienna, Austria).

Results
ChelexVR resin-based extraction versus QIAampVR DNA
blood mini kit

In comparisons of DNA extraction by our control ChelexVR

method or QIAampVR DNA Blood Mini Kit, DNA extraction by the
control ChelexVR resin-based extraction method yielded signifi-
cantly more gDNA than the QIAampVR DNA Blood Mini Kit, with
a total efficiency from the ChelexVR control protocol of 54.5% and
a total efficiency of the QIAampVR DNA Blood Mini Kit of 9.2%
(P< 0.001) (Fig. 1). Within the QIAampVR DNA Blood Mini Kit con-
dition, a second elution off the column increased the total effi-
ciency from 5% to 7%, whereas ‘re-extracting’ the DBS had very
little effect.

Optimization of Chelex resin-based extraction

After finding the ChelexVR control protocol to be superior to the
QIAampVR DNA Blood Mini Kit, we aimed to further optimize the
ChelexVR protocol through (i) variation of the detergent,
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(ii) variation in the size of the ChelexVR resin, (iii) addition of a
56�C incubation step, (iv) variation in elution buffer, (v) re-
processing the DBS through the entire protocol, and (vi) re-
precipitating the DBS.

There was no significant difference between TweenVR 20
(control) and saponin (fold change: 1.14, P¼ 0.13) or TritonTM X-
100 (fold change: 1.14, P¼ 0.2); between 50–100 mesh ChelexVR

(control) and 200–400 mesh ChelexVR (fold change: 1.0, P¼ 0.99);
with absence (control) or addition of a 56�C incubation (fold
change: 0.95, P¼ 0.47); or with elution into molecular grade wa-
ter (control), Tris (fold change: 0.99, P¼ 0.99), or Tris EDTA (fold
change 1.05, P¼ 0.3).

Re-extracting previously extracted DBS beginning at the lysis
step resulted in an 8% increase in total DNA yield (Fig. 2a),
whereas simply re-precipitating the DBS with fresh Chelex and
a second 95�C incubation significantly increased the total yield
by 29% (P< 0.001) (Fig. 2b). Based on the results of these studies,
we generated an ‘optimized’ protocol which utilized TweenVR 20
for lysis (as molecular grade, widely available, and easy to use),
50–100 mesh ChelexVR (as easier to use), and elution into Tris–
EDTA for DNA stability, as well as the addition of a second heat-
precipitation step. This optimized protocol demonstrated the
consistent effect of the second heat precipitation and yielded an
absolute efficiency of 68% (Fig. 2c). We additionally tested for
DNA stability using a ChelexVR -based extraction by taking the
control protocol through 20 freeze thaw cycles and did not find
evidence of significant degradation (Fig. 2d).

Detection of mock microchimerism

We evaluated mock microchimerism in three DBS replicates of
Donor B spiked into Donor A at a ratio of 10 per 100 000 with ex-
traction utilizing our optimized Chelex protocol. We evaluated
the ability to detect microchimerism separately in the first and
second heat precipitation in order to assess for loss of signal as-
sociated with extended heat exposure and potential resultant
DNA degradation, as well as for each sample overall. We were
able to detect mock microchimerism in both precipitations in

all three DBS (Table 1), at a level that varied between 1 in
100 000 and 12 in 100 000.

Discussion

DBS are a quick and convenient way to collect whole blood that
requires no additional processing at the time of collection and
allows for sample storage at room temperature. This has made
them attractive for newborn screening programs and for sample
collection and transport from field sites. DBS are widely used in
both the malaria and HIV fields to detect pathogen and drug re-
sistance as gDNA extracted from DBS is amenable to down-
stream molecular applications. Although new forms of paper
(e.g. FTA paper) are now available that are intended to aid in the
preservation and utilization of DNA from DBS, many historic
samples already exist on common, inexpensive paper such as
Whatman Grade 3 or S&S 903.

Our lab studies maternal cells that traffic into the fetus,
known as maternal microchimerism, and their effect on immu-
nity in the infant. These maternal cells are often very rare (1 to
10 in 100 000) and thus difficult to detect. Because detection
requires significant amounts of gDNA suitable for qPCR testing,
we were motivated to develop an optimized protocol to extract
the maximum quantity of high quality gDNA from DBS. For the
purposes of our experiments, we selected DBS on Whatman
Grade 3 for testing as it is the most common paper used by our
collaborators to generate field samples. Column-based kits such
as QIAampVR Blood Mini kit yield pure, double-stranded DNA but
may be subject to significant DNA loss, while the ChelexVR ex-
traction method yields samples with unpurified single-stranded
DNA but increased recovery [11, 22]. Our initial approach com-
pared a basic ChelexVR resin-based approach to the commonly
used QIAampVR Blood DNA Mini kit. Earlier work in our lab had
directly compared the QIAampVR DNA Mini kit to the QIAampVR

DNA Micro kit and found that the Mini kit consistently outper-
formed the Micro kit (data not shown).

Similar to what some [11, 22] but not all others [5, 12] report,
we found that our ChelexVR control yielded more DNA than the
Qiagen-based approach; however, what was most striking was
the degree of difference between the two approaches, where the
ChelexVR control approach yielded 590% more DNA and achieved
an overall efficiency of 54%. Based on this, we next sought to op-
timize the ChelexVR -based extraction so as to maximize yield,
while confirming that the ssDNA was stable and performed well
in downstream qPCR assays.

Prior reports utilizing ChelexVR -based extraction primarily
use saponin for cell lysis [2, 11, 22, 23], while other papers re-
port success with TweenVR 20 [12, 15, 16]. We compared sapo-
nin, TweenVR 20, and TritonTM X-100 and found that the three
detergents achieved similar total DNA yields but that TweenVR

20 was preferable because it is molecular grade, widely avail-
able, and easier to prepare. Similarly, there was not a differ-
ence in DNA yield by ChelexVR size but we found that 50–100
mesh ChelexVR (large size) was easier to visualize to ensure no
carryover into the final eluate. No difference in DNA yield was
found between elution in molecular grade water, Tris, or Tris–
EDTA, although our optimized protocol utilized Tris–EDTA for
DNA stability. These results suggest that variations in each of
these conditions according to reagent availability and prefer-
ence should not affect ultimate DNA yield. Some publications
utilize an additional 56–60�C incubation prior to the 95–100�C
degree precipitation, with [12] or without [15, 16] the addition
of Proteinase K. We tested the addition of this incubation step
without Proteinase K and did not find any benefit associated

Figure 1: Control ChelexVR 100 resin-based protocol versus QIAamp DNA Blood

Mini Kit for the extraction of gDNA from DBS. QIAamp DNA Blood Mini Kit was

performed with a first (Ex 1, El 1) and second elution (Ex 1, El 2). Following this,

the DBS was processed through the kit a second time (Ex 2, El 1 and Ex 2, El 2).

The total Qiagen yield was calculated by adding together the DNA yield from

both extractions and both elutions. Replicates of five were conducted for each

condition in a single experiment. Data are represented as mean efficiency 6

standard error.

4 | Simon et al.



with the inclusion of this step. We speculate that the addi-
tional pre-heating step may improve yield in the setting of
less efficient lysis, and that the absence of improvement we
experienced both with this modification and with variation of
detergent reflected highly efficiency lysis with our overnight
incubation.

In order to understand the efficiency of our extraction, we
attempted to ‘re-extract’ a DBS that had already been processed,

beginning at the lysis step. We found only a small, non-
significant increase in the total yield with this approach. We did
observe that the DBS started to physically degrade when taken
through a complete re-extraction and hypothesize that the
wood pulp may inhibit downstream qPCR, as tannic acids
present in the wood pulp contain electronegative groups that
can chelate magnesium ions, inhibiting Taq polymerase
function [24, 25].

Figure 2: Optimization of ChelexVR 100 resin-based extraction. Replicates of five were conducted for each condition in a single experiment. (A) Second overnight lysis

does not increase the total gDNA yield. The eluant for each lysis was collected separately. The total double lysis yield was calculated by adding together the DNA yield

from both elutions. The total DNA from each elution and the total is represented normalized to the control 6 standard error. (B) Second 95�C heat precipitation signifi-

cantly increases the total gDNA yield. The eluant for each heat precipitation was collected separately. The total double heat precipitation yield was calculated by add-

ing together the DNA yield from both elutions. The DNA from each elution and the total is represented normalized to the control 6 standard error. (C) Absolute

efficiency of control versus optimized protocols. For the optimized protocol, each eluant from the heat precipitation was collected separately. The total optimized dou-

ble precipitation was calculated by adding together the DNA yield from both elutions. Data from each elution and the total is represented as mean DNA yield 6 stan-

dard error. (D) Control protocol extracted gDNA is stable through multiple freeze–thaw cycles. Each freeze–thaw eluant was collected separately and is represented as

the mean DNA yield normalized to one freeze–thaw (control) 6 standard error.

Table 1: Detection of mock microchimerism at a level of 10 per 100,000 from DBS using optimized ChelexVR 100 protocol

Sample Condition # Wells # Positive Wells Mock microchimerism
per 100,000

Sample 1 1st Precipitation 14 2 1
2nd Precipitation 14 1 3
Total 28 3 2

Sample 2 1st Precipitation 14 7 5
2nd Precipitation 14 6 12
Total 28 13 7

Sample 3 1st Precipitation 14 7 6
2nd Precipitation 14 5 10
Total 28 12 7
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In contrast, when we took the DBS through a second heat
precipitation at 95�C, we recovered 29% more DNA. Of note, this
double precipitation yields two separate aliquots with a volume
of 150 ml each, where the second is more dilute and may not be
appropriate for all applications. We tried combining the two
15 min incubations into a single 30 min incubation at 95�C, but
this did not improve total yield (data not shown), suggesting
that the addition of fresh hot ChelexVR is required. This may re-
flect more efficient capture of gDNA that was already precipi-
tated but remained at the bottom of the tube during the first
extraction or alternatively the additional benefit of ‘fresh’
ChelexVR , if the Mg2þ binding capacity of the first ChelexVR is satu-
rated. To the best of our knowledge, this is the first report of
such a protocol modification with resultant significant increase
in total gDNA yield.

The two major concerns with ChelexVR extracted DNA are
that there is no purification step to remove hemoglobin, pro-
teins, or other contaminants that might inhibit downstream
applications and that the DNA is single stranded and therefore
may be susceptible to hydrodynamic or enzymatic degradation.
In particular, hemoglobin can directly inhibit polymerase activ-
ity, whereas immunoglobulin G binds single stranded DNA hin-
dering DNA polymerization [26]. Previous studies have found
that PCR assays may be inhibited by the impurities found in
ChelexVR extraction products [9, 13]; however, we have not found
inhibition at up to 20% sample to total qPCR volume (data not
shown), which may reflect efficient washing of the DBS after
lysis or precipitation of these proteins during the final centri-
fuge steps to eliminate ChelexVR carry over. Previous studies
have reported no significant DNA degradation associated with
repeated freeze thawing of ChelexVR -extracted samples [22].
Similarly, we found that our ChelexVR -extracted DNA was stable
through 20 freeze thaw cycles. In addition, if ChelexVR beads are
carried over into the final eluate they may chelate Mg2þ and in-
hibit downstream polymerase-based applications. Using the 50–
100 mesh ChelexVR , we have found that the beads can be easily
visualized to ensure no contamination of the final eluate.

When we applied this technique to our specific application
of the detection of microchimerism we found that the opti-
mized ChelexVR -based method consistently allowed detection of
low level mock microchimerism in all samples in gDNA from
both the first and second precipitation. This suggests that DNA
that has undergone a second 95�C heat incubation is still ampli-
fiable by qPCR and remains useful for detecting the presence of
rare alleles such as microchimerism.

Here we describe an optimized protocol for the extraction of
high quality gDNA from DBS. We present a novel second heat
precipitation step that allowed us to recover 29% more gDNA,
bringing our total efficiency to 68%. Despite being single
stranded and unpurified, our recovered gDNA was stable
through freeze thaw cycles, did not inhibit downstream qPCR,
and could be used to reliably detect rare donor alleles. This
technique will allow us to identify rare maternal microchimer-
ism in historic DBS from field sites. In addition, our technique is
more broadly relevant to newborn screening, in mother to child
transmission of infection (e.g. CMV or HIV), as well as pathogen
detection and drug resistance testing from field sites.
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