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Improved analysis of long STR amplicons from degraded DNA

Abstract

DNA profiles from degraded samples often suffer from information loss at the
longer short tandem repeat (STR) loci. Sensitising the reactions, either by performing
additional PCR cycles or increasing the capillary electrophoresis injection settings,
carries the risk of over-amplifying or overloading the shorter fragments. We explored
whether profiling of degraded DNA can be improved by preferential capturing of the
longer amplified fragments.To this aim, a post-PCR purification protocol was developed
that is based on AMPure® XP beads that have size-selective properties. A comparison
was made with an unselective post-PCR purification system (DTR gel filtration) and
no purification of the PCR products. Besides a set of differently and serially degraded
single source samples, unequal mixtures of degraded DNAs were analysed, in order to
extract more genotyping information for the minor contributor without overloading
the major component at the shorter amplicons. Purification by the AMPure® protocol
resulted in higher peak heights especially for the longer amplicons, while DTR gel
filtration gave higher peaks for all amplicon sizes. Both purification methods presented
more detected alleles, with the AMPure® protocol performing slightly better; on
average. In conclusion, the in-house developed AMPure® protocol can be employed
to improve STR profile analysis of degraded single source and (unequally) mixed DNA
samples.
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Chapter 7

Introduction

When DNA is degraded, the longer STR (i.e., short tandem repeat) amplicons of
a DNA profile tend to have lower peak heights than the shorter amplicons, or they
may not be detected at all [1, 2]. When sufficient DNA extract is remaining, it is often
possible to retrieve this missing STR information by using another amplification kit
with different primer designs, resulting in shorter amplicons (a.k.a. mini-STRs) for these
loci [2—7].When this approach falils, for instance because no additional DNA extract
is available, there are still a few options to sensitise the reactions, such as performing
additional PCR cycles [8], using increased capillary electrophoresis (CE) settings [9, 0],
or applying post-PCR purification [9—12]. These strategies exploit the remaining PCR
products (at the NFI, generally 24 uL is left, as only | L of the 25-uL PCR product
is used for CE analysis) that otherwise would be discarded. However, with degraded
DNA samples, these approaches may provoke the shorter STR loci to become over-
amplified during PCR or overloaded during CE. This may lead, for instance, to bleed
through signals in other dye channels [ 12, | 3], collapsed and/or shifted peaks and minus
A shoulder peaks. Similar problems may be encountered when unequal mixtures are
analysed; sensitising the reactions to obtain more information for the minor contributor
could lead to over-amplification or overloading of the major component [14, 15].
Again, loss of genotyping information is often particularly a problem at the longer loci,
as compromised casework samples tend to have some sloping in the DNA profiles.
To our knowledge, no forensic method exists to specifically recover the information
residing at the longer STR loci in PCR products.

Post-PCR purification removes salts (that were needed during PCR) and, depending
on the method, also primers that compete with amplified DNA fragments for injection
into the capillary during electrophoresis [9—12], thereby increased peak heights are
obtained. From the research area of next generation sequencing, a size-selective post-
PCR purification method (i.e. Agencourt™ AMPure® XP beads; Beckman Coulter,
Woerden, The Netherlands) came to our attention. Fragments of different lengths
can be captured by using different ratios of PCR product and AMPure® XP magnetic
beads [ 16, | 7]. In theory, by combining size selection and post-PCR purification, signals
of especially the longer amplicons would increase. In this study, we assess whether the
size-selective properties of the AMPure® XP beads can be employed to improve
the recovery of the genotyping information at the longer STR amplicons from single
source and unequally mixed degraded DNA samples.
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Improved analysis of long STR amplicons from degraded DNA

Material and methods

A description of the degraded DNA samples [I8, 19] and the mixtures used
in this study, together with the methods for quantification (ALU-assay [20]), PCR
(NGM™), capillary electrophoresis and DNA profile analysis, is given in the electronic
supplementary material (Supplementary Text |).

Post-PCR purification

Both post-PCR purification approaches used in this study make use of Performa®
DTR (Dye Terminator Removal) Gel Filtration Cartridges (EdgeBio, Gaithersburg, MD,
USA).The first method uses DTR cartridges only; the second method is preceded by a
size-selective purification approach as described below. DTR cartridges were prepared
for sample loading by spinning them in the accompanying tube for 3 min at 13,200 rpm
(17,532 rcf) in an Eppendorf centrifuge 5430, turning them 180° in the centrifuge and
spinning them for an additional 2 min at 13,200 rpm.Then, the cartridge was placed on
a new (labelled) tube, the PCR products were pipetted on the gel, the lid was closed
and the cartridge was spun for 2 min at 9,600 rpm (9,273 rcf). When PCR products
were purified by DTR only 4 L of the PCR product was used.

To achieve size selection of PCR products, Agencourt™ AMPure® XP beads
(and the corresponding Agencourt™ SPRI-Plate 96 Ring Super Magnet Plate (Beckman
Coulte; Woerden, The Netherlands)) were used. The protocol was optimised to
comply with forensic genotyping kits and reads as follows: “Transfer 10 uL PCR product
to a new PCR plate (or strip). Shake the bottle with AMPure® XP beads gently to
resuspend the magnetic particles. Add 12 yL AMPure® XP beads to the PCR
product, mix |0 times by pipetting and incubate at room temperature for 5 min to
bind the PCR products to the beads. Place the PCR plate onto the Super Magnet Plate
and wait for 3 min to separate the beads from the solution.While the plate is on the Super
Magnet Plate, aspirate the cleared solution from the wells without touching the beads and
discard this solution. Take the PCR plate from the Super Magnet Plate; resuspend the
beads in 10 pL ddH2O and pipette 10 times up and down to elute the DNA. Transfer
the complete bead suspension to a prepared DTR cartridge and spin for 2 min at 9,600
rpm.

Results and discussion

The development of a protocol for size-selective post-PCR purification is described
in the electronic supplementary material (SupplementaryText 2 and Supplementary
Fig. 2).
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Improved analysis of degraded DNA

Thirty-nine DNA samples are subjected to several degradation methods and
degrees, using UV-light, freeze/thaw cycles, sonication, microbial overgrowth and long
preservation time, to mimic the various causes of degradation that may affect forensic
samples. After standard DNA analysis of these samples, the resulting DNA profiles are
categorised by degradation state: nine samples show little or no signs of degradation,
20 exhibit moderate degradation and ten present severe degradation. NGM™ PCR
amplifications of these 39 samples are compared after exposure to three methods: (1)
no post-PCR purification, (2) purification via DTR gel filtration and (3) purification
by the AMPure® protocol (which includes DTR gel filtration as well).

To determine the effect of the post-PCR purification methods on the alleles
called at various loci, we compared the peak heights of alleles in profiles from purified
amplification products to those of the corresponding alleles in the profiles derived
from non-purified PCR products and determined the average fold increase in peak
height for each locus. When signals approach saturation, alleles are excluded from
analyses (as these are quantitative assessments [21]). First, we examined the samples
categorised as moderately degraded, and Fig. |A shows the average fold increase
per locus for these samples.After DTR gel filtration, the fold increase is relatively constant
for all amplicon lengths and ranges between 2.0 and 2.3 times. For the size-selective
AMPure® purification protocol, the fold increase varies with amplicon length: alleles at
the shorter amplicons do not change peak height (fold increase of 1.0) and those at longer
amplicons increase up to 3.7 times. The preferential recapturing of the longer amplicons
by the AMPure® XP beads is well illustrated in Fig. IB that shows the average ratio
between the fold increase after AMPure® purification and DTR gel filtration at each
locus. Notwithstanding relatively high standard deviations, these values are in general
below one for the shorter and above one for the longer amplicons. Actually the NGM™
loci can be divided into three groups: (1) less selected by AMPure® purification
(D25441, D2251045, AMEL and DI10S1248; size range 70-125 bp); (2) equally
selected by the AMPure® and DTR protocols (D195433, D3S1358 and D8SI179;
size range 125—170 bp); and (3) preferably selected by the AMPure® procedure (VWA,
THOI, DIS1656,D21SI 1, D165539,D12S391, FGA, D18S51 and D2S1338; size range
|70-370 bp). When examining the data for the samples in the categories with little or
no degradation or severe degradation, the various loci appear to respond similarly
(Supplementary Fig. 3A and B). Since for the longest four amplicons in the severely
degraded samples no alleles are detected for the non-purified PCR products, the fold
increase cannot be determined.

Next, we analysed the effect of post-PCR purification on the number of detected
donor alleles (Supplementary Fig. 4). For the group of samples with little or no
degradation, the DNA profiles are already complete without purification, so no
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Fig. 1 (A) Average fold increase in peak heights when PCR products from moderately
degraded samples are purified by either DTR gel filtration (light grey bars) or the in-
house developed AMPure® protocol (black bars). This graph is based on a total of
522 alleles that were detected (i.e. above 50 rfu), but not saturated (i.e. below 6,000
rfu) in profiles of both non-purified and purified amplifications. The number of alleles
per locus ranged between 10 (for D251338) and 39 (for D1S1656). (B) Average ratio
between the fold increase in peak height of AMPure® purificationand DTR gel filtration.
In total, 510 ratios could be calculated (for samples for which the average fold increase
in peak height could be determined for both purification methods), varying between
10 (for D2S1338) and 39 (for D1S1656) ratios per locus. The horizontal line at ratio 1
represents an equal fold increase in peak height after DTR gel filtration and AMPure®
purification. For both (A) and (B), the loci are ordered by fragmentlength (from shorter
ones on the left-hand to longer fragments on the right-hand side). The error bars
represent the standard deviation.
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g 2 additional alleles can be detected (Table |). In
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some time). We recommend
analysing  DTR-purified PCR
products soon after purification,
as they gradually destabilise in
desalted conditions and the
fluorescent dye tags start to
detach from the primers after a
few days, resulting in an increase
of so-called dye blobs and a
decrease of allele peak heights in
the DNA profiles.

The efficiency of post-
PCR purification may vary
per sample (as is for instance
demonstrated by the relatively
large standard deviations in Fig.
I, resulting in a variable amount
of salts within the purified PCR
products. Consequently, the fold
increase in peak height varies
per DNA profile. Due to this
variable increase, the stochastic
threshold (below which peaks
are prone to drop out due to
stochastic amplification  effects
[22]) cannot be used reliably.
Therefore, we regard the use of
post-PCR purification as a low
level technigue and recommend
the use of low template strategies
such as replicate PCR analyses
and derivation of a consensus

profile [23].
The above-described
data illustrate that post-PCR

purification methods  can
efficiently increase the number
of detected alleles at the
longer loci in DNA profiles of
degraded samples. The methods

Table 2 Average percentage of detected alleles and average peak height at locus D10S1248 or D2S1338 for mixtures having ratios of 1:5, 1:10 and

1:15

1:15

1:10

1:5

Purification

Minor

Minor Major Minor Major

Major

33 %
45 %

58 % 89 % 43 % 85 %

74 %

93 %

No

Average percentage of detected alleles

57 % 95 %

90 %

95 %

DTR

57 % 95 % 42 %

96 %
1,860 (5)

3822 (4)
2,093 (5)

79 %

99 %

AMPure
No

254 (5)

1,747 (5)
4,168 (5)
1,895 (5)

602 (3) 370 (5)
1,328 (5)

2,145 (5)
3,547 (3)
2,578 (5)

Average peak height of D10S1248

611 (5)

253 (5)
n.a.

827 (5)

DTR

(number of non-saturated alleles)

382 (5)

658 (5)

AMPure
No

68 (3)
123 (7)
161 (7)

n.a.

81 (7)
132 (8)

n.a.
257 (8)

83 (6)
126 (8)

249 (9)

Average peak height of D2S1338

n.a.

n.a.

77 (3)
73 2)

DTR

(number of non-saturated alleles)

n.a.

AMPure

n.a. not applicable, due to lack of genotyping information
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hold the most potential for
(moderately) degraded samples
that show signs of peaks below
the detection threshold. For
those samples, the AMPure®
purification procedure (with
its size-selective properties)
may be especially useful as it
increases peak heights at the
longer, but not at the shorter loci,
thereby bringing more balance to
the DNA profiles.
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Improved analysis of unequal
DNA mixtures

315
DTR
AMPure

a

No purification

The analysis of degraded
samples is further complicated
when the samples represent
mixtures with an unequal ratio
between the contributors. The
high amount of DNA from the
major component at the shorter
loci leads to over-amplification
or overloading when the analysis
is sensitised in order to retrieve
genotyping  information  from
the minor contributor at the
longer loci. Thus, we prepared
I5 mixtures of degraded DNA
samples in various ratios (i.e. 1:5,
[:10 and [:15) and assessed the
performance of the AMPure®
procedure in comparison to
no and DTR purification. The
corresponding unmixed samples
(0 and 0:) were analysed
as well. For the non-purified
samples, the average percentage
of detected alleles for the major
component (which was kept at a
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Improved analysis of long STR amplicons from degraded DNA

fixed DNA input) is around 90 %; for the minor component, this percentage drops to
58,43 and 33 % for the ratios 1:5, .10 and |:15, respectively (Table 2). Both components
show the allele drop-outs specifically at the longer loci. The effects observed for the
single source degraded samples occur in the mixed samples as well. Firstly peak heights
show an overall increase after DTR gel filtration and a size-selective increase at the
longer loci after AMPure® purification. lllustrative electropherograms are provided in
Fig. 2, and the average peak height of the detected alleles for both the major and minor
components at a short (D10S1248) and a long (D2S1338) locus is shown in Table 2.
Secondly saturated peaks (heights above 6,000 rfu) occur somewhat more after DTR
gel filtration (n=14) than after AMPure® purification (n=3). Thirdly more alleles are
detected for both mixture components after both purification strategies (Table 2), with
the AMPure® protocol retrieving slightly more genotyping information.

The specifics of the difference in the number of detected alleles between purified
(either by DTR gel filtration or AMPure® purification) and non-purified PCR
products are presented in Fig. 3. This graph differentiates between short, middle range
and long loci and between unshared major and minor component alleles and shared
alleles. At the short loci (red shades), saturated peaks occur after DTR gel filtration.

o

major
major
minor
minor
major
minor
major
minor
shared
major
minor
shared
major
minor
shared
major
minor
shared
major
minor
shared

Average number of alleles difference with non-purified PCR products
shared

DTR AMP  DTR AMP DTR AMPure DTR AMPure DTR AMPure
0:1 1:0 1:5 1:10 1:15

mD2S441 @D22 mAMEL mD10 0D19S433 gD3S1358 @mD8S1179 mwWVA mTHO1 mD1S1656 mD21S11 mD16S539 mD12S391 mFGA mD18S51 mD2S1338

Fig. 3 Average number of allele difference between purified and non-purified PCR
products. A comparison was made between DTR gel filtration and AMPure® post-
PCR purification after differentiation between major, minor and shared alleles. Gained
alleles are shown as a positive number, saturated alleles as a negative value. The markers
are shaded in red tones for the shorter loci, in grey for the mid-range and in green tones
for the longer fragments. Mixture ratios 1:5, 1:10 and 1:15 were performed in five
replicates, and the corresponding unmixed samples were tested in fivefold for 1:0 and
in fourfold for 0:1. Standard deviations are not shown for clarity.
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Alleles for which the major contributor is homozygous and alleles shared between
both contributors appear especially prone to saturation. For the mid-range loci (grey
shades), a gain of alleles is seen especially for the minor component in the mixtures
having 1:10 and I:15 ratios (the minor component shows only few drop-out alleles
at these loci in the non-purified 1:5 mixtures). The effects of DTR and AMPure®
purification are similar at these loci, although few shared alleles become saturated
after applying the AMPure® procedure. Most of the effect of the post-PCR purification
methods is seen at the long loci (green shades), as many alleles of both contributors
are gained. The largest gain in detected alleles occurs for the minor contributorin 1:5
mixtures, and the AMPure® protocol retrieves on average slightly more alleles than
the DTR procedure.

These results show that post-PCR purification can improve genotyping of both
single source and (unequally) mixed degraded DNA samples.The in-house developed
AMPure® protocol (including DTR gel filtration) has the potency to bring more
balance to profiles showing a degraded pattern.

Concluding remarks

To improve STR profile analysis of (unequally mixed) degraded DNA samples,
we developed a post-PCR purification method that takes advantage of the size-
selective properties of AMPure® XP beads. This method was compared to DTR
gel fittration and no purification of the PCR products.While DTR purification results in
an approximately twofold increase of peak heights at all loci, AMPure® purification
increases the signals at the longer loci three- to fourfold, while those at short loci
are not increased. Both methods can provoke the occurrence of saturated peaks
that are undesirable and should be excluded from quantitative assessments [21].
DTR purification produces more saturated peaks that reside predominantly at the
shorter amplicons, while the AMPure® procedure gives less saturated peaks that are
present mainly at the mid-range amplicons. WWe do not anticipate that adaptations
in the AMPure® protocol could reduce the occurrence of saturated peaks; when
the PCR product to beads ratio would be lowered, the recovery of fragments at
the longer loci would be reduced as well. Overall, slightly more alleles are detected,
especially for the longer amplicons, with the AMPure® protocol than with DTR
purification alone. In general, alleles are only retrieved when signals appear present below
the detection threshold in the profiles of non-purified PCR products, and the success of
the approach is influenced by mixture ratio and degradation state. In conclusion, the in-
house developed AMPure® protocol can be an efficient new forensic tool to increase
the number of detected alleles in STR profiles of single source and (unequally) mixed
degraded DNA samples.
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Supplementary material

Supplementary Text |
DNA samples

For assay optimisation pristine control DNAQOO7 (Applied Biosystems (AB), Foster
City, CA,USA) was used.To test the performance of the assay on samples with various
levels of DNA degradation, 39 samples were subjected to several degradation methods
as described below. Six samples were extracted from 450-550-year-old bone samples
excavated in Delft (the Netherlands) [18]. One sample originated from a vaginal swab
that was overgrown with microbes. Four samples were prepared with pristine DNA
from the Quantifiler™ Human DNA standard (200 ng/ul) and irradiated with UV-
light for 0, 10, 30 and 60 minutes, following the protocol as described by Westen et
al. [19]. Seven samples, extracted from blood of different donors, were diluted to +
0.5 ng/uL and exposed to several freeze (-20 °C) and thaw (room temperature)
cycles. Three other samples derived from blood donations were subjected to seven
different sonication settings each (Supplementary Table ) that created fragments of
different lengths (QlAxcel images for all 21 DNA samples are shown in Supplementary
Figure 1). Sonication was performed on a Covaris™ S2 instrument (Covaris, VWWoburn,
MA, USA) in microTUBEs with |10 pL [*TE-buffer and 10 pL sample (£ 50 ng/pL).
Except for the bone samples, DNA profiles were known and volunteers had provided
informed consent.

Supplementary Table 1 Covaris settings for degradation of DNA by sonication.

Duty cycle Intensity Cycles/burst Time (s) # Cycles

a - - - - -
b 5% 3 200 20 1
c 10% 4 200 120 2
d 10% 5 200 180 3
e 10% 5 200 360 6
f 10% 5 200 540 9
g 10% 5 200 900 15
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250bp 25bp 25bp
8kb 1a 1b 1c 1d 1e 1f 1g 450bp2a 2b 2c 2d 2e 2f 2g 450bp3a 3b 3c 3d 3e 3f 3g
ladder ladder

Supplementary Fig. 1 DNA integrity of Covaris-degraded samples. Three DNA samples
were subjected to seven Covaris settings (Supplementary Table 1) to fragment the DNA.
DNA quality is visualised on a QIAxcel system (Qiagen, Venlo, the Netherlands) using
DNA size markers of 250 bp - 8 kb (four fragments can be seen: 250 bp, 500 bp, 750 bp
and 1 kb) and 25 bp - 450 bp (fragments at 25 bp intervals).

These 39 DNA samples, which included four non-degraded samples (O minutes UV-
irradiation and setting “a" for the three Covaris-degraded samples), were genotyped
using standard DNA analysis as described in the next paragraph. Based on the profiling
results, they were divided into three categories: |) little or no signs of degradation (all
alleles detected); 2) moderate degradation (peak heights at the longer loci in the region
of the detection threshold and ranging from just above to well below) and 3) severe
degradation (no peaks for the longer loci, not even below the detection threshold).To
link these categories and the apparent DNA integrity on gel (Supplementary Figure
I): DNA samples subjected to Covaris settings “a” and "‘b” become categorised as no
or little degradation (DNA fragments predominantly above 200 bp), those exposed
to settings “c’ and "'d” illustrate the category moderate degradation (predominant size
range 200-50 bp) and DNAs affected by settings “e”,"f"" and “g"” become regarded as
severely degraded (DNA fragments mostly 125-25 bp in length).

DNA mixtures were prepared from the Covaris-degraded samples |c and 2c
(Supplementary Table |). Besides using both samples unmixed (O:1 with n = 4 and
I:0 with n = 5), they were mixed in the ratios 1:5, I:10 and I:15 (all with n = 5).In
these mixtures, the major component was fixed at | ng DNA per reaction (quantified
after sonication) and the minor components contained 200, 100 and 67 pg DNA,
respectively.

DNA quantification and PCR

After the degradation procedures were performed, all DNA samples were
quantified using an ALU-assay, based on the publication by Nicklas and Buel [20]. The
amplicon size in this assay is 127 bp (for total DNA quantification), which makes
the assay predictive of STR amplification success with degraded samples [20]. Indeed,
the serially degraded samples showed a decrease in measured DNA quantity with
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stronger treatment, while all samples within one series were prepared from one stock
solution. DNA amplification was performed with the AmpFISTR® NGM™ PCR
Amplification Kit (AB), according to the manufacturer’s protocol using 0.5 ng DNA as
input if available (except for the mixtures, see previous paragraph).

Capillary electrophoresis and DNA profile analysis

PCR products were detected by capillary electrophoresis on an ABI Prism 3 130x
Genetic Analyser (AB). Non-purified samples were analysed in a blend of 8.7 uL
Hi-Di™ formamide (AB), 0.3 pL GeneScan™-500LIZ™ size standard (AB) and 1.0
pL PCR product or allelic ladder (AB). Purified samples (after DTR gel filtration or
the AMPure® protocol) were injected in a blend of 6.5 uL Hi-Di™ formamide, 1.5
pL 1:100 diluted GeneScan™-500LIZ™ and 2.0 pyL PCR product. After 5 min of
denaturation at 95 °C and 5 min on ice, the PCR products were analysed with injection
settings of 3 kV for 10 s for the experiments assessing single source samples and 3
kV for 5 s for the mixture experiments. These reduced settings were used to prevent
too high overloading for the major component upon sensitised injection. Also, in the
mixture experiment only 1.0 pL purified PCR product was taken instead of 2.0 plL.
DNA profiles were analysed using GeneMapper® ID-X v. I.1.1 (AB). The detection
threshold was set at 50 relative fluorescent units (rfu) and alleles with peak heights
above 6000 rfu (that may have signal saturation) were excluded from calculations that
involved peak heights and marked as a saturated peak when determining the number
of detected alleles. In all profiles, each peak was counted as one allele irrespective of
zygosity state as the genotypes were unknown for some of the samples (the bones).

Supplementary Text 2
Developing a protocol for size-selective post-PCR purification

The size-selective properties of AMPure® XP magnetic beads depend on the
ratio between PCR product and AMPure® XP beads [16,17], and therefore we
first explored how various ratios function when applied to forensic STR genotyping
products (Supplementary Figure 2).When using the recommended ratio of | volume
of PCR product to 1.8 volumes of AMPure® XP beads, the NGM™ DNA profiles
show increased peak heights for all loci (i.e. both the shorter (70 to 125 bp) and
the longer (225 to 370 bp) amplicons) compared to the non-purified amplification
products. When the relative amount of magnetic beads is lowered to |:1.6, 1:1.4 or
[:1.2, the increase in peak height for the shorter amplicons reduces, while the peak
heights for the longer amplicons remain augmented.When the ratio is lowered further
to 1:1.0 or below, all peak heights decrease significantly, and for the ratio of 1:04
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allele drop-outs start to occur. Size-
selectivity of the AMPure® XP
beads was also reported by David
Edwards [16], although he observed
slightly different recovery effects, as
fragments below 150 bp and 200
bp were not retrieved with ratios
of 1:0.8 and 1:0.6 respectively. The
finding that in our study all fragments
in the DNA profiles (that range from
70 to 370 bp) are recaptured for
these ratios, is probably due to the
higher sensitivity of our detection
method (agarose gels for [15] versus
fluorescently-labelled fragments on
CE here).We regard the ratio of 1:1.2
as most potent to improve forensic
DNA profiles of degraded samples,

Supplementary Fig. 2 Post-PCR
purification by AMPure® XP
magnetic beads (according to the
manufacturer’s protocol) in various
volume ratios of PCR product and
beads (1:1.8 down to 1:0.4). These
experiments are all based on 500
pg pristine DNA0O07 NGM™ PCR
amplifications of which 24 pL
were used during the AMPure®
purification and 1 pL purified PCR
product was analysed by CE. A non-
purified control sample is shown
in the bottom row. On each row, the
first (D10S1248; 70-125 bp) and the
last locus (D2S1338; 280-360 bp) of
the blue (6-FAM) channel are shown.
The peaks of the control sample are
labelled both with the allele call and
the peak height; the other samples
are labelled with the peak height only.
The Y-axis is scaled to 6000 rfu in all
panels.
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as the peak heights for the longer loci become substantially increased, while those at
the shorter amplicons are somewhat reduced; it is anticipated that this will not lead to
loss of genotyping information as degraded DNA profiles typically have high peaks for
the short fragments. Thus, based on this ratio, we optimised the protocol for forensic
applications.

Aspects for protocol optimisation included: ) the input volume of PCR product
(10 or 24 pL; 10 pL would save some PCR product for other analyses and fits with
lower PCR volumes), 2) the number of ethanol washing steps (O or 2; less washes are
preferred as washing generally induces sample loss), 3) the elution volume (10, 20, 30
or 40 pL; the amplified fragments are higher concentrated in a lower elution volume,
which enables more fragments to be injected during CE), 4) elution in ddH2O or Hi-
Di™ formamide (Hi-Di™ formamide would allow to use a larger portion of the eluted
liquid for CE analysis), 5) elution by diffusion (according to manufacturer’s protocol)
or active resuspension by pipetting beads and elution liquid 10 times up and down
(to increase fragment elution) and 6) recovery of eluate by careful pipetting (beads
collected at the magnet) or using DTR gel filtration (beads remain on top of filtration
gel). The optimised protocol is described in the Material and methods section. Next,
we assessed the performance of this protocol on NGM™ amplifications of single
source and unequally mixed degraded DNA samples.
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Supplementary Fig. 3 Average ratio of the fold-increase in peak heights of the AMPure®
protocol and DTR gel filtration for (A) no or little degraded samples and (B) severely
degraded samples. The loci are ordered by fragment length (from shorter ones on the left-
hand to longer fragments on the right-hand side). The error bars represent the standard
deviation. The horizontal line at ratio 1 represents an equal fold-increase in peak height
after DTR gel filtration and AMPure® purification. (A) For the no or little degraded
samples 224 ratios could be calculated, varying between 9 (for D851179 and vWA) and
18 (for D2251045 and D12S391) ratios per locus. (B) For the severely degraded samples
157 ratios could be calculated, varying between 3 (for D12S391) and 18 (for D2S441 and
D3S1358) ratios per locus. No ratios could be determined for the longer loci, due to the
lack of genotyping information in the profiles of non-purified PCR products.
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