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A B S T R A C T

The RapidHIT™ 200 device from IntegenX® provides a sample-to-profile platform that is capable of processing a variety of sample types. In this study we review the
sensitivity of the ‘Run Other’ protocol for processing crime stain type samples containing various input quantities of DNA using the AmpFℓSTR® NGMSElect™ Express
PCR Amplification Kit cartridges available from IntegenX®. The range of DNA inputs which achieved useable results were not as desired and therefore various
enhancements to the instruments extraction processes were investigated. These studies showed an improvement in the range of DNA input templates that could by
processed on the RapidHIT™ 200 by using the enhanced methods and resulted in three new run protocols.

1. Introduction

The use of short tandem repeats (STR) is a central tool within the
United Kingdom (UK) Criminal Justice System with DNA being sourced
from a wide variety of materials. The RapidHIT® 200 (IntegenX®,
Pleasanton, CA, USA) integrates the sample handling steps starting from
buccal swabs or crime stain samples through DNA extraction, normal-
isation, amplification, separation and detection [1–4]. This instrument
has been validated for use on buccal samples for loading to the UK
National DNA Database (NDNAD) by Key Forensic Services, UK [5].
This validation was carried out to the appropriate standards for DNA
forensic work in the UK [6–8] and includes the use of the AmpFℓSTR®
NGMSElect™ Express PCR Amplification Kit from Thermo-Fisher Sci-
entific (Waltham, MA, USA) [9].
Previous studies published on the use of the RapidHIT™ 200 device

with crime stain material [10–14] have focused on the AmpFℓSTR®
GlobalFiler™ Express PCR Amplification Kit (Thermo-Fisher Scientific,
Waltham, MA, USA) and are not, therefore, directly related to the use of
the instrument on these sample types in the UK. A literature search
revealed no publications on the use of NGMSElect™ Express PCR kit
with casework type samples on the RapidHIT™ 200.
In order to examine the suitability of the RapidHIT™ 200 for pro-

cessing crime stain type materials using the NGMSElect™ Express car-
tridges available from IntegenX® a series of tests have been undertaken
using the standard ‘Run Other’ protocol. This protocol was designed by
IntegenX® to facilitate the processing of samples with lower input DNA
templates than seen with typical buccal samples and is based on their

protocols for GlobalFiler™ Express [11]. It is selected during instrument
run setup and is different to the ‘Buccal’ protocol previously validated
[5]. After the results from the initial NGMSElect™ Express study, co-
operation from IntegenX® was sought to devise and test a selection of
variants on the instrument extraction parameters and attempt to im-
prove the range of input templates that yield useful DNA profiles.
In this paper we present the results from the studies on both the

‘Run Other’ and enhanced protocols.

2. Materials and methods

2.1. Sample preparation

Positive control samples were created by adding 100 μl of whole
blood from a male donor with a known DNA profile, directly to a 3"
Forensic Woodstick Mini-Swab (WA Products, Essex, UK).
In order to mimic basic casework samples from blood spots on non-

porous surfaces, blood samples were prepared on acetate sheets (WA
Products, Essex, UK) using whole blood from the same donor as used for
the positive samples. Blood spots were created to cover the range of
spots routinely encountered in casework: 10mm, 7mm, 5mm, 2 .5mm
& 1 .5mm diameters. Each sample was allowed to dry at room tem-
perature. Samples were swabbed from the acetate using wet 3" Forensic
Woodstick Mini-Swab (WA Products, Essex, UK) to remove all visible
blood. Each stain and swab was photographed to produce a visual re-
ference set for future operators.
In order to test a range of input DNA than achieved with the blood
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samples (≤15 ng), the human embryonic palatal mesenchymal cell-
line, designated 1000M (ATCC, Manassas, Virginia, USA) was used.
Samples were prepared to give DNA yields in the 15 ng to 6 pg range,
based on 6 pg DNA per diploid cell using PBS buffer to create the di-
lutions. In each case 30 μl of cells/PBS buffer was added to
OmniSwabs™ (GE Healthcare/Whatman, Maidstone, UK) [11].
Table 1 shows the expected concentration of the DNA on each swab

based on 6 pg DNA per diploid cell and measured concentration from
the Bench Top processes.

2.2. RapidHIT™ 200 protocols

Two RapidHIT™ 200 instruments (RH200-0021 and RH200-0024)
were used. These instruments were operating with version 1.3.3 of the
RapidHIT™ 200 software suite, which incorporates GeneMarker® HID
Auto v.2.6.13 (SoftGenetics®, State College, PA, USA) [15].
The bead concentration, LysisSoakTime and

DNAToBeadCaptureCycles parameters control the stages of the extrac-
tion process which affect DNA extraction efficiency. Each parameter
change is described as follows:

=
=
=

A B C A B
C

x / / where bead concentration,
LysisSoakTime (in minutes),
DNAToBeadCaptureCycles (in seconds)

The bead concentration is the concentration of paramagnetic beads
in the sample cartridge relative to IntegenX® standard concentration,1

the LysisSoakTime is the length of time which samples are held in lysis
buffer with the heaters switched on and the DNAToBeadCaptureCycles
is the length of time allowed for the DNA to be bound to the para-
magnetic beads before the magnets are inserted into the sample car-
tridge to immobilise the beads prior to washing.
The initial testing was carried out using the standard ‘Run Other’

protocol; using the nomenclature defined above this protocol would be
described as x1/6/50.
In order to test the use of increased paramagnetic bead concentra-

tions, IntegenX® manufactured one-off custom NGMSElect™ Express
cartridges with x2, x3 & x4 the standard concentration at the request of
the authors. For the other tested parameters the ‘Run Other’ protocol
script within the v.1.3.3 software was modified by the authors.
Parameter sets (Table 2) were tested individually and then in combi-
nation, combinations were based on the results from the single para-
meter tests.

2.3. RapidHIT processing and data analysis

Each blood spot, positive control and cell-line dilution was tested
twice on each parameter; positive controls were included in all runs. In
all cases sample was introduced to the RapidHIT™ 200 sample cartridge
using sterile tweezers. These samples were processed using 2×3-
sample NGMSElect™ Express cartridges.
Profile analysis was carried out using the GeneMarker® HID

Software v2.6.13 (SoftGenetics®, State College, PA, USA). A limit of
detection of 35 rfu was used throughout; this value was derived during
the validation of the RapidHIT™ 200 using NGMSElect™ Express car-
tridges for buccal samples [5]. Data analysis was carried using the
Microsoft® Excel software.

2.4. Manual processing and data analysis

In order to provide comparison to the current ‘Bench Top’ processes
in place at Key Forensic Services for the processing of casework samples
two sets of each blood spot, positive control and cell-line dilution were
profiled. DNA extraction was carried out using the QIAamp® DNA Mini
Kit (Qiagen, Hilden, Germany) and concentrated using Microcon®
(Merck Millipore, Burlington, MA, USA) giving a final extract volume of
20 μl. Each sample was quantified, in duplicate, using Plexor® HY real-
time PCR quantification kit (Promega, Maddison, WI, USA). Allele
amplification was carried out using the PowerPlex® ESI17 Fast PCR
amplification kit (Promega, Maddison, WI, USA) and electrophoretic
separation carried out on the Life Technologies™ 3130xl (Thermo Fisher
Scientific, Waltham, MA, USA). Profile analysis was carried out using
GeneMapper ID-X v1.3 (Thermo Fisher Scientific, Waltham, MA, USA).
A limit of detection of 25 rfu was used throughout; this value was de-
rived during the validation of the ‘Bench Top’ methods at Key Forensic
Services. Data analysis was carried out in the Microsoft® Excel software.

3. Results & discussions

3.1. Sample preparation

Blood samples were set up as described – see Supplementary
Information for photographs of samples. Table 1 shows the total
amount of DNA present in each sample processed via the ‘Bench Top’
process and, therefore, an estimate of the amount of DNA introduced to
the sample cartridge for each type tested. This range covers the typical
range of sample input template seen from crime stain materials [Key
Forensic Services – Internal Data, April 2018].

3.2. Comparison between ‘run other’ and ‘bench top’ process

All samples processed with both the ‘Bench Top’ and RapidHIT™
200 ‘Run Other’ protocols were concordant with the expected donor
alleles and no incidences of additional ‘drop-in’ peaks were observed.
A greater number of donor alleles were detected over a wider range

of input template amounts when using the ‘Bench Top’ process com-
pared to the run other protocol (Fig. 1). The percentage of expected
donor alleles is calculated for all samples in each DNA input template
category using the following formula, homozygote peaks> 500 rfu are

Table 1
Expected and measured amounts of DNA (±1× SD) on both blood spots and
cell-line samples.

Blood spot diameter/Expected total DNA Average total DNA from ‘Bench Top’
process:

Positive 233.40 ng ± 74.9
Blood spots 10mm 307.45 ng ± 49.6

7mm 152.82 ng ± 43.4
5mm 73.09 ng ± 27.5
2.5 mm 3.48 ng ± 0.8
1.5 mm 1.26 ng ± 0.4

Cell-line sample 15 ng 13.90 ng ± 0.9
1 ng 798.8 pg ± 173.2
100 pg 110.0 pg ± 24.7
25 pg 23.1 pg ± 20.0
6 pg 5.6 pg ± 11.2

Table 2
Parameter sets tested.

Run parameter Setting (bead conc/lysis time (mins)/
bead capture (s))

Run other protocol x1/6/50
Increased DNAToBeadCaptureCycles x1/6/100, x1/6/200
IncreasedLysis soaktime x1/30/50, x1/60/50
Combinations x1/30/100

x2/6/100, x3/6/100, x4/6/100

1 The precise concentration of beads is not known to the authors as it is
IntegenX® propriety information
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counted as two peaks:

×

×"Number of alleles observed in all profiles in category"
"Number of alleles in PCR kit"

"Number of samples processed in category"

100

This calculation gives an overall percentage of donor peaks, as

opposed to an average of the repeats or maximum observed.
As the DNA input template is decreased there is an associated de-

crease in average peak height.
Whilst this trend is expected, it can be seen that the average peak

height is lower with the RapidHIT™ 200 protocols than the ‘Bench Top’
methods.
It can be seen that there is more profile information gained from the

bench top methods in the input template range between 110 pg and

Fig. 1. Comparison of the performance of the RapidHIT™ 200 ‘Run Other’ protocol compared to the current ‘Bench Top’ method. (n= 4 per template;
averages ± SD).
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Fig. 2. Comparison of performance of increased DNAToBeadCaptureCycles times (n=4 per DNA Input Template).
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13.9ng; this is the range for a large number of crime stain samples [Key
Forensic Services – Internal Data, April 2018]. Examining the average
peak heights it is clear that this difference in performance is not due to
the differences between the limit of detection used on the two systems.
The average peak height from the ‘Bench Top’ method is in excess of the
limit of detection down to 110 pg. Therefore, the enhanced protocols
have been assessed to attempt to improve the range of DNA input

templates which can be processed on the RapidHIT™ 200.

3.3. Assessment of enhanced protocols

Initially the ‘DNAToBeadCaptureCycles’ time was extended. Fig. 2
shows the effect of increasing the time allowed for DNA to bind to the
beads in terms of the percentage of expected donor alleles observed.
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Fig. 3. Comparison of performance of increased lysis times to ‘Run Other’ Protocol (n=4 per DNA Input Template).
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Fig. 4. Comparison of combined increased of DNAToBeadCapture and Lysis Times to ‘Run Other’ Protocol (n= 4 per DNA Input Template).
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DNAToBeadCaptureCycles times of both 100 s and 200 s show im-
provement over the original ‘Run Other’ protocol with full profiles
being generated from all samples processed under the x1/6/100 con-
dition at an input DNA template of 3 .5ng.
Altering the lysis time was also seen to show improvement with the

x1/30/50 conditions, in terms of the percentage of expected donor al-
leles observed (Fig. 3). However, the use of x1/60/50 caused a severe
reduction in the number of observed alleles. It is believed that this is
due to over-loading of the PCR reaction with template DNA or due to
the extended period for which the samples are held at 120 °C in the lysis
buffer, causing denaturation and possibly degradation of the DNA.
Combining the 30min lysis time with the 100 s

DNAToBeadCaptureCycles setting also showed a decreased percentage
of observed alleles at the higher DNA input templates (Fig. 4). As this is
similar to the response seen with the x1/60/50 setting it is expected
that this is due to overloading over the PCR reaction; preventing the
amplification.

3.4. Assessment of increasing bead concentrations

In order to assess the effect of increasing the concentration of the
para-magnetic beads the 6/100 parameter set was used with x2, x3, and
x4 bead concentration. The study focused on the low-template, cell-line
samples. As it can be seen (Fig. 5) the increased bead concentrations did
not improve the performance of the RapidHIT™ 200 system to process
low inputs of DNA and a reduction in performance was observed at
most DNA concentrations compared with the x1/6/100.

3.5. Protocol selection

Based on the data presented here three new protocols are proposed;
x1/6/100, x1/6/200 and x1/30/50. Fig. 6 shows the effect of these
protocols in terms of average peak height when compared to the ‘Run
Other’ protocol. It can clearly be seen that the x1/6/100 protocol has
improved peak heights when compared to the ‘Run Other’ protocol and
the other new protocols at the majority of DNA input templates.
Therefore, this protocol is recommended for stain types similar to those
tested in this study. Whilst the x1/6/200 and the x1/30/50 protocols

are not as efficient as the x1/6/100 protocol these were retained at this
stage to allow for testing of a wider range of DNA substrate materials
during future studies.
Fig. 6 also shows the average peak height ratio (%, smallest/largest

peak height) for each dataset for heterozygotes. It can be seen that as
the profile heights decrease the peak height ratios also decrease, as
expected. With the exception of one locus at the x1/30/50 parameter,
profiles from DNA input templates of 798.8pg or less contained only
single peaks due to allelic drop out.

4. Conclusion

Even though this is a limited study in terms of sample numbers it
can be seen from the data collected that it is possible to improve the
range of DNA input templates that can be processed on the RapidHIT™
200. The greatest affect was seen by increasing the time allowed for the
DNA to bind to the beads in the wash chamber before applying the
magnets (‘DNAToBeadCaptureCycles’) or by extending the lysis time up
to 30min. However, it must be made clear that the range of DNA input
templates is still not as wide as possible with the traditional ‘Bench Top’
processes.
Using these modified parameters in combination also results in

improved allele detection at lower input DNA templates. There is,
however, a detrimental effect when higher input templates are used or
lysis time is extended beyond 30min. The use of increased concentra-
tions of paramagnetic beads within the sample cartridges was also
shown to be slightly detrimental to the overall number of alleles de-
tected without demonstrating a significant improvement in perfor-
mance. In all cases where a reduction in detected alleles was observed
in higher DNA templates it is believed that this is as a result of over-
loading of the PCR reaction. This may also have been compounded by
the increased lysis time causing some level of DNA denaturation or
degradation.
Based on these results three new protocols have been proposed to

replace the ‘Run Other’ protocol for the AmpFℓSTR® NGMSElect™
Express PCR Amplification Kit cartridges on the RapidHIT™ 200 for
sample types similar to those tested in this study. The use of x1/6/100,
x1/6/200 and 1x/30/50 protocols will require further studies to
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determine which protocol is optimal dependant on the DNA input
template and substrate for a range of different crime stain types. All of
these options extend the run time of the instrument, from 1 h 40min
(Run Other) up to 2 h 35min (x1/30/50 protocol). This is compared to
an approximate time of 7 h for the Bench Top process with a similar
sample number. Whilst this extended run time is unfortunate this is
offset by the benefit of increasing the sensitivity of the instrument and
the range of crime stains that yield useful results. The process is still
much faster than traditional ‘Bench Top’ methods by several hours and
requires far less operator intervention, reducing operator time and
contamination risk. Following the outcome of this study IntegenX® will
release these protocols in version 2.1 of the RapidHIT™ 200 instrument
software [16]. They will be available as an optional extra alongside the
‘Run Other’ and ‘Buccal’ protocols on the instruments potentially fur-
ther extending the range of materials that can be processed with lower
DNA input templates.
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