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Developmental Validation of the forensicGEM Universal
Kit for the Extraction of Genomic DNA
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Shrivastava Pankaj, PhD,4 Rajendra V.E. Chilukuri, PhD,5 and Pamela Marshall, PhD3,6

Abstract
Commercially available solid-phase DNA extraction kits are commonly used in forensic science today. The
forensicGEMTM Universal kit is a new generation approach to DNA extraction that uses a thermophilic pro-
teinase and temperature to yield DNA that is ready for downstream applications. In this study, we describe
the developmental validation of the forensicGEM Universal kit in accordance with current validation recom-
mendations. The forensicGEM extraction kit has shown to provide genomic DNA for downstream polymer-
ase chain reaction (PCR)-based applications. DNA was recovered from samples with very low quantities of
blood and saliva (0.01–10 lL). Although inhibitors were not physically removed from the extracts through
wash steps, amplifications were not inhibited downstream of the forensicGEM extraction. Case-type samples
yielded full profiles, devoid of PCR artifacts, where expected, based on quantification of the samples. The
developmental validation of the forensicGEM product serves to define the reaction conditions and limita-
tions for its use in routine forensic case work.

Introduction
DNA extraction is a critical first step in the workflow for

forensic DNA analysis. The aim of an extraction is to ef-

fectively release DNA from cells and bound by proteins

then purify the DNA for use in downstream polymerase

chain reaction (PCR)-based amplification. How effective

the DNA extraction and purification steps are dictates the

success of generating a DNA profile. To date, DNA

extractions performed for forensic applications include

liquid–liquid extraction (phenol–chloroform, P:C), and

have evolved to include magnetic bead extraction and

spin column-based extraction (solid phase or physical ex-

tractions).1 Much like all molecular methods, advantages

and disadvantages exist for each.

Research performed in the 1950s led to the P:C organic

extraction that is still used today to extract DNA from

various sample types.2,3 The P:C extraction originally

isolated RNA while the DNA remained bound and inter-

acting with protein.3 Sodium dodecyl sulfate (SDS) was

introduced to denature proteins, at first, and then protein-

ase K was incorporated into P:C protocols in 1989.3,4 Sci-

entists already knew DNA can be precipitated with

ethanol; thus, a precipitation step was incorporated by

some laboratories. The P:C extraction provides purified

DNA through multiple liquid–liquid extraction steps and

washes.

At each step of a P:C extraction, some DNA will be

lost, yet, the steps are necessary to separate the DNA
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and to remove PCR inhibitors such as phenols and SDS.5

The advantage of the P:C method is the recovery of puri-

fied DNA, and the disadvantages are many: the use of

hazardous chemicals, incomplete phase separation, a la-

borious process, multiple opportunities for contamination

or sample switching, and the use of many tubes and pi-

pette tips to conduct the extraction.6,7 In 1998, the second

generation of DNA extraction methods was proposed—

commercially available and solid-phase extraction kits.8

Most of the commercial extraction kits available today

can be classified as a solid-phase extraction, with the use of

magnetic beads or spin columns to perform the extraction.7

Magnetic beads were patented in 1998,9 whereas research

with spin column-based methods began to appear in the lit-

erature.8 The solid-phase methods employ the concepts

that the nucleic acids will bind (magnetic beads) or absorb

(columns); depending on the pH and salt content of the

buffer,7 the proteins and cellular components will be

washed away, and the nucleic acids are recovered by

changing the pH and/or salt content of the buffer.

The same issue that SDS and proteinase K present in the

P:C extraction come into play with solid-phase extractions,

wash steps are required to remove chemicals before down-

stream processing such as PCR and with wash steps comes

the subsequent loss of DNA. Solid-phase extraction meth-

ods moved the forensic field forward by overcoming some

of the drawbacks of P:C extraction, such as the use of haz-

ardous chemicals, a lengthy method, and incomplete sep-

aration of phases. However, with frequently opening the

sample tubes for wash steps, the samples are still vulnera-

ble to contamination, or a sample switch, and many plas-

tics are consumed in the process.

Solid-phase extraction methods also introduced the

need for a magnetic microcentrifuge tube stand or fre-

quent use of a centrifuge to perform the separation of

DNA from the protein and cellular components. Now,

temperature-driven extraction (TDE) is available as a new

approach for DNA extraction that continues to overcome

drawbacks of earlier methods.

TDE is an approach to nucleic acid extraction that elim-

inates the need for proteinase K, SDS, columns, beads, or

harsh organic chemicals that may inhibit PCR or down-

stream applications. A mixture of thermophilic and meso-

philic enzymes that work at different temperatures is

prepared in a buffer in a TDE extraction mixture.10 Specif-

ically, a proteinase, forensicGEM�, has an optimal tem-

perature of 75�C and is then inactivated at 95�C. The

reaction is driven by increasing the temperature of the re-

action mixture and sample in a thermal cycler or dry heat

block.10 With minimal manual manipulation, enzymes

will extract nucleic acids from cells.

The use of the ’forensicGEM proteinase is a new ave-

nue of DNA extraction that overcomes many drawbacks

of earlier generations: the sample tube is opened once,

thus minimizing the potential for contamination, no

harsh chemicals are used, minimal laboratory plastics

are consumed, the process is not laborious but rather sim-

plistic, it does not include wash steps that decrease DNA

yields, is fast, and does not require any additional equip-

ment to process samples.10

forensicGEM Universal is a commercially available

TDE product that has been used for various types of evi-

dence with success (MicroGEM US, Charlottesville,

VA).10–15 Early literature demonstrates the use of foren-

sicGEM Universal for extracting DNA from blood, buccal

swabs, hair roots, mock case samples, and historical

cases.10 forensicGEM Universal consistently recovered

more DNA than Chelex (bead-based approach) in all sam-

ple types tested in a previous study.10 In a study evaluating

DNA yields from fingerprints on glass bottles, plastic, and

paper, full profiles were recovered on >300 samples.11

The recovery of endogenous and exogenous DNA

from fingernails was studied by Nagle and it was deter-

mined that the forensicGEM Universal protocol can be

flexible to target the recovery of different DNA sources.12

Success has also been observed when extracting DNA

from decomposed tissue, mummified remains, and inten-

tionally degraded samples with the forensicGEM Univer-

sal kit.13–15

The forensicGEM Universal kit overcomes many of

the drawbacks present in first- and second-generation

DNA extraction methods used in forensic science. The

research herein aimed to conduct a formal developmen-

tal validation of the forensicGEM Universal product in

accordance with Scientific Working Group on DNA

Analysis Methods recommendations to determine the

conditions and limitations of the product for use on foren-

sic, case work, database, and reference samples. This de-

velopmental validation enables forensic scientists to

extract genomic DNA from biological samples and is

ready for downstream applications such as PCR.

Materials and Methods
Biological samples were obtained from consenting do-

nors under institutional review board approval at partici-

pating laboratories. All donors were over the age of 18

years. Three blood samples were collected by venipunc-

ture by a trained professional. Four saliva samples were

self-collected through buccal swab and by spitting into

a conical vial.

Extraction
For all extractions of blood samples, the following re-

action mixture was prepared: 5 lL RED+ buffer, 44 lL

molecular biology-grade water, and 1 lL forensicGEM

enzyme. DNA samples for quantification were taken

from above the precipitate that forms during the extrac-

tion from blood. For all extractions of saliva or buccal

swab samples, the following reaction mixture was
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prepared: 5 lL BLUE buffer, 34 lL molecular biology-

grade water, 1 lL forensicGEM enzyme, and 10 lL liq-

uid sample. Both reaction mixture protocols were then

extracted on an Applied Biosystems 9700 thermalcycler

(Thermo Fisher, Waltham, MA) for 75�C for 5 min

then 95�C for 5 min. Blood and saliva samples were pre-

pared as described in each study hereunder.

Sensitivity study
An ethylenediaminetetraacetic acid (EDTA) preserved

tube of blood was obtained from a single donor to

mimic a reference-type sample seen in databasing and

known samples in case work. Blood in final volumes of

10 and 1 lL was aliquoted onto a sterile cotton swab.

A volume of 1.0 lL blood was diluted 1:10 and 1:100

and aliquoted onto a sterile cotton swab and allowed to

dry (0.1 and 0.01 lL total blood on the swabs) (N = 5 rep-

licates per volume of blood). Saliva samples were prepared

from a sample of neat saliva from a single donor in vol-

umes of 10, 1, 0.1, and 0.01 lL on a sterile cotton swab

and allowed to dry (N = 5 replicates per volume of saliva).

Extractions were conducted based on the blood and saliva

protocols described previously. The samples were quan-

tified on an Applied Biosystems 7500 Real Time PCR

using the Quantifiler� Trio DNA Quantification kit fol-

lowing manufacturer’s recommendations.

The small autosomal target was used for calculations.

Samples were amplified using the Globalfiler� PCR

Amplification kit and separated on a 3500XL Applied

Biosystems Genetic Analyzer. The sensitivity study was

conducted at the State Forensic Science Laboratory

(India); therefore, its laboratory instrumentation was

used for quantification and amplification. Data analysis

from the sensivity study was analyzed using Gene Map-

per ID-X (version 1.6) software and OSIRIS (version

2.16) software.16 The mean and standard deviation were

calculated for each volume and body fluid type.

Stability study
Three inhibitors were evaluated: humic acid, tannic acid,

and hematin. The inhibitors were selected as they have

different mechanisms of inhibition.17 Tannic acid and

hematin are proposed to be Taq inhibitors during am-

plification, whereas humic acid may bind to the DNA

and limiting the available template for polymerase to

bind.17 A 50 ng/lL solution of tannic acid was prepared

in water, and a 10 ng/lL solution of humic acid was pre-

pared in water. The concentrations selected for study

herein exceed concentrations that have been shown to

inhibit quantitative PCRs (qPCRs).17,18 Based on our re-

sults with one concentration of chemical insults, addi-

tional concentrations were not studied.

A 1 lL aliquot of each inhibitor was added on top of

10 lL dried blood on a cotton-tipped swab and samples

were prepared in triplicate. For the hematin set of repli-

cates, only 10 lL of blood was on the swab. The sample

taken for qPCR from the blood only sample (hematin in-

hibitor) was removed from within the precipitate in the

extraction tube. The stability study was conducted at

Duquesne University; therefore, its laboratory instrumen-

tation was used for quantification and amplification. One

sample from each set was amplified with the Globalfiler

PCR Amplification kit and separated on a SeqStudio�
Genetic Analyzer (Thermo Fisher).

Electrophoretic data were analyzed using OSIRIS.

Peak height balance (PHB) was calculated for heterozy-

gote loci by dividing the lower relative fluorescence

units (RFU) allele peak by the higher RFU allele peak

multiplied by 100%. A one-way analysis of variance

was calculated to determine whether there is a significant

difference between the DNA concentration yields with

the different inhibitors ( p < 0.05).

Reproducibility and repeatability studies
A neat saliva sample was obtained and vortexed between

each aliquot. A volume of 10 lL saliva was placed into a

0.2 mL tube. The forensicGEM reagents were added to

the tube and extraction conditions conducted as already

described. A volume of 15 lL of EDTA stored blood

was placed onto a piece of a cotton-tipped swab and

allowed to dry. Samples were then placed into a 0.2 mL

tube and extracted as already described.

Two analysts conducted an extraction batch (N = 5

per analyst). The next day, one of the analysts conducted

an extraction batch (N = 5). All samples were quantified

using the Investigator� Quantiplex� Pro (Qiagen, Hilden,

Germany) kit according to the manufacturer’s quick start

protocol on a Corbett Rotor-Gene� 6000 at Cedar Crest

College. Student t-tests were conducted between DNA

concentrations from the two analysts and between the

same analyst on different days for each fluid ( p < 0.05).

Comparison study
Blood and saliva samples were prepared as described in

the sensitivity study (N = 40). The samples were extracted

using the Qiagen EZ1automated extraction platform

according to manufacturer’s instructions and eluted in

50 lL. Quantification, amplification, separation, and anal-

ysis were conducted as described in the sensitivity study.

The mean and standard deviation were calculated for

each set of replicate volumes and body fluid. An F-test

was performed on the DNA concentrations obtained

using the forensicGEM Universal kit and the Qiagen

EZ1 kit to determine whether the variances were equal

or unequal. Based on the F critical value, a student

t-test for equal or unequal variances was conducted to de-

termine whether the extraction methods yield signifi-

cantly different concentrations of DNA ( p < 0.05).
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Case-type samples
Ten case-type samples were prepared as described in

Table 2. Samples 1–5 were analyzed at Duquesne Uni-

versity and Samples 6–10 at the State Forensic Science

Laboratory. Samples were collected and extracted based

on the fluid type. Trace DNA sample types were extracted

using the saliva extraction protocol, blood samples with

the blood extraction protocol, and samples containing sa-

liva or buccal cells with the saliva extraction protocol al-

ready described (Table 2). Samples were quantified using

the Investigator Quantiplex Pro (Qiagen) kit according to

the manufacturer’s quick start protocol on a Corbett

Rotor-Gene 6000 or with Applied Biosystems 7500

Real Time PCR using the Quantifiler Trio DNA Quanti-

fication kit following manufacturer’s recommendations.

All samples were amplified using the Globalfiler PCR

Amplification kit and separated on a 3500XL Applied

Biosystems Genetic Analyzer or a SeqStudio Genetic

Analyzer (the Duquesne University, Cedar Crest College,

and State Forensic Science Laboratory participated in

the case-type samples study, thus the different instrumen-

tation). Data from the case-type samples were analyzed

using OSIRIS software.

Results
Sensitivity study
The sensitivity study evaluated a range of volumes of

blood and saliva (Table 1). An average of 0.24 – 0.11 ng/lL

DNA was recovered from a 0.1 lL volume of blood

(N = 5). An average of 0.02 – 0.008 ng/lL DNA was re-

covered from a 0.1 lL volume of saliva. All samples

tested produced a quantifiable amount of DNA. Values

reported are for the small autosomal target, additional

data for the large autosomal and Y target are given in

Supplementary File S1.

Stability study
All samples contained amplifiable DNA in the presence of

known inhibitors (Fig. 1). Although the average DNA con-

centration varies, no significant difference was observed

between the concentration of DNA recovered from the

humic acid, tannic acid, and the control. A significantly re-

duced internal positive control (IPC) cycle threshold (Ct)

was observed in the samples containing a chemical insult

(Table 2). To further evaluate the quality of the DNA in

the presence of the chemical insults, the third replicate

was amplified. An exponential trendline was fit through

the heterozygote peak heights, based on previous study.19

The R2 values were 0.30 for humic acid and blood, 0.10

for tannic acid and blood, and 0.34 for blood (Fig. 2).

The heterozygote PHB was determined for each profile

(Fig. 3). On average, all sample types exhibited >91%

heterozygote PHB. The presence of tannic acid in the

samples created the most variation in PHB, where 50%

of the loci had <95% PHB, and 25% of the loci had

<88% PHB.

Reproducibility and repeatability studies
The repeatability samples showed no significant differ-

ence in the concentration of DNA recovered from the

blood ( p = 0.29) and saliva ( p = 0.24) samples. On day

1, a mean of 1.55 – 0.01 ng/lL DNA was recovered

from saliva, and a mean of 1.65 – 0.02 ng/lL DNA on

day 2. For the blood samples, an average of 0.02 –
0.0006 ng/lL DNA was recovered on day 1 and 0.02 –
0.000008 ng/lL on day 2.Table 1. Averages and Standard Deviation of Sensitivity

and Comparison Study Samples

Sample
volume (lL)

DNA concentration (ng/lL) – SD

forensicGEM universal EZ1

Blood Saliva Blood Saliva

10 0.044 – 0.02 0.83 – 0.31 6.3 – 3.0a 1.37 – 0.30a

1 0.69 – 0.18 0.29 – 0.15 0.69 – 0.13 0.16 – 0.52
0.1 0.25 – 0.15 0.011 – 0.006 0.28 – 0.15 0.021 – 0.022
0.01 0.24 – 0.11 0.020 – 0.008 0.14 – 0.11 0.017 – 0.011

Decreasing volumes of bodily fluid were extracted and quantified. All
samples yielded quantifiable DNA.

aRepresents samples that yielded a significantly higher concentration of
DNA ( p < 0.05).

Fig. 1. Average DNA concentration recovered
during the stability study. Bars represent the
standard deviation of the data set.

Table 2. Averages and Standard Deviation of the Internal
Positive Control Cycle Threshold for Samples Where
Chemical Insults Were Added

Average – SD IPC Ct

Standards 29.5 – 0.28
Humic acid 24.8 – 0.61
Tannic acid 24.4 – 0.29
Blood 25.3 – 1.6

A significant difference ( p < 0.05) was found between all three chemical
insults compared with the standards.

Ct, cycle threshold; IPC, internal positive control.

74 CONTE ET AL.

D
ow

nl
oa

de
d 

by
 1

98
.8

9.
18

7.
22

5 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
0/

25
/2

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



Fi
g

.
2.

El
ec

tr
op

he
ro

gr
am

s
of

D
N

A
ex

tr
ac

ts
am

pl
ifi

ed
in

th
e

pr
es

en
ce

of
(A

)
hu

m
ic

ac
id

,(
B

)
ta

nn
ic

ac
id

,a
nd

(C
)

bl
oo

d.

75

D
ow

nl
oa

de
d 

by
 1

98
.8

9.
18

7.
22

5 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
0/

25
/2

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



In the reproducibility study, a second analyst con-

ducted blood and saliva extractions. There were no

significant differences found between analysts for the sa-

liva samples ( p = 0.81). The average DNA recovered

from the saliva samples was 1.64 – 0.19 and 1.65 –
0.01 ng/lL for both analysts. However, a significant dif-

ference was present between analysts for the blood sam-

ples ( p = 0.04). One analyst recovered 0.02 – 0.00003 ng/lL

DNA from blood samples, and the other recovered

0.05 – 0.001 ng/lL DNA.

Comparison study
A comparison was made between samples extracted with

forensicGEM Universal and EZ1 (Table 1). All sam-

ples extracted in the study yielded quantifiable DNA

(N = 80) (Table 1). No difference was observed between

the DNA concentrations yielded for forensicGEM and

EZ1 extraction methods for samples with 1 lL and less

of blood and saliva ( p > 0.05). The EZ1 extraction yielded

significantly more DNA than the forensicGEM kit for the

10 lL volume of blood and saliva. The saliva samples

extracted with forensicGEM yielded sufficient DNA to

obtain a DNA profile downstream. The blood samples,

however, yielded a very low average concentration.

Contamination assessment
Throughout the validation process, a reagent control was in-

cluded in each extraction batch (N = 11) that consisted only

of the forensicGEM universal reagents. All reagent con-

trols did not contain quantifiable DNA, indicating that no

human DNA was present in the reagents used in the study.

Case-type samples
Ten case-type samples were prepared at two different labo-

ratories. All samples generated a DNA profile (Table 3). In

Sample 2, drop-out was observed in a small locus of the re-

covered mixed profile. Sample 2 was prepared by swabbing

a nearby door handle that is used by many people daily,

therefore, it was not compared with a reference profile.

Sample 5 produced a partial profile and 42% of the profile

was recovered, consistent with the low DNA concentration

present and amplifying the sample at full volume.

Fig. 3. Percentage PHB of
heterozygous peaks in the stability
samples. Percentage PHB was
calculated as (height of lowest
peak at locus/height of highest
peak at locus) · 100. The presence
of tannic acid created the most
variability in PHB. PHB, peak
height balance.

Table 3. Descriptions of Case-Type Samples Prepared, DNA Concentrations Recovered, and Profile Completeness
for the forensicGEM Universal Developmental Validation

Sample no. Sample type
Extraction

protocol
DNA concentration

(ng/lL) Profile completeness

Sample 1 Foam buccal cell collector Saliva 0.046 Full profile
Sample 2 Trace DNA swab from doorknob Saliva 0.008 Two-person mixture; D3S1358 dropped out
Sample 3 Bode buccal collector Saliva 2.800 Full profile
Sample 4 Trace DNA swab from phone Saliva 0.009 Full profile, single source
Sample 5 Buccal swab Saliva 0.002 Partial profile; 12 loci dropped out
Sample 6 Blood on substrate Blood 1.052 Full profile
Sample 7 Blood on substrate Blood 4.002 Full profile
Sample 8 Blood on substrate Blood 1.316 Full profile
Sample 9 Blood on substrate Blood 4.228 Full profile
Sample 10 Saliva on substrate Blood 0.753 Full profile
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Discussion and Conclusions
In the forensicGEM Universal kit, no hazardous chemi-

cals were used, nor were SDS and proteinase K, which

eliminates the conundrum of wash steps, ridding the

sample of PCR inhibitors and decreasing DNA yields.

The forensicGEM Universal kit employs a thermophilic

proteinase to rapidly lyse cells and strip DNA from nucle-

osomes. An increase in temperature to 95�C deactivates

the proteinase, thereby protecting polymerases present

in downstream PCRs. Upon completion, in under

10 min, the DNA is present in solution and ready to use

in downstream applications using the single tube ap-

proach of forensicGEM to minimize the opportunity for

contamination.

The forensicGEM Universal kit was shown to be

very sensitive and recovers quantifiable and amplifiable

DNA. DNA was consistently extracted from small vol-

umes of blood and saliva. Since the source of forensic

samples is often unknown or of unknown condition

and quality, being able to recover as much DNA as pos-

sible is desired. In a previous developmental validation,

a range of 0.1 to 40 lL of blood was used to show the

sensitivity.20 In this bead-binding extraction method,

DNA was quantifiable for the range of blood volumes

studied.20

Our study included an additional order of magnitude

decrease to 0.01 lL blood and was able to obtain quanti-

fiable DNA. The forensicGEM enzyme has shown signs

of inhibition (unpublished studies) in the presence of

EDTA. Similar to using EDTA-preserved blood in case

work, by spotting it on preservative paper and/or a

swab, we included that step in our experiment as that

step helps decrease the amount of EDTA going into the

reaction. It is not possible to determine from the data

whether inhibition of the enzyme was taking place in

the blood samples. The sensitivity study indicates that

the extraction procedures used will recover as much

DNA as possible from the samples.

Owing to the nature of forensic samples, inhibition

studies were conducted to determine whether chemical

insults present in the extraction process impact the results

of further DNA testing. The stability study was of greater

importance to the forensicGEM extraction because there

are no wash steps in the process. The stability study was

designed to consider three known PCR inhibitors with

different modes of action, humic acid, tannic acid, and

hematin. Humic acid is found in soils and has been char-

acterized as a molecule that binds to DNA in a sequence-

specific manner.17 Tannic acid is found in leathered

products and some plant materials and has presented

itself as a Taq polymerase inhibitor.17

Hematin, a component of blood, has also been identified

as a Taq polymerase inhibitor.17 The inhibitors studied

were found to not have a negative effect on short tandem

repeat analysis. No differences were observed in the con-

centration of DNA obtained from the extraction; however,

IPC Ct values were significantly decreased in the inhibited

samples. Yet, full profiles were obtained. The R2 values

of the exponential trend line indicate a weak relationship be-

tween molecular weight of the fragments and RFU values.19

The PHB values observed are consistent with expected per-

centages for noninhibited or degraded samples.21

In previous multiplex PCR studies, humic acid was

shown to partially inhibit amplification (partial profiles

generated) at 10 ng/lL inhibitor concentration, and tan-

nic acid completely inhibited the reaction (no profiles

generated).22 It is hypothesized that the buffers used

in the forensicGEM Universal kit help to negate the ac-

tion of the inhibitors studied, whereas in previous study,

different reaction buffers were used.22 Taken together, our

data suggest that the three inhibitors are not degrading

nor inhibiting the samples in the GlobalFiler amplifica-

tion.

The forensicGEM Universal kit has shown to be re-

peatable and reproducible for routine forensic samples.

Concentrations of DNA obtained from blood among

two analysts showed a significant difference. The varia-

tion may be attributed to how the sample for quantifica-

tion was removed from the extract tube. The RED+ buffer

used in the blood extractions precipitates out hematin

and components of blood and remains at the bottom

of the sample tube.15 The difference can be a result of

removing the DNA extract from above the precipitate

that forms during the extraction process differently be-

tween users, such as the depth at which the aliquot is

removed. It is possible that some of the precipitated com-

ponents were carried into the quantification, or the best

representative sample was not removed.

A comparison with current methods is typically done

during validation stages of bringing on a new technol-

ogy. In a comparison study, the forensicGEM Universal

kit performed comparably with the Qiagen EZ1 robotic

bead-based extraction method. The low yields observed

in the blood samples extracted with forensicGEM may

be attributable to some of the precipitated hematin being

present in the aliquots removed for quantification and it

is interfering with the polymerases.15 It has also been

reported that the high blood volume (10 lL) may be assist-

ing with the precipitation of inhibitors, thus explaining

the lower DNA yields in the comparison study.15

In previous study, the lower DNA yields were noted

when using between 5 and 25 lL blood.15 It is expected

that other automated extraction platforms would per-

form comparably with the two methods explored in

our study and may have strengths and weaknesses for

specific types of evidence.23 Being that the foren-

sicGEM Universal kit is amenable to automation and

does not require a specific robotic platform as the compar-

ison product, there are additional benefits of using TDE

such as less plastic use, extraction simplicity, no hazardous

FORENSICGEMTM UNIVERSAL DEVELOPMENTAL VALIDATION 77

D
ow

nl
oa

de
d 

by
 1

98
.8

9.
18

7.
22

5 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 1
0/

25
/2

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



chemicals, reduced cost, and less opportunity for contam-

ination.

Various case-type samples were processed in our de-

velopmental validation. All samples that had a 0.5–

1.0 ng input of DNA produced full profiles. Two samples

with <0.5 ng input DNA produced a partial profile, a

doorknob swab, and a low concentration buccal swab.

The doorknob swab was generated from unknown donors

and the input DNA amount was not within the optimal

range. It is unlikely that a buccal swab would produce

such little DNA; however, the donor was repeatedly pro-

viding samples during the collection window and may

not have collected sufficient cellular material or incor-

rectly collected the sample. Overall, the processing of

case-type samples demonstrates the ability of the foren-

sicGEM Universal kit to produce DNA profiles from a

range of evidence types.

The study herein provides developmentally validated

conditions for use with the forensicGEM Universal kit.

The overall result of the research produced a data set

that defines the limitations of a new DNA extraction

methodology for use on forensic, database, and refer-

ence samples for case work. Throughout, we used dif-

ferent instruments and equipment to conduct the

experiments, exemplifying the flexibility of foren-

sicGEM Universal. An internal validation is recom-

mended before implementation in crime laboratories

to demonstrate the procedures described herein perform

as expected. The forensicGEM Universal kit provides a

new generation of DNA extraction technologies in that

it harnesses the activity of a thermophilic proteinase

and uses temperature to carry out the extraction.
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