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Introduction
	 Trace or Touch DNA profiling plays a crucial role in linking indi-
viduals to criminal activities, often detected in minute quantities on 
various items found at crime scenes, setting it apart from other types 
of DNA evidence such as body fluids [1-3]. However, Touch DNA 
poses several challenges, including the risk of cross-contamination at 
crime scenes [4]. Factors such as surface types, collection methods, 
and environmental conditions influence the amount of Touch DNA re-
trieved, thereby complicating analysis [5-9]. Moreover, the extraction 
process and purification steps currently employed in forensic DNA  
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casework are time-consuming and labor-intensive. Column-based pu-
rification methods can lead to DNA loss, potentially impacting the 
successful typing of degraded or low-copy-number samples [10-15]. 
Efforts to validate different collection techniques with varied methods 
can enhance Touch DNA recovery from a variety of surfaces [16-20].

	 Direct amplification in DNA profiling eliminates the need for 
DNA extraction and quantification, proceeding directly to PCR af-
ter sample collection. This approach not only improves recovery but 
also reduces the risk of errors, minimizes contamination from han-
dling, and decreases both processing time and associated costs [1]. 
Recent interest has focused on developing innovative protocols for 
direct amplification; however, there remains limited shared knowl-
edge regarding trace DNA collection techniques for direct PCR from 
casework samples [21]. One promising approach involves the use of 
the microFLOQ® Direct swab, a product co-developed by the French 
Gendarmerie Forensic Research Institute (IRCGN™) and Copan, 
which has shown effectiveness in collecting trace DNA for direct 
amplification [22-25]. The microFLOQ® Direct swabs are designed 
similarly to 4N6 FLOQSwabs® but are treated with a lysing agent 
for direct amplification, eliminating the need for DNA extraction and 
quantification [26]. Utilization of these swabs allows for DNA pro-
filing from sample collection to final result in less than two hours. 
Additionally, due to the small dimensions of the microFLOQ® 
swab head, only a minimal portion of a stain is collected, resulting 
in significantly reduced sample consumption compared to traditional 
swabbing methods. Efforts to reduce sample consumption enable 
more evidence to be retained for retesting or post-conviction testing, 
if desired. Therefore, the aim of this study was to investigate the ef-
fectiveness of microFLOQ™ Direct swabs in recovering touch DNA 
from random surfaces of office items to replicate casework samples.

Materials and Methods
Touch samples

	 Biological materials were collected from a varied selection of sur-
faces commonly encountered in an office environment. To mimic the 
workflow of actual casework, these surfaces were randomly chosen, 
and the duration of DNA deposition was unspecified; some surfaces 
were routinely touched by users on a daily basis, while others had 
not been touched for an extended period. The sampled surfaces com-
prised three computer mice, three computer keyboards, two door han-
dles, two window handles, two pens, an old handprint on a window, a 
leather wallet, and a cell phone (refer to Figure 1).

DNA recovery

	 The MicroFLOQ Direct swabs were employed to retrieve trace 
DNA from the surfaces outlined in Figure 1. Prior to sampling, each 
MicroFLOQ® Direct swab was moistened with 1μl of molecu-
lar-grade water using a pipette, following the manufacturer’s instruc-
tions. Subsequently, the swab head was gently rubbed and rotated 
across the surface in a subsampling fashion to collect the sample.
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and potential advancements in forensic casework.
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Direct PCR amplification

	 Following sample collection, the tips of the MicroFLOQ® Direct 
swabs were detached into PCR strip tubes (0.2 ml) and subjected 
to amplification using the GlobalFiler™ amplification Kit (Thermo 
Fisher Scientific) [27], adhering to Copan’s Direct DNA Analysis 
protocol with the microFLOQ® Collection Device [22]. This pro-
tocol involved substituting the volume of sample solution required 
by the kit manufacturer with molecular-grade water (15 μL), directly 
adding PCR master mix to the tubes (10 μL), and conducting im-
mediate amplification on an ABI GeneAmp® 9700 PCR System 
(Life Technologies) for 29 cycles, following the manufacturer›s 
recommended conditions. To evaluate potential inhibition from the 
lysing agent incorporated into the swab head fibers, positive control 
DNA (007) was amplified in the presence of a MicroFLOQ® Direct 
swab. Additionally, negative controls consisting solely of the Micro-
FLOQ® swab head were included.

DNA detection, separation, and analysis

	 The amplified products underwent size separation and detection 
on an ABI 3500 Genetic Analyzer (Life Technologies) using a mix-
ture comprising 1 μl of PCR product, 9.6 μl of Hi-Di™ formamide, 
and 0.4 μl of GeneScan™ 600 LIZ® Size Standard v2.0 (Thermo 
Fisher Scientific). At least one microliter of allelic ladder was includ-
ed per injection on the 96-well plate. Following denaturation at 95°C 
for 5 minutes, samples were promptly cooled on ice for 5 minutes. 
Electrophoresis was conducted on a 36-cm capillary array with POP-
4™ polymer (Life Technologies) using standard injection parameters 
(1.2 kV, 24 s). Subsequently, STR data were sized and typed utiliz-
ing GeneMapper® ID-X Software Version 1.2 (Life Technologies), 
employing manufacturer-validated analytical thresholds.

Results and Discussion
	 The utilization of MicroFLOQ® swabs with the GlobalFiler™ 
amplification Kit for direct PCR, aimed at recovering Touch DNA  

from assorted items within an office setting, yielded a success rate 
of 73% within a three-hour timeframe post-sample collection. Out 
of the 15 samples collected, 11 STR profiles yielded positive DNA 
results suitable for database search. These profiles comprised full 
single, partial single, full mixture, and partial mixture DNA profiles 
(refer to Figures 2&3). However, the majority of profiles exhibited 
artifacts such as split and shoulder peaks. As per the criteria set by 
the Biology and DNA Section lab within the General Department of 
Forensic Science and Criminology, positive DNA results for forensic 
trace profiles necessitate homozygous or heterozygous alleles, or a 
combination thereof, in a minimum of nine loci. The negative con-
trol employed in the DNA profiling process was confirmed to be free 
of DNA. Additionally, amplification of Positive control DNA (007) 
in the presence of a MicroFLOQ® swab head resulted in complete 
STR profiles, demonstrating expected performance. This outcome 
suggests that the chemical treatment of MicroFLOQ® swab heads 
with a lysing agent by the manufacturer does not impede or inhibit 
successful DNA amplification.

	 Previous research by Templeton et al. [28] compared the perfor-
mance of foam swabs, cotton swabs, and nylon FLOQSwabs® in 
collecting trace DNA from fingerprints, with the latter demonstrating 
the highest DNA yield. This study was expanded to include the use 
of FLOQSwabs® for touch DNA recovery across various substrates, 
comparing direct amplification to the standard extraction workflow.  

Figure 1: Office Items Utilized for Touch DNA collection to be processed 
for direct amplification.

Figure 2: Touch DNA profiles (n= 15) obtained from office items using the 
MicroFLOQ Direct swab and directly amplified through the GlobalFiler™ 
PCR Kit. The samples yielded 6 complete single DNA profiles, 2 partial 
single DNA profiles, 3 complete mixture DNA profiles, 1 partial DNA pro-
file, and 3 profiles with no data.

Figure 3:  Electropherograms of samples gathered from a door handle 
(DH1), resulting in a complete mixture DNA profile, and from a visible 
handprint on the window (HP), yielding a complete single DNA profile. 
These profiles highlight variations in peak height across five autosomal 
STR loci (D3S1358, vWA, D16S539, CSF1PO, and TPOX).
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Findings from these controlled experiments underscore the potential 
of the FLOQSwab® system and direct amplification in enhancing 
signal retrieval from low-level touch samples, while conserving 
resources and mitigating contamination risks [29].

	 Moreover, the adoption of direct detection facilitated a rapid DNA 
profiling process, albeit accompanied by the observation of artifacts 
such as split and shoulder peaks, consistent with prior reports [23-24]. 
Distinguishing true alleles within DNA profiles can be straightfor-
ward when originating from a single source, yet becomes complex in 
mixed DNA profiles, particularly in the absence of reference samples.

	 The results obtained from this limited set of touch samples suggest 
that the miniaturized microFLOQ® swab head can retrieve sufficient 
cellular material to generate complete DNA profiles from diverse 
surfaces. However, the quantity of material present and the nature 
of the surface influence the likelihood of success, as anticipated for 
evidence collection via swabbing.

Conclusion

	 In conclusion, the findings of this study provide valuable insights 
into the effectiveness of the MicroFLOQ™ Direct Swab for Touch 
DNA recovery. While the results demonstrate promising success rates 
within a controlled office environment, further research is necessary 
to comprehensively evaluate its efficiency across a broader spectrum 
of surfaces and scenarios. Additionally, the observed artifacts, such 
as split and shoulder peaks, underscore the need for future work to 
develop strategies to mitigate these challenges associated with direct 
amplification. By addressing these areas of improvement, the Micro-
FLOQ™ Direct Swab has the potential to become an invaluable tool 
in forensic investigations, offering enhanced efficiency and reliability 
in Touch DNA recovery.
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