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1. Introduction

The GlobalFiler™ kit amplifies 21 autosomal loci including CODIS extended set of STR loci. The kit was designed to
combine 21 autosomal STR loci (1), (12). Thus, GlobalFiler™ combines the CODIS extended set of loci and includes seven
autosomal STR loci from the expanded European Standard Set of Loci (ESSL). The kit also includes the highly discriminating
SE33 locus. For enabling the use of the kit in the Forensic Laboratories and this project, an internal validation of GlobalFiler™
kit was carried out to test the robustness of this kit through a range of studies in accordance with SGWDAM guidelines (10).
Reference and real casework samples previously tested using Identifiler® Plus autosomal STR kit were used. In this study, the
experiments, recommended by SWGDAM, conducted in order to demonstrate the performance of GlobalFiler™ kit and their
results are presented.

Keywords: Globalfiler; Autosomal STR; Validation; Forensic; Qatar.

2.Materials and Methods

2.1 Samples Collection and Extraction

The samples were extracted using the QlAamp® extraction DNA Mini protocol (Qiagen). The extraction procedure and
Quantifiler® Trio DNA Quantification kit were followed in accordance with manufacturer’s recommendation. Ethical approval
was granted by Ministry of Interior of Qatar and University of Central Lancashire “Ref STEM454” for the PhD project.

2.2 PCR Amplification & Capillary Electrophoresis

Two PCR amplification reactions were tested in this study following the PCR setup proportions recommended by the
GlobalFiler™ PCR Amplification kit user guide. A full volume PCR of 25 ul was compared with a half volume PCR of 12.5
ul. Amplified samples were prepared for fragment analysis in capillary electrophoresis in capillary array ABI 3500 Genetic
Analyzer.

2.1 Minimum Threshold Calculation
Data from 55 negative amplification controls were used to assess baseline noise and calculate a minimum detection and
quantitation thresholds for the GlobalFiler™ PCR kit at 29 cycles.

2.2 Half Volume PCR Reaction Validation

In order to evaluate the PCR reaction of both GlobalFiler™, half volume experiment was conducted by amplifying 10 samples
that had been profiled previously with a full volume reaction. The positive DNA controls of 2800M, 9947A and the 10 Male
DNA sample, were prepared and analysed parallel with serial dilutions reactions.

2.3 Sensitivity Study Using Half Volume PCR

Two DNA control samples, 9947A and positive control 007, were used in the sensitivity study. A serial dilution of the samples
was prepared having DNA amounts of 1ng, 750 pg, 500 pg, 250 pg, 125 pg, 62.5 pg, 31.25 and 15 pg. These were amplified,
in triplicate.

2.4 Precision, Reproducibility and Accuracy Studies

A total of 11 unrelated male samples including 2800, 9947A positive DNA control were used for the precision and accuracy
study. Results from three different runs were analysed and compared to allelic ladder. Mean allele size and standard deviations
were determined over three different runs and compared with the allelic ladder in order to illustrate the precision and accuracy
of sample analysis.

2.5 Female/Male, Male/Male DNA sample Mixture
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In the internal validation of GlobalFiler™ kit, a mixed male/female DNA controls (DNA 007 and 9947A and 2800) with
known ratios were tested in triplicate. The mixture ratios included 1:1, 1:3, 3:1, 1:9, 9:1, 1:19 and 19:1, for 1 ng of mixed
template DNA in triplicate.

2.6 Casework Samples Study

A total of 64 forensics DNA samples were used in this study. The casework samples from cases received in forensic
Laboratory were used to assess the GlobalFiler™ kit. All samples were previously extracted using different extraction
methods, and quantified using Quantifiler® Trio kit and profiled previously with Identifiler Plus™ Kkit.

2.7 Stutter Analysis

Stutter percentages were calculated at each locus. This was previously analysed using 100 samples used for allele range
determination experiment. Stutter percentages were calculated for each locus by dividing the stutter peak height by the parent
peak height and multiplying it by 100.

2.8 Species Specificity Study
Non-human samples extracts were provided by UCLAN lab, which include dog, pig, horse, chicken, mouse, and rat.

3. Results

3.1 Assessment of Limit of detection (LOD and Limit of quantitation (LOQ) Thresholds

The average height and standard deviation of peaks generated from 55 negative controls were calculated after adjusting the
peak amplitude threshold to 1 relative fluorescent unit (RFU) to capture all data points. The highest limit of detection (LOQ)
value was calculated as 50 RFU for the Purple (SID™) dye (Fig 1).

3.2 Sensitivity Study

DNA serial dilutions (from 1ng to 15.6 pg) were analysed at a threshold of 50 RFU. Full allele profiles were obtained for
9947A and 007 down to a level of 62.5 pg. The highest value was 2100 RFU for VWA at 62.25 pg of DNA input. Therefore,
the minimum peak height for homozygous was set to 800 RFU in the peak quality tab of the analysis method editor of the
GeneMapper®ID-X Software v1.5, when analysing low template DNA samples in other studies. Below 125 pg of DNA input, a
variable dropout of alleles was observed (Fig 3).

3.3 Species specificity

in this study, the focus was on the possible cross reactivity of GlobalFiler™ Kit against animal DNA commonly since forensic
samples might originate in many cases from environments rich in such DNA. Negative results were obtained at a 50 RFU
threshold for all of cat, mouse, chicken samples tested demonstrating the specificity of the GlobalFiler™ Kit against these
species. However, some low peaks were observed in dog, sheep, pig, rabbit, and rat samples (Fig 4).

3.4 PCR with reduced reaction volume for reference samples

The genotypes of all controls showed expected results. The reduction of the reaction volume by half for the analysis of
reference DNA samples with known DNA content, was evaluated using 10 human genomic DNA from saliva samples at a
DNA input of 0.5 ng. The results demonstrated reliable performance from reduced reaction volume. Majority of STR markers
showed higher peak intensities in the reduced reaction volume reaction as compared to a parallel full volumes reaction (Fig 2).

3.5 Reproducibility and Robustness Study

To investigate the consistency of the GlobalFiler™ Kit, each of the 10 male DNA samples, including the positive controls
2800M, 9947A, 007 were typed on 3 different occasions. Consistent profiles were obtained successfully for all samples
genotyped using the GlobalFiler™ kit.

3.6 Casework Sample Study

The GlobalFiler™ kit was tested with DNA extracts obtained from casework sample extracts to evaluate the amplification
efficiency GlobalFiler™ Kkit. The GlobalFiler™ typing results obtained from the set of 64 biological stains showed full allele
concordance with the DNA profiling data previously obtained with Identifiler® Plus. Three different DNA extracts derived
from stains on denim and leather that showed a successful result even when the values for the internal PCR control were high
showing the presence of an inhibitor. This demonstrated increased tolerance of GlobalFiler™ PCR buffer against PCR
inhibitors usually found in forensic samples compared to the buffers used in both the Identifiler® kit and the Quantifiler™ trio
DNA quantification kit.

3.7 Mixture Study
The results of the two DNA mixtures series (1 ng of total DNA) with relative ratios of 1:1, 1:3, 3:1, 1:9, 9:1, 1:19 and 19:1 of
female (major component)/male (minor component) were collated. All the unique alleles of the minor contributor (full profiles)
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were detected for the series. Regarding the male-specific Y-markers, most noted was the peak height decrease and the dropout
observed at the DYS391 marker for series 19:1 and 19:1 compared to the Y-indel marker that was detected in all series (7),
(12). In this case, all the unique alleles of the minor contributor (full profiles) were robustly detected until ratios of 09:01,
which corresponded, with a total DNA input of the minor male component in the PCR of 273 pg.

3.8 Stutter Thresholds for 21 Autosomal STRs Included in GlobalFiler™ STR Kit

The percentage of the stutter product relative to the main allele and the standard deviation for each locus obtained from 100
human genomic DNA samples were calculated. The estimated stutter filters, were compared to stutter filter sets determined by
published validation of the GlobalFiler™ kit (1). In our study, all loci showed little higher percentage of stutters when
compared to those developed by the manufacturer. The loci D22S1045; locus SE33 and D2S1338 had highest percent stutters
with maximum peak heights at 19.02; 19.45% and 18% of the main allele, respectively.

3.9 Precision and Accuracy Study

Allele sizing precision studies used 24 GlobalFiler™ allelic ladders across multiple injections in a 3500 platform. The highest
variability in sizing observed for any allele of the GlobalFiler™ Kit. Sizing accuracy between the allelic ladder peaks and the
corresponding alleles in a set of 100 human genomic DNA reference samples and casework revealed that all alleles were sized
within 0.5 bp of their respective allelic ladder peaks.

4, Discussion

4.1 Minimum Analytical Threshold Estimation

Minimum analytical thresholds are minimum peak amplitude values that separates, true DNA peak signal from background
noise, with a high degree of confidence. A published method to determine analytical thresholds was used. The peak amplitude
threshold in the GeneMapper ID-X method was then set to the LOQ of the ‘noisiest’ dye channel Purple (SID™) dye channel
(1). With this consideration, the conservative value of 50 RFUs was chosen as the minimum thresholds.

4.2 Sensitivity Study

The results of sensitivity experiment demonstrated that the GlobalFiler™ kit was sensitive down to 31.5 pg of positive controls
using 29 PCR cycles. Such sensitivity level was published earlier (6). This sensitivity study indicated that the GlobalFiler™ kit
is sensitive and suitable for low template DNA samples (6), (3). Full profiles were obtained from (31.25 pg to 15.5 pg dilution)
when an analytical threshold of 100 RFU was used. Thus, allele calls below 200 RFU were further analysed to demonstrate
reproducibility above 200 RFU. Similar minimum detection thresholds (100-120 RFUs) had been previously validated for the
application of GlobalFiler™ Kit to the analysis of reference DNA (3).

4.3 Species specificity

GlobalFiler™ species specificity against animal DNAs was used in order to check if possible cross reactivity of GlobalFiler™
can occur. As DNA from non-human species may be present on forensic evidentiary material, this kit was tested with various
kinds of non-human DNA to evaluate any PCR products. However, any potential cross reactivity with non-human species
should be known so that profiles can be analysed correctly and considerations should be taken if necessary (3), (5). Comparing
the results of this experiment with previously published data, all markers previously found to amplify in few peaks were
confirmed in this study as well.

4.4 PCR with reduced reaction volume for reference samples

The reduction of the reaction volume by half for the analysis of reference DNA samples with known DNA content as a cost-
effective measure, was evaluated. Results indicate that half-reaction amplification (12.5 pL) using GlobalFiler™ produced
similar. Half reaction amplifications were more sensitive and allowed for the amplification of less DNA template in line with
previous work (4).

4.5 Reproducibility

Fully concordant results were obtained by three analysis of 3 replicates of 8 human genomic DNA samples with known STR
profiles using 0.5 ng of genomic DNA input, demonstrating the reproducibility and the repeatability of the GlobalFiler™ Kit
(12). A reproducibility study ensures that profiles developed with the amplification kit were reliable and suitable.

4.6 Casework Study
The ability to obtain reliable results from samples encountered as casework was assessed by GlobalFiler™. Mixtures, low
template amount, degradation, and inhibition can all impact results and interpretation of data from case-type samples. A total
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of 64 samples tested as a part of this study represented, quality, and quantity encountered with case-type samples. To sum up,
GlobalFiler™ kit has proved highly efficient in analysing casework samples (9), (12).

4.7 Mixture Study

Mixtures are very common forensic samples and mixture studies is useful to mixture interpretation, including the number of
contributors to the mixture, the major and minor contributor genotype. Although all alleles for major and minor contributors
were detected in both sets of male/female and male/male mixture with 1:1, 1:3 and 3:1 ratios prepared, resolution of full
profiles into minor and major contributors was not achievable with 1:9, 9:1, 1:19 and 19:1. All alleles were called for the 1:1
and 1:4 mixtures. At the 9:1 ratio, 81.5~88.9% of all minor contributor alleles were detected with all 3 PCR replicates. For the
1:19 mixtures, some autosomal STR alleles dropped out.

4.8 Precision and accuracy

Since precision is critical for accurate genotyping of unknown amplified STR products, the allelic ladder of GlobalFiler™ was
used to study the size precision of the assigned alleles. Precision study was also completed to ensure that sizing within an
injection was consistent. The analyses showed no significant difference between standard deviations calculated (2), (8), (12).
4.9 Stutter threshold

Stutter peaks are natural by-products of PCR amplification in STR profiles, which involve the process of strand slippage. A
minor peak with one repeat unit smaller or larger than the associated allele is commonly observed. It was observed in this
study that, the percent stutter was usually more pronounced for shorter repeat motifs and generally increased with allele length.

5. Conclusion

These data demonstrate that the GlobalFiler™ PCR amplification kit generates high quality, reproducible, precise, accurate,
and sensitive profiling STR data, even from sub-nanogram amounts of genomic DNA template from a variety of forensic
samples including blood, semen and saliva stains, hair, muscle, tissues, bone and teeth. Analytical, stochastic and stutter
threshold data were assessed for GlobalFiler™ in this study. The use of a half-reaction protocol would be operationally a
robust method besides significant cost effectiveness.
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