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Abstract

The Combined DNA Index System (CODIS) core loci was expanded from the existing 13 to 20 STRs, meaning
a new kit will needed for many laboratories. A validation study was performed in accordance with SGWDAM
guidelines Scientific Working Group on DNA. This main objective of this study was to measure the sensitivity
and the heterozygous allele balance of Globalfiler IQC™ kit and Verifiler Plus™ kit in order to ensure that the
kits would produce reliable profile. DNA samples ranging from 4 ng to 0.016 ng were amplified in 25 ul
reaction volume to define the sensitivity and heterozygous balance of two systems. The data suggested that the
Verifiler Plus™ kit is more sensitive than the Globalfiler IQC™ kit. However, the data of heterozygous balance
also show that the Globalfiler IQC™ kit appeared to be more balanced peak heights than the Verifiler Plus™
kit. This performance demonstrated that both amplification kit can produce robust and reliable results in forensic
DNA identification.
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1. Introduction

Short Tandem Repeat (STR) Typing has proven to be an extremely discriminating method for human
identification. A significant discrimination power of DNA typing increased by combining DNA profiling results
at several independent STR loci. Many multiplex STR has been developed to deliver enhancing sensitivity for

forensic sample which reflected from the expansion of the CODIS core loci to 20 STR [1-2].

The Globalfiler 1IQC™ PCR amplification kit is a multiplex STR 6-dye assay which co-amplify the 21
polymorphic STR markers D13S317, D7S820, D5S818, CSF1PO, D1S1656, D12S391, D2S441, D10S1248,
D18S51, FGA, D21S11, D851179, vWA, D16S539, THO1, D3S1358, AMEL, D2S1338, D19S433, DYS391,
TPOX, D2251045, SE33, a Y-specific insertion/deletion locus (Yindel) and an internal quality control (1QC)
system. This system consists of two synthetic sequences (74 bp and 435 bp) which can help determine degraded
samples or PCR inhibitors. This study aims to compare the new STR kit with the Verifiler Plus™ kit in term of

sensitivity and heterozygous balance.

The Verifiler Plus™ is six-dye STR multiplex assay and also contains two internal quality controls. This
approach was also served to verify the quality of the kit to be helped in routine analysis for a new DNA
profiling kit. The information from our study can be used to choose a suitable system for human identification

with forensic samples.
2. Material and Methods
2.1 DNA samples

1224 Genomic DNA (InnoGenomics Technologies) was performed and analyzed with the following inputs: 4,
2,1, 0.5, 0.25, 0.125, 0.063, 0.031 and 0.016 ng DNA. Quantifiler HP DNA quantification™ Kit (Thermo

Fisher Scientific, Waltham, MA) [3] was used to quantify DNA concentration in triplication.
2.2 STR amplification

Amplification was performed using the Globalfiler IQC™ Kit (Thermo Fisher Scientific, Waltham, MA) [4]
and the Verifiler Plus™ Kit (Thermo Fisher Scientific, Waltham, MA) [5] in 25 pl reaction volumes, 29
amplification cycles following the manufacturer’s recommendation. DNA samples were amplified in triplicate

for each kit using a ProFlex™ Thermal cycler (Thermo Fisher Scientific, Waltham, MA).
2.3 Capillary electrophoresis and Data Analysis

Amplified PCR products were detected on 3500xI Genetic Analyzer according to the manufacturer protocols

using Data Collection Software v4.0. All profiles were analyzed using GeneMapper ID-X 1.6 software [6].
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3. Results and Discussion
3.1 Sensitivity study

Sensitivity test was conducted to determine the lowest amount of input DNA that can be successfully amplified.
Full 1224 Genomic DNA has 41 alleles (37 autosomal STR alleles, plus X and Y at Amelogenin, the Y indel,
and an 11 allele at DYS391) when amplified using Globalfiler IQC™ kit and 44 alleles (41 autosomal STR
alleles, plus X and Y at Amelogenin and the Y indel) when amplified using Verifiler Plus™ kit. Data were
collected from triplicated amplification series ranging from 4 ng to 0.016 ng input DNA (Fig 1). Samples were
amplified using Globalfiler IQC™ kit (Thermo Fisher Scientific, Waltham, MA) and the Verifiler Plus™ kit
(Thermo Fisher Scientific, Waltham, MA), all amplified products were analyzed on the same 3500xL
instrument. Full STR profiles were obtained reproducibility at 0.25 ng from both kits. Partial profiles were
produced at their analytical threshold with a DNA input of 0.063 ng and 0.031 for each kit respectively.

In addition, complete profiles were obtained reproducibility at 0.125 ng input DNA using Globalfiler IQC™ kit
and 0.063 ng using Verifiler Plus™ kit (Fig.1). This is concordance with previous studies in the developmental
validation of Verifiler Plus™ PCR amplification kit [7-8]. Previous data showed that full STR profiles were
obtained from all the samples ranging from 1 ng to 0.063 ng of total DNA input in triplication on 3500xL
instrument. The validation of the Globalfiler IQC™ kit has not been published elsewhere, which is the original
GlobalFiler™ kit to include the 1QC system. The added enhancement of an 1QC system is a sensitive indicator
that allows for the peak-height ratio of the IQC Large to the IQC Small marker to be used to distinguish between
normal reactions. However, previous studies reported that the Globalfiler IQC™ kit and Investigator 24plex
QS® kit produced full STR profiles with 0.125 ng in comparison to the Powerplex Fusion® for DNA input 0.5
ng [9-10].

Percentage of reportable alleles
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Figure 1: Percentage of reportable alleles detected in sensitivity test of input DNA ranging from 4 ng to 0.016
ng using Global 1QC™ kit (GFIQC) and Verifiler Plus ™ kit (VFP).
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The percentage of reportable alleles were showed in Figure 1, Verfiler Plus™ kit showed higher reportable
alleles when compared to Globalfiler IQC™ kit with DNA input of 0.016 ng. These data suggested that
Verifiler Plus™ PCR Amplification kit was more sensitive than Globalfiler IQC™ Amplification kit at the low
level of DNA input. The results from both studies by Jasmine and his colleagues (2019) [11] founded that the

Verifiler Plus™ has high sensitivity comparing to the PowerPlex Fusion® kit and Investigator® 24plex QS kit.

Limit of Detection (LOD) and Limit of Quantification (LOQ) were calculated from negative control samples
(Table 1). With a maximum LOQ of 80 RFU, the lowest analytical threshold of 200 RFU was set for the

sensitivity comparison for both kits.
3.2 Peak Height and Peak Height Ratio

The peak balance ratio is determined by dividing the peak height of an allele with lower RFU by the peak height
of an allele with a higher RFU value. Heterozygous balance allele should be more than 60% according to the
recommendations of ENFSI [12] in order to get the true homozygous allele at the low input DNA. Peak height
ratio comparison was done with input DNA ranging from 0.016 ng to 4 ng at the lowest analytical threshold 200
RFU. Figure 2 and Figure 3 showed the peak height and peak height ratio at different input DNA when
amplified by using Globalfiler IQC™ kit and Verifiler Plus™ kit respectively. These data demonstrated that
heterozygous peaks of Globalfiler IQC™ were very well balanced at 0.5 ng input DNA when Verifiler Plus™
were balanced at 1 ng input DNA.

Furthermore, 0.125 ng input DNA, peak height ratio decreased from 99% to 46% with Globalfiler IQC™ kit
and 99% to 31% with the Verifiler Plus™ Kkit. In general, the heterozygous balance was decreased when low
input DNA. The balance peak is important when analyzed forensic sample mixed stain [13-17]. The locus

imbalances may be confused between a single donor profile and a mixed profile.

Table 1: Limit of quantification value for the Globalfiler IQC™ kit and Veriifiler Plus™ kit. The Limit of

quantification was calculated as mean + 10*standard deviation.

Dye channel LOD LOQ
GFIQC VFP GFIQC VFP

Blue 8.53 7.42 19.67 17.2
Green 14.35 9.63 31.51 21.74
Yellow 8.52 7.15 19.23 16.61
Red 11.34 10.96 2491 24.32
Purple 12.12 11.57 26.57 25.91
Orange 9.6 28.16 22.63 80.35
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Figure 2: Heterozygous Peak Height and Peak Height Ratio for replicated in the DNA dilution series using

Globalfiler 1QC™ kit.
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Figure 3: Heterozygous Peak Height and Peak Height Ratio for replicated in the DNA dilution series using
Verifiler Plus™ kit.
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4, Conclusion

This study is the first evaluate the sensitivity of Globalfiler IQC™ kit compared to Verifiler Plus™ kit in term
of minimum input DNA to generate the full and balanced STR profile. The combination of 23 STR loci and 2
gender discrimination markers (Amelogenin and Y indel), the Verifiler Plus™ kit is the most highly
discriminated system currently. In addition, 2 1QC markers are included in the primer mix that can help the
inference of sample degradation or inhibition. However, another STR marker of choice in forensic analysis that
highly discriminated and has the 1QC system is the Globalfiler IQC™ amplification kit. Moreover, this kit has
the three additional highly recommended CODIS core loci (SE33, DY391, Amelogenin). Moreover, Vranes and
his colleagues (2019) [18] and Wang and his colleagues (2020) [19] reported the development and evaluation of
the Investigator 26plex QS kit, which co-amplify 23 autosomal STR loci (THO01, D3S1358, Penta D, D65S1043,
D21S11, TPOX, D1S1656, D12S391, Penta E, D10S1248, D22S1045, D19S433, D8S1179, D2S1338, D2S441,
D18S51, VWA, FGA, D16S539, CSF1PO, D13S317, D5S818, and D7S820), one Y chromosome STR
(DYS391), two internal quality control markers (Quality Sensor QS1 and QS2) along with Amelogenin.
Unfortunately, our experiment does not study the performance of Investigator® 26plex QS kit. Furthermore, all
three kits with 1QC system can also be used for direct amplification of blood or buccal cells on FTA cards [4-5,
20-21].

In this study, we compare the sensitivity and heterozygous balance peak of two commercial STR Kits
(Globalfiler IQC™ kit and Verifiler Plus™ kit) with very low template DNA. The main results demonstrated
that the minimum DNA input to generate a full and balanced STR profile is 0.063 ng for Verifiler Plus™
amplification kit. This study also showed that the Verifiler Plus™ kit is more sensitive than the Globalfiler
IQC™ kit. The Globalfiler IQC™ kit was found to generate the balanced STR profiles at the minimum input
DNA of 0.5 ng whereas the Verifiler Plus ™ kit was 1 ng. Overall, this study demonstrated that the Verifiler
Plus™ kit and the Globalfiler 1QC™ kit are robust and extremely useful STR assay for forensic human
identification.
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Supplementary Table 1: Peak heights for each allele detected in the 1224 dilution series using Globalfiler IQCTM amplification kit (n = 3 replicates). A complete profile

consists of 41 alleles (shown in green boxes). The surviving sister alleles are shown in yellow boxes. Alleles drop-out are shown in red boxes.

AMEL D8S1179 | D21S11 e 3'?9\15 1D2544 D19S433 | THOL

13 16 [29 312 14 152 |6 8 |




1

0.12
5 2
3
1

0.06
3 2
3
1

0.03
1 2
3
0.0 :

.01
6 2
3

International Journal of Sciences: Basic and Applied Research (IJSBAR) (2022) Volume 61, No 1, pp 155-169

313

Supplementary Table 1: (cont.) Peak heights for each allele detected in the 1224 dilution series using Globalfiler IQCTM amplification kit (n = 3 replicates). A complete

profile consists of 41 alleles (shown in green boxes). The surviving sister alleles are shown in yellow boxes. Alleles drop-out are shown in red boxes.
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Supplementary Table 2: Peak heights for each allele detected in the 1224 dilution series using Verifiler Plus TMamplification kit (n = 3 replicates). A complete profile

consists of 44 alleles (shown in green boxes). The surviving sister alleles are shown in yellow boxes. Alleles drop-out are shown in red boxes.

AMEL D8S1179 | D21S11 1D1835 D5S818 5’1234 D19S433




0.25

0.12

412
280

374
266

238

363

250

International Journal of Sciences: Basic and Applied Research (IJSBAR) (2022) Volume 61, No 1, pp 155-169

167



International Journal of Sciences: Basic and Applied Research (IJSBAR) (2022) Volume 61, No 1, pp 155-169

Supplementary Table 2: (cont.) Peak heights for each allele detected in the 1224 dilution series using Verifiler Plus TMamplification kit (n = 3 replicates). A complete

profile consists of 44 alleles (shown in green boxes). The surviving sister alleles are shown in yellow boxes. Alleles drop-out are shown in red boxes.

D10S1248 THO1 D12S391 D2S1338 TPOX




International Journal of Sciences: Basic and Applied Research (IJSBAR) (2022) Volume 61, No 1, pp 155-169

0.12

169



