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ABSTRACT
We have previously developed the AmpFℓSTR® NGM™ Kit according to the recommendations of the
European forensic science community for a new, standardized multiplex STR kit. The new marker
set provides enhanced power of discrimination to reduce the frequency of adventitious hits when
searching ever-expanding national databases. The inclusion of mini STR loci in the multiplex,
together with more robust PCR chemistry developed for the NGM™ Kit, allows better recovery of
genotype information from degraded or inhibited forensic samples. Since the release of the NGM
Kit, forensic scientists from several central European countries such as Germany, Austria and the
Czech Republic have expressed interest in a similar kit that also includes the SE33 locus. Including
SE33 in the multiplex not only fulfils the requirements of those countries required to profile SE33 to
conform to their national standards but also enables other countries to upgrade their profiles to
contain SE33 and thereby exchange data with countries using SE33 routinely.

The new AmpFℓSTR® NGM SElect™ Kit contains the same 16 loci as the NGM™ Kit, plus SE33. The
17 loci are: D10S1248, vWA, D16S539, D2S1338, Amelogenin, D8S1179, D21S11, D18S51,
D22S1045, D19S433, TH01, FGA, D2S441, D3S1358, D1S1656, D12S391 and SE33. Aside from
the presence of SE33, the new kit was designed to be essentially identical to the NGM™ Kit.

We performed developmental validation studies of the NGM SElect™ Kit according to the SWGDAM
guidelines, and present the results of testing critical performance parameters such as sensitivity,
species specificity, performance in the presence of inhibitors and degraded DNA, mixture sample
analyses, and power of discrimination calculations based on a survey of population samples.

INTRODUCTION
To accommodate central European countries that have routinely used the highly discriminating SE33
locus in their official set of core loci and meet the data exchange requirements laid out by the Prüm
treaty, we have produced a new kit that adds SE33 to the 16 loci already contained in the NGM™ kit
multiplex. The new AmpFℓSTR® NGM SElect™ Kit is a 17-plex kit that uses similar improved PCR
chemistry to the NGM™ Kit and delivers comparable levels of sensitivity and robustness.

We performed developmental validation of the NGM SElect™ kit according to the SWGDAM
guidelines (July, 2003). Validation studies involved tests of accuracy, precision, reproducibility,
instrument-to-instrument concordance, sensitivity, mixture studies, models of inhibition and DNA
degradation, species specificity, stutter calculations and peak height ratio calculations. Many of the
validation experiments were performed in parallel with the AmpFℓSTR® NGM™ and SEfiler Plus™ kits
for comparison. Both 29- and 30-cycle PCR amplification protocols were validated.

MATERIALS AND METHODS
All DNA samples were quantified using the Quantifiler® Human DNA Quantification kit. PCR was
performed as shown below in a reaction volume of 25 µL using ABI PRISM® 96-well Optical
Reaction Plates in the GeneAmp® PCR Systems 9700 with a gold-plated silver block (Applied
Biosystems). PCR products were analyzed on the Applied Biosystems 3130xl Genetic Analyzer
using recommended conditions. Data analysis was performed using GeneMapper® ID-X v1.2
software. Analyses with the AmpFℓSTR® NGM SElect™, NGM™ and SEfiler Plus™ kits were
performed according to their standard protocols.

Figure 1. NGM SElect™ Kit Reaction Components and PCR Conditions

Figure 2. NGM SElect™ Kit Locus Configuration

Figure 2: Dye label assignments and size distribution of NGM SElect™ Kit loci on the Applied
Biosystems 3130xl capillary electrophoresis system. Sizes depicted indicate the mobility of the
amplicons including the influence of non-nucleotide linkers used to alter the mobility of the amplicons
and thereby optimize locus spacing

Figure 5. NGM SElect™ Kit Allelic Ladder

Figure 6: Electrophoretic profile of 0.5 ng of input DNA (007 human control DNA) amplified with the
NGM SElect™ kit for 30 cycles. The kit was validated for use in either 29-cycle (1.0 ng target input
DNA per rection) or 30-cycle (0.5 ng target per reaction) amplification mode to facilitate migration of
laboratories from previous AmpFℓSTR® kits using either 28 or 30 cycles respectively.

Figure 6. NGM™ kit electrophoretic profile for 0.5 ng of 007 human control DNA

Figure 5: SE33 amplicon length was increased relative to the SEfiler Plus™ kit so that the locus could
fit into the available space in the NGM SElect™ kit. All other markers in the multiplex have exactly
the same mobility as in the NGM™ kit.

Figure 7. Sensitivity study with a dilution series of 007 human genomic DNA

Figure 7: Serial two-fold dilutions of 007 human genomic DNA were made to give final
concentrations from 1.0 ng per reaction to 0.031 ng per reaction. DNA dilutions were tested in
replicates of four and assessed for the number of alleles detected, intra-color balance and
heterozygote balance. Using the 30-cycle protocol, the average number of alleles detected with
0.031 ng of 007 DNA per PCR was 28 out of 34 total.

Figure 8. Degraded DNA study with the NGM SElect™ Kit vs. SEfiler Plus™ Kit

Figure 8: DNA samples were prepared to simulate the environmental degradation that may occur in
forensic casework samples. DNA samples were sonicated and then treated with increasing
amounts of DNase I to generate progressively more degraded samples. 10 μL of each sample was
tested with the NGM SElect™, NGM™ and SEfiler Plus™ kits. The graph shows the average number
of alleles recovered per profile (N = 3) for the NGM SElect™ and SEfiler Plus™ kits amplified for 30
cycles. “0u” was a non-degraded control, while “6u” was the most highly degraded sample. Due to
its greater number of loci, some of which are mini-STRs with short amplicons, the NGM SElect™ kit
produced more genotype information at all levels of degradation.

Figure 9. Humic Acid Inhibited Samples with the NGM SElect™ and SEfiler Plus™ Kits

Figure 9: Two series of test samples were formulated, containing increasing concentrations of humic
acid or hematin PCR inhibitors, with 007 DNA added to give 0.5 ng of DNA per PCR. These inhibition
model samples were tested in parallel with the NGM SElect™, NGM™ and SEfiler Plus™ kits. The
electropherograms above show 30-cycle PCR results for 25 ng/μL, 50 ng/μL and 100 ng/μL humic
acid samples, amplified with the NGM SElect™ kit (top three panels) and the SEfiler Plus™ kit (bottom
panels). The improved PCR chemistry of the NGM™ and NGM SElect™ kits allowed greatly
enhanced detection of alleles at high levels of PCR inhibitor compared to earlier generation kits.

Table 1.  Population study and Probability of Identity calculations

Table 1: Genotypes of human DNAs from 1,080 individuals, with approximately equal representation
between African American (344), U.S. Caucasian (346) and U.S. Hispanic (390) populations, were
determined using the NGM SElect™ kit. Allele frequency results were used to calculate the
Probability of Identity, which was compared against results of population studies for the SGM Plus®,
SEfiler Plus™, Identifiler® and NGM™ kits. The addition of the highly polymorphic SE33 locus to the
multiplex significantly improved the Probability of Identity. These kits use identical PCR primer
sequences among their common loci to ensure genotype concordance, except that the NGM
SElect™ kit incorporates additional primers for the Amelogenin, D22S1045 and D2S441 loci not
present in the NGM™ kit, to allow detection of variant alleles with SNPs in their primer binding site
regions. These additional primers will also be added to the NGM™ kit to ensure complete
concordance is maintained between the two kits.

CONCLUSIONS
Developmental validation of the AmpFℓSTR® NGM SElect™ Kit was performed according to the
SWGDAM guidelines, which specify several critical areas of assay performance to be tested. We
have presented key results from the validation studies, which demonstrate the extent to which
improvements in PCR chemistry, assay optimization and manufacturing processes have resulted in
substantial improvements in assay performance relative to earlier generation kits.

Extensive investigations to identify optimum SE33 primer sequences resulted in the discovery of a
SNP-containing region which induces a mobility shift in affected alleles. The NGM SEelct™ kit’s
SE33 primers have been designed to avoid this region and maximize concordance with existing
databases containing SE33 results.
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Sample vol. 10 μL Figure 4: Recent population studies identified population-specific SNPs in the D22S1045 and
D2S441 primer binding regions (primarily in African-American and Asian populations, respectively)
that caused drop-outs of affected alleles with the NGM™ kit (Carolyn Hill and John Butler, personal
communication). We designed additional primers to add to the multiplex to allow detection of
affected alleles. (1-A) D2S441 profile without additional D2S441 primer showing allele dropout;
(1-B) The same DNA as in (1-A) with the additional primer, showing the recovered allele (affected
alleles all typed as 9.1 microvariants); (2-A) D22S1045 profile without additional primer showing
allele dropout; (2-B) The same DNA as in (2-A) amplified with the extra D22S1045 primer, showing
the recovered allele. An additional primer was also added for the Amelogenin locus, to allow
detection of certain rare Amelogenin-X alleles (data not shown).

Figure 4: Additional primers for amelogenin, D22S1045 and D2S441 in the NGM
SElect Kit to allow detection of SNP-affected alleles
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Figure 3: During the development of the NGM SElect™ kit, we identified a SNP-containing region in
the vicinity of the SE33 repeat region that, when contained within the SE33 amplicon, caused a
mobility shift in alleles affected by any one of several SNPs. This resulted in a lack of genotype
concordance between SE33 alleles amplified with the SEfiler Plus™ kit (left panel) and those
amplified by a set of prototype SE33 primers that resulted in aberrant mobility in affected alleles
(center panel). Mobility shifted alleles fell outside of the correct bin and were mis-typed as either off-
ladder alleles or, when shifted by a full base pair, as incorrectly-assigned microvariant alleles.
Microvariant alleles are relatively common at the SE33 locus compared to other loci in the NGM
SElect™ kit therefore the occurrence of such alleles would not be considered unlikely and incorrect
assignement of the allele by the analyst would become more of a possibility. To avoid the risk of
incorrect designation, the SE33 primers were redesigned to avoid the problematic sequence and
deliver accurate SE33 allele calls in the final version of the NGM SElect™ kit (right panel).
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Figure 3. Designing the NGM SElect™ kit to avoid SE33 mobility-shift discordance
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