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Introduction 
In 2005, the European forensic community published 
recommendations on the development of new STR multiplexes 
to provide greater discrimination power and enhanced 
performance to facilitate expansion of data sharing initiatives 
between European countries. The AmpFℓSTR® NGM™ and NGM 
SElect™ kits have been developed in direct response to these 
recommendations for high performance, highly discriminating 
STR kits. 

The NGM™ and NGM SElect™ kits contain all 12 loci specified in 
the recently expanded European Standard Set of Loci (ESSL), 
together with the remaining markers from the SGM Plus® kit 
and the SE33 locus (NGM SElect™ kit only). Together, the NGM™ 
kits provide options that enable all European countries to 
obtain results for all required loci—including the SE33 locus, 
if required—from a single multiplex. In addition, reformulated 
reaction reagents and a greater number of loci concentrated in 
the low molecular weight region enable enhanced sensitivity and 
the ability to recover results from degraded and severely inhibited 
samples. 

Successful and efficient analysis of difficult forensic samples 
does not rely on loci configuration and performance alone, 
however. That’s why Applied Biosystems next-generation STR 
kits have also been designed to streamline the implementation 
process, promote a highly optimized laboratory workflow, and 
enhance data quality for confident and efficient interpretation.

Data Quality Worth Sharing 
The expansion of the ESSL was a major step towards 
establishing routine data sharing between European countries, 
but the success of such initiatives will also depend on several 
other key factors. The most critical of these may be the  
long-term quality of the data contained within each national 
database once the new loci are introduced. 

As a result of the limited size of the previous ESSL, only seven 
loci are common to all currently operational European DNA 
databases. Consider now the effect when some of these loci 
do not produce results due to the compromised nature of the 
sample. With only three or four loci available for comparison, any 
search across databases may yield hundreds, if not thousands, of 
adventitious matches, decreasing significantly the effectiveness 
of cross-border searches in detecting those responsible for 
criminal activity. 

The expansion of the ESSL to 12 loci will ensure that, in the long 
term, national databases have more loci in common. But it is 
the enhanced capability of next-generation multiplexes such as 
the NGM™ and NGM SElect™ kits that will help ensure that more 
of those loci produce unambiguous results, maximizing the 
effectiveness of international data exchange. 

Implementation of Next-Generation STR Kits: Challenges 
Although our next-generation chemistries have been developed 
to help combat the performance challenges encountered 
regularly by forensic laboratories, a number of interpretational 
and logistical challenges exist that must be addressed before 
the promise of better performance can become an operational 
reality. 
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• Challenge 1: The increased sensitivity and robustness afforded 
by the NGM™ and NGM SElect™ kits will lead to detection of (1) 
higher overall peak heights, (2) lower levels of input DNA 
and (3) a greater frequency of mixed samples. Laboratories 
will need to ensure that their instrument platforms are well 
maintained and calibrated to cope with the increase in signal. 
Their interpretation guidelines must also evolve to handle 
more stochastic results and more results from  
multi-contributor mixtures (Figure 1). 

• Challenge 2: The introduction of larger and more capable 
multiplexes will lead inevitably to increases in the amount of 
time required for data analysis. This will require laboratories 
to reassess their resource requirements and distribution. 

• Challenge 3: The ability to generate results from samples 
previously classed as “un-amplifiable” (Figure 2) will require 
laboratories to examine how quantitation results should be 
interpreted, especially for samples generating a negative 
quantitation value that may now be more likely to generate an 
STR result. 

• Challenge 4: The level of concordance between new and 
existing kits should be considered in terms of the anticipated 

 
 
 
 
 
 
frequency of non-concordant events and the impact this may 
have on the laboratory workflow. This may affect the number 
of sample re-amplifications that may be required for genotype 
confirmation, as well as the efficiency of searches against 
national and international databases. 

• Challenge 5: The introduction of a new technique often requires 
a diversion of resources from routine operations to (1) conduct 
the validation experiments needed to generate appropriate 
standard operating procedures and interpretation guidelines, 
and (2) train laboratory staff to become familiar with the new 
method and its operation.

• Challenge 6: The laboratory is not alone in facing 
implementation hurdles. Database authorities across Europe 
must ensure their national infrastructure can accommodate 
the five new loci. Match search algorithms may also require 
configuration to address the potential for non-concordant 
results that may arise from the wider use of alternative primer 
sequences for the same loci.  

Figure 1. An illustration of how the improved performance capabilities of next-
generation kits may result in the detection of more mixtures than with previous 
kits. An Identifiler® kit amplification of a sample taken from a pair of worn 
gloves (top panel) yields a weak, apparently single-source profile. An NGM™ kit 
amplification of the same sample (bottom panel) reveals a mixture originating 
from at least two contributors. (Results courtesy of Laboratorio de Biologia, 
Guardia Civil, Madrid, Spain.)

Figure 2. An illustration of how the increased performance capabilities of next-
generation kits may result in more samples producing a result after failing 
to register the presence of DNA when quantitated. A bone sample that failed 
to produce a quantitation value also failed to produce a result when amplified 
with the Identifiler® kit (left panel). The same sample, when amplified with 
the NGM™ kit (right panel) yielded results for all 16 loci. (Data Courtesy of RIS 
Carabinieri Roma, Italy.)
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This list is by no means exhaustive but represents the most 
common concerns raised by forensic laboratories during 
discussions regarding implementation of next-generation STR 
kits. These and other considerations must be addressed before 
forensic laboratories and law enforcement agencies are able 
to take advantage of the opportunities afforded by the latest 
technological developments.

The NGM™ & NGM SElect™ Kits: Designed with 
Implementation in Mind 
Fortunately, the NGM™ and NGM SElect™ kits have been 
developed to not only deliver enhanced performance and 
discrimination, but also simplify the whole implementation 
process as much as possible. Designed specifically to promote 
an optimized laboratory workflow and enable analysts to 
interpret results with enhanced confidence, the NGM™ and NGM 
SElect™ kits address many of the challenges highlighted above. 

One Sample, One Amplification 
Consistent with recent industry trends and responding to 
feedback from the ENFSI and EDNAP groups, the NGM™ and 
NGM SElect™ kits have been designed to enable laboratories to 
obtain high-quality results from the majority of database and 
casework samples with one kit and one amplification. A single 
amplification approach provides numerous benefits, including:

• Reduced time required for validation and analyst training prior 
to implementation

• Reduced sample processing and analysis time
• Reduced cost associated with the implementation process and 

the sample processing workflow 
• Increased sample throughput capabilities, without the need for 

additional staff and/or automated system resources 

Exceptional Data Quality 
Maximizing all aspects of data quality is one of the best ways to 
promote an optimized workflow and increase the confidence with 
which data can be interpreted. In the NGM™ and NGM SElect™ 
kits, highly optimized dye chemistry combines with the latest 
primer manufacturing techniques to enable superior multiplex 
system performance and generate a result that is consistently 
more balanced than ever before.

• A Good Dye’s Work
The NGM™ and NGM SElect™ kits utilize the proven, highly 
optimized G5 dye set already used in the Identifiler®, SEfiler 
Plus™, MiniFiler™ and Yfiler® kits. This dye set is designed to be 
fully compatible with the range of Applied Biosystems capillary 
electrophoresis platforms validated for forensic applications, 
enabling creation of high-quality matrix and spectral 
calibrations. Optimizing the spectral calibration file is one of 
the simplest ways to maximize data quality and simplify the 
data analysis process. By eliminating pull-up peaks, profiles 

become simpler to interpret for analysts as well as expert 
system software packages. Single-source samples can pass 
more easily through expert system software, while analysts 
spend less time editing profiles for the superfluous labels 
that are inevitable if using either a sub-optimal spectral or a 
chemistry based on less compatible dye systems (Figure 3). 

 
 
 
 
 
 
 

• Finely Balanced
Balance across all aspects of the profile is a key measure of 
profile quality. The NGM™ and NGM SElect™ kits have been 
designed to maximize the balance within and between each 
dye color and between the two alleles of a heterozygote to 
enhance the efficiency with which single-source samples 
can be analyzed using expert system software and assist 
with the interpretation of mixtures. Heterozygote peak 
height ratio can be helpful in determining the number of 
contributors present in a mixed sample and to evaluate the 
genotype of the minor contributor(s). Studies associated with 
the development of previous AmpFℓSTR® kits demonstrated 
that heterozygote peak height ratio is primarily a function of 
input DNA. Therefore, the NGM™ and NGM SElect™ kits have 
been optimized for 1 ng input DNA and 29 cycles of PCR to 
maximize the balance between sensitivity of the system as 
a whole and the heterozygote peak height ratio of individual 
loci (Figure 4). Balancing the loci within a color, such that one 
locus does not outperform another, enhances the ability to 
detect a full profile for the minor contributor to a mixture, even 
when the minor contributor may be present at a comparatively 
low level (Figure 5). 
 
 
 

Figure 3. An illustration of the benefits of using a dye set designed to be fully 
compatible with Applied Biosystems capillary electrophoresis platforms. When 
analyzed with an optimal spectral calibration for the G5 dye set, the NGM™ (top 
left) and NGM SElect™ (bottom left) kits produce clean results that require little 
or no editing from the user. Profiles from other commercially available kits (top 
and bottom right) show significant interference from spectral pull-up (indicated 
by the orange circles) resulting from the use of less compatible dye sets (all 
electropherograms show signal in the 2,000–3,000 RFU range). These profiles 
require considerable user editing to remove superfluous labels, increasing 
analysis time and reducing the effectiveness of expert system software 
analysis.



 by            technologies

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Improved Baseline Quality
To further enhance profile quality, significant efforts have 
been invested in improving our manufacturing processes, 
particularly those relating to primer production. The new 
methods have resulted in the removal of small, dye-related 
artifacts in the low molecular weight region, generating 
significantly cleaner baselines (Figure 6). Cleaner baselines 
speed up the analysis process by reducing the degree of 
editing required and simplifying the interpretation process. 

Maintenance of Existing Primer Sequences 
Whenever a new kit development project commences, there 
is always the opportunity to modify primer sequences for 
any of the loci in the system. However, there are significant 
benefits associated with maintaining, when possible, the primer 
sequences for loci common to existing AmpFℓSTR® chemistries.
These include concordance of results, confidence in the 
performance of the system and simplified analyst training. 

• Maximized Result Concordance
One of the most important considerations when implementing 
a new STR kit is the level of concordance that may be expected 
when comparing new data with the vast repositories of 
historical data currently stored in national DNA databases.  
By utilizing the same primer sequences for loci common to 
other AmpFℓSTR® kits, comparisons between new and 
existing results are simplified. Amplifications with the same 
primers should be expected to deliver identical results (barring 
any compromise to the sample that causes a partial profile or 
other anomaly to occur). This helps reduce the occurrence of 
mismatches and the need for re-amplification  
of samples to verify the correct genotype.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If using a sample processing strategy that involves two 
amplifications of a sample with two kits that use different 
primer sequences for overlapping loci, there is the possibility 
of obtaining different results for the two amplifications due to 
the presence of primer binding site mutations affecting one 
of the two primer sets. While this is a fairly common and well 
understood occurrence within the forensic laboratory, questions 
may arise regarding which result to load to a national database 
and how to explain the two different results to a non-scientific 
jury in court. Using a single kit for all amplifications containing 
primer sequences consistent with those used to generate results 
already stored in national databases simplifies all aspects of 
result reporting and comparison. This is one of the significant 
advantages offered by the NGM™ and NGM SElect™ kits.
 
Result concordance is further enhanced by maintaining both 
the allelic ladder allele ranges and the number of physical 
and virtual bins contained in the panel and bin sets. This is  
consistent for all loci in the NGM™ and NGM SElect™ kits, which
are also common to the SGM Plus®, Identifiler®, SEfiler Plus™, 
and MiniFiler™ kits (Figure 7). Therefore, the panel and bin sets 
associated with the new kits genotype exactly the same alleles 
as many previous kits for the common loci, thus eliminating the 
possibility of non-concordance arising from the use of different 
allelic ladders with different ranges in different kits. 
 
 
 
 
 

Figure 4. An illustration of the level of heterozygote peak height ratio expected 
as DNA input concentrations are reduced for the NGM™, SGM Plus®, SEfiler 
Plus™ and Identifiler® kits. The best levels of balance are achieved using 
higher input DNA concentrations; therefore, the NGM™ and NGM SElect™ 
kits are optimized for a combination of 1ng input DNA concentration and 29 
amplification cycles.

Figure 5. An illustration of the level of balance expected both within and 
between dye colors for the NGM™ kit. Both the NGM™ and NGM SElect™ kits are 
designed to maximize balance within a color and take advantage of the variable 
binning capability of the Applied Biosystems CE platforms to deliver improved 
balance between dye colors. More balanced profiles render all sample types 
easier to interpret. Single-source samples pass more efficiently through expert 
system analysis software and the minor contributors in mixed samples are 
more likely to be detected in casework samples.
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Figure 6. A comparison of negative control reactions for the SGM Plus® 
(top panel), Identifiler® (second panel), NGM™ (third panel) and NGM SElect™ 
(bottom panel) kits. The improved primer manufacturing process introduced for 
the NGM™ and NGM Select™ kits results in significantly cleaner baselines than 
for previous AmpFℓSTR® kits.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Confidence in Multiplex Performance
The construction of large multiplex STR systems is a complex 
process, and the most time consuming and challenging aspect 
of this is the design and subsequent testing of the primers. 
A key criterion associated with the construction of large 
multiplexes is to ensure the specificity of the primers with 
regard to their interactions with other primers in the multiplex. 
As multiplexes become larger, the number of primers required 
also increases, raising the possibility that each primer may 
interact not just with its own locus partner, but with others  
in the system, causing non-specific products to form.  
Non-specific products complicate interpretation and  
should therefore be avoided whenever possible. Using primer 
sequences with a long and established history of high-quality 
performance provides a solid foundation for a new and 
expanded multiplex, simplifying multiplex construction and 
minimizing the chances of generating non-specific artifacts. 
In the case of the NGM™ kit, only the primer sequences for the 
five new loci required investigation. These were redesigned 
from those published in the literature to optimize performance 
and position in the new multiplex. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Specific to the NGM SElect™ kit, the primers for the SE33 
locus were also redesigned from those contained in the 
SEfiler Plus™ kit to relocate the amplicon into the available 
region in the PET (red) dye channel. This project illustrated 
the challenges associated with the introduction of just one 
new set of primers into an already established multiplex, as 
well as the potential impact of changing primer sequences on 
genotype concordance. (For more details on the introduction 
of the SE33 locus into the NGM SElect™ kit, please refer to 
the article “Development of the AmpFℓSTR® NGM SElect™ 
Kit: New Sequence Discoveries and Implications for Genotype 
Concordance” in this issue of Forensic News). 

• Simplified Analyst Training
Maintaining primer sequences also simplifies analyst training 
in that the position of the core loci in the new multiplex are 
maintained, reducing the amount of training required to become 
familiar with the new system. The 11 loci contained in the SGM 
Plus® kit were used as the backbone of the NGM™ and NGM 
SElect™ kits, with 10 out of the 11 loci maintaining positions 
and dye colors in the new multiplexes (Figure 8). The remaining 
locus, D3S1358, maintained its position but required a change 
of color from blue to red. When comparing the configuration 
of the NGM SElect™ kit to the SEfiler Plus™ kit (the only other 
AmpFℓSTR® kit containing SE33), eight out of the 12 loci 
contained in the SEfiler Plus™ kit maintain positions and colors 
while D3S1358, D21S11 and D18S51 maintain position but 
change color. SE33 is the only locus that changes both position 
and color to optimize its location in the new multiplex. 
 
 
 
 
 
 

Figure 7. Example of the NGM SElect™ kit allelic ladder. The NGM™ and NGM 
SElect™ allelic ladders genotype the same range of alleles as the ladders used 
for loci common to the SGM Plus®, Identifiler®, SEfiler Plus™ and MiniFiler™ 
kits. This ensures genotype non-concordance does not arise through the use of 
allelic ladders with different ranges in different kits.
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Conclusion 
Here we have described how the NGM™ and NGM SElect™ 
kits have been developed not only to deliver unparalleled 
performance on challenging samples, but also to ease the 
burden of implementation faced by laboratories looking to adopt 
the expanded European Standard Set of Loci. These kits have 
been designed specifically to address the requests made by 
the ENFSI and EDNAP groups for improved discrimination and 
performance in a single amplification, thereby maximizing the 
efficiency of the laboratory workflow. Radical developments 
in amplification chemistry enable a significant increase in the 
amount of information recoverable from inhibited and degraded 
casework samples when compared to previous AmpFℓSTR® kits, 
while maintenance of key aspects of our kit portfolio simplify 
many aspects of implementation and operational processes. We 
believe the NGM™ and NGM SElect™ kits represent a high quality, 
uncomplicated way for laboratories to achieve successful and 
efficient analysis of forensic samples, and participate effectively 
in data exchange programs. 

Figure 8. Illustration of how the maintenance of primer sequences from 
previous kits helps to maintain the position of loci within the new multiplex 
and reduces the amount of analyst training time required. The orange boxes 
indicate the loci that maintain position and colors in the NGM™ and NGM 
SElect™ kits compared to the SGM Plus® kit.
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