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The AmpFℓSTR   Identifiler® Plus PCR Amplification Kit incorporates recent technology advancements to improve the robustness 
of the assay in the presence of PCR inhibitors. These improvements address challenges that are commonly faced by casework 
laboratories—PCR inhibition, low sample quantity, mixtures, and degradation. The enhanced capabilities of the Identifiler®  Plus 
Kit demonstrate the ability to increase the percentage of casework evidence samples from which interpretable profiles can be 
obtained.

Recent studies performed at Applied Biosystems suggest that current commercially available multiplexes that contain large 
numbers of loci may be more susceptible to the effects of inhibition and thus yield less information from compromised casework 
samples. One such study examined the effect of 15 µM hematin on profiles generated from single-source and mixed DNA samples 
targeting 1.5 ng DNA input amplified with the Identifiler®  and Profiler Plus®  ID Kits. The number of allele dropouts was tallied for 
loci common to the Identifiler® and Profiler® Plus ID Kits. Figure 1 illustrates that the number of allele dropouts was significantly 
higher for the 16-locus Identifiler® Kit results than was observed using the 10-locus Profiler Plus® ID Kit.

Improved Recovery of Interpretable Results From Challenging Samples Using the Identifiler   Plus Kit—An 
Overview of Test Site Data
 

Figure 1: Allele dropout count for loci common to the Identifiler® Kit (blue bars) and Profiler Plus® ID Kit (green bars) for single-source, 
1:1, 1:5, and 1:7 mixtures. The DNA input of 1.5 ng was amplified in the presence of 15 µM hematin.
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Figure 2: Identifiler® Kit profiles from 6 single-source samples generated by the amplification of 1.5 ng DNA in the presence of 15 µM 
hematin.

The effect of 15 µM hematin on Identifiler® Kit profiles from single-source samples is shown in Figure 2. The resulting profiles 
demonstrate a "ski slope" type of effect,  where the longer amplicons tend to produce lower peak heights than the shorter 
amplicons. Another characteristic effect of inhibition, the decrease in peak heights for certain smaller amplicons, such as 
D3S1358 and D13S317, is also observed. In addition, profiles generated using the Identifiler® Kit demonstrated more imbalanced 
heterozygous peak heights than profiles generated using the Profiler Plus®  ID Kit. 

Detection of a maximum number of alleles from major and minor contributors to mixtures and achieving balanced peak heights 
from heterozygous loci are both critical factors in the interpretation of mixtures. To that end, the Identifiler® and Profiler Plus®  Kits 
were examined to determine the number of allele dropouts observed for both the major and minor contributors to DNA mixtures. 
Figure 3 illustrates the effect of inhibitors on the percentage of alleles detected in profiles generated using the Identifiler® Kit. 
Full profiles were detected for the majority of the samples with no inhibitor; however, in the presence of 15 µM hematin or 6 ng/µL 
humic acid, numerous dropouts resulted for both the major and minor contributors.
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Similar results were observed with the Profiler Plus® ID Kit although inhibitors had a lesser effect than with the Identifiler®  
Kit (data not shown). Additionally, data generated with both kits exhibited a decrease in peak height balance in the presence of 
inhibitors. This finding was more pronounced with Identifiler® Kit data than with Profiler Plus® ID Kit data. 

Figure 3: Percent allele recovery for major and minor Identifiler® Kit profiles in single-source, 1:1, 1:5, and 1:7 mixtures in the presence and absence 
of inhibitor from 6 single-source samples. HA = humic acid; HM = hematin; TE = TE buffer (no inhibitor).

Such data represented a challenge in the development of more robust STR kit chemistry for forensic casework applications. 
Can the effect of inhibition be overcome with complex multiplexes such that the data obtained from challenging samples is both 
interpretable and sufficiently discriminating? In order to address this, Applied Biosystems scientists adapted and improved upon 
technology developed during optimization of the AmpFℓSTR® MiniFiler™ and SEfiler™ Plus PCR Amplification Kits to improve the 
performance of the  Identifiler® Plus Kit with inhibited samples while maintaining complete concordance with existing data. Initial 
successes have been previously described (Forensic News, July 2009).  Figure 4 demonstrates the benefit of changes made to the 
PCR master mix and thermal cycling conditions on the DNA mixtures in the presence of 15 µM hematin or 6 ng/µL humic acid when 
amplified with the Identifiler® Plus Kit. For all conditions, complete profiles were obtained. In fact, the amount of inhibitor required 
to cause an observable reduction in profile quality was significantly higher than the amounts used in this study. High-quality 
Identifiler® Plus Kit profiles were obtained at 100 µM hematin and 100 ng/µL humic acid inhibitor levels. No profile was obtained 
with the Identifiler® Kit at these levels of inhibition. 
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Figure 4: Percent allele recovery for major and minor Identifiler® Plus Kit profiles in single-source, 1:1, 1:5, and 1:7 mixtures in the 
presence and absence of inhibitor from 6 single-source samples. HA = humic acid; HM = hematin; TE = TE buffer (no inhibitor).

Continued next page 

Test Site Data

The proof, as they say, is in the pudding. In order to evaluate the improvements to the Identifiler® Plus Kit, we solicited the help of 
several forensic laboratories. These laboratories were asked to perform an evaluation of the sensitivity of the Identifiler® Plus Kit at 
28 and 29 cycles of amplification, test a set of inhibited samples, and perform a comparative study between the Identifiler® Plus Kit 
and a kit currently in use in their laboratory on a set of challenging samples. Table 1 summarizes the work performed at the various 
test sites.

Table 1. Test site summary.

Test Site Casework Sample Type Comparison Chemistry CE Instrument

1 Various touch evidence samples Identifi ler® Kit
Applied Biosystems® 3130 
Genetic Analyzer

2 Bone Samples Identifi ler® Kit
Applied Biosystems® 3130xl 
Genetic Analyzer

3
Sexual assault and touch evidence 
samples

Identifi ler® Kit
Applied Biosystems® 3130 
Genetic Analyzer

4 Sexual assault and bone samples Profi ler Plus® Kit
ABI PRISM® 310 Genetic 
Analyzer
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Table 2. Results obtained with the Identifiler® Plus Kit using 28 PCR cycles.
(blue = profiles containing allele dropout; red = profiles contain off-scale alleles)

Sensitivity Study Results 

The control DNA 9947A was amplified in quadruplicate, and the amplification products were scored and summarized in the tables 
below (full profile = 26 allele peaks). 

Continued next page 

Table 3. Results obtained with the Identifiler® Plus Kit using 29 PCR cycles.
(blue = profiles containing allele dropout; red = profiles contain off-scale alleles)

Test Site 1 ng 500 pg 250 pg 125 pg 62.5 pg 31.25 pg

1 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 24, 22, 22, 24 12, 10, 10, 11

2 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 24, 24, 25, 26 16,12,22,17

3 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 26, 26, 25, 26 14, 22, 0, 0 7, 16, 0, 0

4 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 26, 25, 26, 25 22, 22, 22, 24

Test Site 1 ng 500 pg 250 pg 125 pg 62.5 pg 31.25 pg

1 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 23, 25, 21, 20

2 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 25 21, 25, 21,25

3 26, 26, 26, 26 26, 26, 26, 26 26, 25, 26, 24 26, 17, 26 , 26 13, 26, 26, 25 0, 18, 23, 19

4 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26 26, 24, 26, 26
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With the exception of one replicate in each case, both the 28- and 29-cycle protocols yielded full profiles at 125 pg DNA input (based 
on quantification using the Quantifiler® Human DNA Quantification Kit). As shown in Figure 5, the average peak heights with 1 ng 
DNA input for the 29 cycle replicates were approximately 2x higher than the average peak heights for the 28 cycle replicates. Off-
scale data were observed with 1 ng DNA input when amplifying for 29 cycles.

Continued next page 

Figure 5: Average peak heights for 1 ng DNA input amounts amplified in quadruplicate for 28 and 29 cycles with the 
Identifiler® Plus Kit. 

Amplification of No-Template Controls

No-template controls were amplified in quadruplicate for 28 and 29 cycles, run on the CE instrument used by the laboratory, 
and analyzed with a 50 RFU analysis threshold using GeneMapper® ID-X v1.1 Software. No reproducible artifact greater than 50 
RFU was observed in the read region between 94 bp to 366 bp.

Inhibited Samples Results

The amplification products for the control DNA 9947A, in the presence and absence of hematin or humic acid, were scored and 
are summarized in the table below (full profile = 26 allele peaks). All test sites obtained full profiles with the inhibited samples.
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Table 4: Identifiler    Plus amplification products for the control DNA 9947A, in the presence and absence of hematin or humic acid (full profile = 26 allele peaks).

A comparison of the Identifiler®  vs. Identifiler® Plus assays in the presence of PCR inhibitors was performed by Test Site 1. The result 
of the study is shown in Figures 6 and 7.

Continued next page 

Figure 6: Identifiler® vs. Identifiler® Plus in the presence of 200 µM hematin (from Test Site 1).

Test Site 1 ng 9947A 1 ng 9947A + 200 µM 
hematin

1 ng 9947A + 50 ng/µL   
humic acid

1 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26

2 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26

3 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26

4 26, 26, 26, 26 26, 26, 26, 26 26, 26, 26, 26
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Figure 7: Identifiler® vs. Identifiler® Plus in the presence of 50 ng/µL humic acid (from Test Site 1).
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Casework Sample Results

Three of the four external test sites compared results obtained from casework samples using the Identifiler® Plus Kit to results 
obtained from the same samples using the Identifiler® Kit. Profiler Plus®  was used as the comparative chemistry by the fourth test 
site.

Test Site 1 tested DNA from 30 different casework samples prepared using an organic extraction method. The sample types 
included swab samples collected from various vehicle surfaces (e.g., steering wheel, gear shift) and swab samples collected from 
other surfaces including a knife, leather glove, and zip ties. Of the 30 samples, 17 yielded no information with Identifiler® but did 
produce interpretable results with Identifiler® Plus. In total, 243 alleles were detected using the Identifiler® Kit and 699 alleles were 
detected using the Identifiler® Plus Kit. This represents an increase in information recovered of 188%.

Test Site 2 tested DNA extracted from 22 bone or tooth samples using a variety of extraction methods. A total of 124 alleles were 
detected using the Identifiler® Kit vs. 302 alleles detected using the Identifiler® Plus Kit, representing an increase in information 
recovered of 143%. For 6 of the bone samples, alleles were only detected using the Identifiler® Plus Kit with no information 
recovered using the Identifiler® Kit. Figure 8 illustrates one such example.
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Figure 8: Bone sample from Test Site 2 amplified with the Identifiler® Kit (left pane) and Identifiler® Plus Kit (right pane). Only one 
dropout was observed in the Identifiler®   Plus Kit data. 
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Test Site 3 compared Identifiler® and Identifiler® Plus Kit results obtained on a wide range of sexual assault, clothing stain, bedding, 
cigarette butts, and touch evidence samples. A total of 26 samples were analyzed. All of the samples yielded full or partial profiles with 
503 alleles recovered using Identifiler® and 638 alleles recovered using Identifiler® Plus, an increase of 27%. Two samples that yielded 
no results with the Identifiler® Kit yielded 26 and 36 alleles with the Identifiler® Plus Kit. The results obtained from a cigarette butt are 
shown in Figure 9.

Figure 9: Cigarette butt from Test Site 3 amplified with the Identifiler®   Kit (left pane) and Identifiler®   Plus Kit (right pane). 6 alleles 
were detected using the Identifiler®   Kit and a full profile was obtained using the Identifiler®   Plus Kit.
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Test site 4 compared a wide variety of sexual assault sample types as well as buried and aged bone samples using Profiler Plus® as the 
comparative chemistry. For the shared loci, 383 alleles were recovered with Profiler Plus® vs. 474 with Identifiler® Plus, an increase 
of 24%. A total of 769 alleles were detected from the 32 samples using Identifiler® Plus when results from the five additional loci were 
included. Figure 10 illustrates results obtained using the Identifiler® Plus Kit from a bone which had been buried for 10 weeks. The 
Identifiler® Plus Kit recovered 11 alleles vs. 1 allele recovered with the Profiler Plus® Kit. This sample yielded a full profile with the 
MiniFiler™ Kit (loci indicated by black outline), indicating the utility of mini amplicons for the recovery of additional information from 
degraded samples. 

Continued next page 

Figure 10: Bone sample from Test Site 4 amplified with the Identifiler   Plus Kit (left pane) illustrating recovery of 11 alleles. The area outlined in 
black highlights loci contained in the MiniFiler    Kit which yielded a full profile for this sample. The MiniFiler    Kit profile is shown in the right pane.

Figure 11 summarizes the allele recovery from the casework samples analyzed by the test sites with the Identifiler® Kit (Test Sites 
1, 2, and 3) or the Profiler Plus® Kit (Test Site 4) compared to results obtained from the same samples using the Identifiler® Plus Kit. 
Overall, a 68% increase in alleles recovered was recognized across the 4 test sites using the Identifiler® Plus Kit.
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Figure 11: Comparison of the total number of alleles obtained by each test site using their currently validated kit (Identifiler   or 
Profiler Plus® ) vs. the Identifiler® Plus Kit. For Test Site 4, the data shown represent only alleles shared between the Profiler 
Plus® and Identifiler® Plus Kits.

Conclusions
Overall, the data obtained from the test site laboratories demonstrates that the Identifiler Plus Kit increases the amount of information 
recoverable from casework samples and broadens the number of samples that can produce interpretable profiles. The Identifiler® 
Plus Kit provides a high level of tolerance to known PCR inhibitors such as hematin and humic acid and produces partial profiles 
for DNA input amounts as low as 32.5 pg. Amplification of no-template controls at both 28 and 29 cycles produced no reproducible 
artifacts in the hands of the test site analysts.
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