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What’s New
GlobalFiler™—The World’s Most Powerful STR Kits

Around the world, forensic labs are being asked to do more with 
less. That’s why the new GlobalFiler™ STR Kits combine reduced 
amplification time with maximum data recovery power. As part 
of the only fully integrated and validated forensic workflow, this 
breakthrough 6-dye, 24-loci technology is designed to deliver 
unprecedented lab performance. 

Go Faster
•	 Up to 5-times faster amplification time than  

previous-generation kits

•	 Enables sample to answer in <2 hours—rapid DNA results  
from current CE platforms

Go Further
•	 24 loci, including 10 mini-STRs, increasing discrimination 

power by up to 9 orders of magnitude

•	 Enhanced buffer system and sensitivity for even better 
performance on inhibited and low-level samples

Introducing GlobalFiler™ 

The World’s Most Powerful STR Kit 
Breakthrough 
6-dyeTM technology
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Around the world, forensic labs are being 
asked to do more with less. That’s why 
the new GlobalFiler™ STR Kit combines 
reduced amplification time with  
maximum data recovery power. 

 

For the past 16 years, Life Technologies 
has led the way in the evolution of STR 
technology. And today, GlobalFiler™ Kits 
utilize breakthrough 6-dye™ chemistry 
to enable optimal performance and 
unprecedented discrimination power.

 

As part of the only fully integrated 
and validated forensic workflow, this 
breakthrough 6-dye™, 24-loci technology 
is designed to deliver unprecedented 
lab performance. And, it’s backed by 
Life Technologies best-in-class training, 
service, and support.

The GlobalFiler™ Kit allelic ladder includes 343 
alleles featuring expanded marker ranges for 
many loci while maintaining interlocus spacing. 
The expanded panel and virtual bins minimize 
OL allele calls and facilitate more accurate and 
efficient automated genotyping.

The GlobalFiler™ Kit multiplex configuration 
includes all 24 loci with only 1 locus 
partially exceeding 400 base pairs. 10 
mini-STR loci lie completely below 220 
base pairs, and all gender-specific markers 
are located in the green VIC® channel for 
convenience of interpretation.

Collect & Punch Amplify
Detect  

& Analyze

Go faster.
 5x faster amplification 

Go further.
 Up to 9 orders of magnitude more discrimination power

Go global.
 Maximum database compatibility

Utilizing optimized reagents, thermal 
cycling parameters, and the latest advances 
in oligo synthesis and purification, this 
breakthrough chemistry enables up  
to 5 times faster amplification time than 
previous-generation kits.

•	 GlobalFiler™ Express Kit for  
 single source samples:  
 ~40 minutes

•	 GlobalFiler™ Kit for casework samples:  
 ~80 minutes

•	 Enhanced	buffer	system	enables	superior	 
 performance on inhibited samples

•	 	Improved	sensitivity	and	flexibility	to	
add up to 15 μL of sample input volume 
enables increased allele recovery from 
low level samples 

As global forensic DNA databases rapidly 
expand, so does the need for more 
discriminating STR multiplexes that 
can maximize loci overlap. That’s why 
GlobalFiler™ Kits incorporate as many 
commonly used loci as possible—all in a 
single multiplex.

•	 GlobalFiler™ Kits contain all of the 
 STR loci commonly used in major global 
 databases, including all markers 
 recommended for inclusion by the  
 CODIS Core Loci Working Group and  
 those markers commonly used in Europe

•	 Reduces	the	risk	of	adventitious	 
 matches while enabling more effective 
 cross-border data sharing

 

D7S820 

AMEL
D5S818

D13S317

D21S11Y indel

DYS391
D3S1358

D16S539

D19S433

VWA

D18S51
SE33

D10S1248
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CSF1PO
D12S391

D2S1338

D1S1656 D2S441

TPOXD22S1045
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GlobalFilerTM Express Workflow: Samples to results in <2 hours*

Connect with us for GlobalFiler™ 
updates and we’ll donate to  
DNA-PROKIDS.* Learn more at  
lifetechnologies.com/globalfiler

*Some limitations and restrictions on donations apply. This offer is not available in all jurisdictions. To see the details  
of the offer, visit www.lifetechnologies.com/globalfiler For Forensic or Paternity use only. Not intended for any animal 
or human therapeutic or diagnostic use. © 2012 Life Technologies Corporation. All rights reserved. The trademarks 
mentioned herein are the property of Life Technologies Corporation or their respective owners, unless otherwise noted.

*Typical workflow for up to 48 single source samples using Applied Biosystems®  
thermal cyclers, genetic analyzers and expert system analysis software.

•	 24	loci	multiplex	enables	up	to	9	orders 
 of magnitude more discrimination power 
 than previous generation kits

•	 Includes	10	powerful	mini-STR	loci	for 
 increased information recovery from 
 heavily degraded samples

Go Global
The only kit with all markers recommended for inclusion by the 
CODIS Core Loci Working Group, including all markers commonly 
used in Europe, for maximum global database compatibility.

Want to Learn More?
•	 Visit the GlobalFiler™ website:  

lifetechnologies.com/globalfiler

•	 Watch the GlobalFiler™ video:  
youtu.be/9LnRoWirU0A 

•	 Watch the GlobalFiler™ webinar:  
youtube.com/watch?v=wuROHEDyl-0

http://www.invitrogen.com/site/us/en/home/Products-and-Services/Applications/Human-Identification/globalfiler_str_kit.html?CID=fl-globalfiler
https://www.youtube.com/watch?v=wuROHEDyl-0
https://www.youtube.com/watch?v=9LnRoWirU0A&feature=youtu.be
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Figure 1. The complete integrated workflow for efficient evidence sample processing from Life Technologies.

What’s New
DNA Collection Solutions for Human Identification

NUCLEIC-CARD™ and 4N6FLOQSwabs™ forensic DNA 
collection systems
Before any DNA sample can be genotyped for human 
identification purposes, it must first be collected from 
an individual or crime scene. Therefore, it is critically 
important that samples are collected in an optimal  
manner with devices designed to:

•	 Enable efficient, high-quality PCR amplification  
for genotyping

•	 Facilitate automation, preservation, and storage

•	 Maintain chain of custody and sample integrity

To meet this need, Life Technologies is proud to offer 
innovative, high-quality collection solutions through a 
partnership with Copan Flock Technologies, a leading 
manufacturer of sample collection and DNA preservation 
tools. The NUCLEIC-CARD™ and 4N6FLOQSwabs™ 
collection systems, in combination with the completely 
integrated human identification analysis workflow from Life 
Technologies, enable forensic and paternity laboratories to 
maximize efficiency and achieve the highest quality results.

•	 Explore the complete line of 4N6FLOQSwabs™ and 
NUCLEIC-CARD™ collection systems at  
lifetechnologies.com/samplecollection

•	 See the article in the Technical Focus section of this 
issue of Forensic News: “Direct PCR Amplification of 
Buccal Samples on the NUCLEIC-CARD™ COLOR With 
the AmpFℓSTR® Identifiler® Direct PCR Amplification Kit”

Featured Products:
4N6FLOQSwabs™ devices for crime scenes
At crime scenes, it is essential that the sample collection device 
prevents microbial contamination, while preserving nucleic acid 
integrity. The unique 4N6FLOQSwabs™ for crime scenes product 
line is specifically designed for sample collection of sweat,  
semen, blood stains, skin, and environmental trace evidence 
found at the crime scene. 

•	 Optimized for challenging samples—rapid absorption capability 
and superior sample release is especially valuable with limited 
or trace amounts of DNA

•	 Prevents microbial contamination—swabs are specially treated 
with antimicrobial agents

•	 Sample drying not needed—due to the strong antimicrobial 
action, the sample can be transferred into a tube or vial without 
drying, and can withstand more humid conditions

Figure 1

Traditional fiber 
swabs: the sample 
stays entrapped in 
the fiber wad

4N6FLOQSwabs™ 
have no inside:  
the sample is 
instantly and  
more efficiently 
released

Traditional 4N6FLOQSwabs™

Collect Extract Quantify

4N6FLOQSwabs™ 

 collection devices

AutoMate Express™ 
Forensic  

DNA Extraction System

7500 Real-Time PCR 
System

PrepFiler™ Kits Quantifiler® Kits

Next- 
Generation 

PCR 
Amplification 

Kits

3500/3500xL  
Genetic Analyzer 

3130/3130xl  
Genetic Analyzer 

Veriti® 96-Well  
Thermal Cycler  
GeneAmp® PCR 

System  
9700 Cycler

GeneMapper® ID-X 
Software 

Detect and analyzeAmplify

http://lifetechnologies.com/samplecollection


Probability of Identity (PI)

Caucasian HispanicAfrican American

Forensic News 2013

7 8

Figure 1

What’s New
Enhanced Tools for Y-STR Analysis

What’s New
VeriFiler™ Direct PCR Amplification Kit

Y-STR analysis is a valuable tool in certain forensic applications 
such as sexual assault cases, tracing family relationships among 
males, missing person investigations, and paternity testing. 

For a number of years, the Applied Biosystems® Yfiler® Kit 
has been widely recognized as the gold standard for the 
forensic analysis of Y-STR markers. The capabilities of this 
well established marker set expanded recently through the 
release of the Yfiler® Direct Kit, enabling direct amplification of 
single-source samples and streamlining the Y-STR workflow.  
To learn more visit lifetechnologies.com/ydirect.

In addition, Life Technologies is currently improving the 
performance capabilities of the Yfiler® Kit so that it can benefit 
from the many enhancements incorporated into recently released 
Applied Biosystems® STR chemistries, such as enhanced profile 
balance, maximized resistance to inhibitors, and shorter time to 
results. We are also carefully considering the wider application 
requirements of forensic Y-STR analysis in order to design a truly 
next-generation Y-STR system. 

The inclusion of currently used Y-STR markers in a next- 
generation multiplex is a strong consideration given that existing 
Y-STR databases are already populated with profiles containing 
this information. However, the utilization of advanced 6-dye 
technology, as shown with the GlobalFiler™ Kits, can enable 
substantial expansion of discriminating loci while also allowing 
inclusion of more mini-STR markers for improved data recovery 
from challenging degraded samples. 

The VeriFiler™ Direct PCR Amplification Kit is a multiplex assay 
designed to amplify 9 unique STR loci plus the sex-determining 
marker Amelogenin. The new kit and loci configurations are 
optimized for use with the Identifiler® series kits to enable 
increased discriminatory power when needed for your difficult 
paternity cases. The kit is validated for direct amplification from 
common single-source samples, which eliminates the need for 
gDNA extraction and quantification, minimizing hands on time 
and labor requirements. VeriFiler™ Direct helps you get more 
information using your existing instrumentation and workflow. 

Why Should I Choose the VeriFiler™ Direct PCR Amplification Kit?

•	 A low-cost 9-plex adjunct PCR amplification kit

•	 When run with Identifiler® Series products: 

 —Yields 6 additional highly discriminatory STR loci

 —3 overlapping STR loci to confirm inter-assay genotyping 
consistency

•	 Direct amplification workflow from common sample types  
used in paternity testing:

 —Buccal swabs

 —FTA® card punches

 —gDNA extractions

•	 Works with your existing Applied Biosystems® CE 
instrumentation and data analysis software packages

Probability of Identity (PI) Caucasian African 
American Hispanic

VeriFiler™ Direct 7.75E-12 1.22E-12 6.12E-12

Identifiler® 5.01E-18 1.31E-18 7.65E-18

Identifiler®+ VeriFiler™ 2.09E-25 1.51E-26 2.61E-25

Probability of Paternity 
Exclusion (PE) Caucasian African 

American Hispanic

VeriFiler™ Direct 0.999908235 0.999964837 0.999999000

Identifiler® 0.999999200 0.999999600 0.999999000

Identifiler®+ VeriFiler™ 0.999999999 1.000000000 0.9999999995

Figure 1. Adding VeriFiler™ Direct data to data generated from an Identifiler® 
series kit can decrease your probability of identity by up to 8 orders of  
magnitude and greatly increases your probability of paternity exclusion.

Our strategy therefore is to develop an enhanced Y-STR multiplex 
that combines well-known loci as well as recently characterized, 
highly discriminating Y-STRs into a single reaction. This multiplex 
will enable significantly higher discrimination in paternal  
lineages, combined with unprecedented capabilities in terms of 
robustness, sensitivity, and male specificity to recover information  
from forensic samples.

Compared to the previous Yfiler® Kit, this next-generation Y-STR 
kit will enable:

•	 Higher number of alleles recovered at low DNA input amounts

•	 Improved recovery of alleles and intracolor balance in  
male/female mixtures containing high female background

•	 Improved resolution capacity for male/male mixtures

•	 Improved recovery of alleles in inhibited samples

Stay tuned for additional details at upcoming conferences and 
seminars as we approach the commercial launch later this year.

Identifiler® + VeriFiler™VeriFiler™ Direct Identifiler®Direct

http://products.invitrogen.com/ivgn/product/4477555?ICID=search-product?CID=fl-we110416
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Figure 2. In a performance study with VeriFiler™ Direct, all supported sample types show high first pass 
success rates of 96% to 100%. High first pass success rates mean full profiles are generated from an expert 
system software with no need for user data analysis.

Ordering Information

Description Quantity Part Number

VeriFiler™ Direct PCR Amplification Kit 200 tests, 25 µL/reaction volume     4479567

Direct Paternity Testing Bundle
200 tests VeriFiler™ Direct
200 tests Identifiler™ Direct
200 tests Prep-N-Go™ lysis buffer

    4480504

Figure 2

Sample Type Samples 
Tested

Mixed Profiles 
Observed

Partial Profiles 
Observed

No Profiles 
Observed

First Pass 
Success Rate 

(50 RFU)

Buccal Swab 
Lysate  
(24 Cycles)

40 0 0 0 40/40 (100%)

Blood on FTA®  
Treated Cards 
(25 Cycles)

80 0 0 0 80/80 (100%)

Buccal Swab on 
FTA® Treated Cards       
(25 Cycles)

80 0 3 0 77/80 (96.25%)

What’s New
Ion Torrent™ Semiconductor Sequencing for Forensic Applications

Next-generation sequencing (NGS) has the potential to vastly expand the capabilities of human identification laboratories, enabling 
simultaneous analysis of a wide range of forensically relevant genetic markers to aid in resolution of challenging cases. 

The Ion Personal Genome Machine® (PGM™) Sequencer is an integrated semiconductor device enabling high-throughput non-optical 
genome sequencing. It delivers the fastest run times, at the most affordable price, of any next-generation sequencer. High accuracy 
and long reads put the Ion PGM™ Sequencer in a class of its own and makes next-generation sequencing more accessible to  
scientists around the world.

 “We see the PGM and next-generation sequencing as sort of the evolution, in that, simultaneously, we can do…STRs, we can certainly 
do mitochondrial sequence analysis, and we can analyze for large numbers of single nucleotide polymorphisms. Rather than looking at 
any individual systems, be it Y-STRs, be it autosomal STRs, be it mito-sequencing, be it SNPs, we can do everything on next-generation 
sequencing platforms.” 

-Dr. Arthur Eisenberg from UNTHSC on Using the Ion Torrent PGM™ in Forensic Science, GenomeWeb, In Sequence, July 3, 2012 

Sequencing Instrument

Ion OneTouch™ Instruments
Emulsion PCR and enrichment

Instruments

Semiconductor Chip

Sequencing Chemistry

•	 Natural nucleotides
•	 Natural enzymes

Sample Prep

•	 Libraries
•	 Clonal beads

Reagents

Torrent Server

Data Analysis

The Ion Torrent™ PGM™ Instrument System

PGM™ System Overview
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Collaborations
Experts around the world have begun to utilize the PGM™ system 
for forensic research applications, and Life Technologies has 
engaged with a number of well-known collaborators to evaluate 
this exciting new technology. Several notable examples are listed 
below: 

•	 Dr. Walther Parson from the Institute of Legal Medicine in 
Innsbruck, Austria is developing applications to identify DNA 
from ancient remains (Mitochondrial DNA).

•	 Dr. Bruce Budowle from UNTHSC is analyzing samples from 
mass disaster events (SNPs).

Identity SNPs

STR Genotype Y-STR Genotype SNP Genotype mtDNA Haplotype Microbial Forensics

Lineage-informative 
SNPs

Ancestry-informative 
SNPs Phenotype SNPs

•	High Heterozygosity
•	 Low Population  

Heterogeneity

•	Haplotype Markers for 
Kinship Analysis

•	Mitochondrial genome or 
control region

•	 Y-chromosome SNPs
•	Mini haplogroups

•	High Population  
Heterogeneity

•	Hair, Eye, Skin Color

Potential Forensic Applications

What’s New
Mobile and Web Resources for Human Identification

HID SlideShare
View and download presentations and videos 
from recent HID/Forensic seminars, conferences, 
and webinars. Stay up to date on the latest 
insights, developments, and best practices for 
Human Identification.

slideshare.net/lifetech_hid

Twitter (@human_id)
Like to be connected to the latest updates on 
Human Identification? Follow us on Twitter to 
stay up to date on upcoming events, new product 
information, and interesting forensic related news. 

twitter.com/human_id

Ion Community 
Learn more about Ion Torrent™ Semiconductor 
Sequencing for Human Identification applications. 
Access the latest information on protocols, tools, and 
software components. 

Register at the Ion Community page—just click on 
Human Identification under the Applications section. 

ioncommunity.lifetechnologies.com

To learn more, visit: 

•	 Ion Community HID page (Go to Applications – Human 
Identification; Registration required):  
ioncommunity.lifetechnologies.com

•	 HID SlideShare: slideshare.net/lifetech_hid

http://www.slideshare.net/lifetech_hid
https://twitter.com/human_id
http://ioncommunity.lifetechnologies.com/welcome
http://ioncommunity.lifetechnologies.com/welcome
http://www.slideshare.net/lifetech_hid
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HID in Action
Improvement of a non-FTA® Identifiler® Plus  
Direct-Amplification Methodology With Prep-n-Go™ Buffer 

S. McWilliams, B. Gartside
Wyoming State Crime Laboratory, Cheyenne, Wyoming, USA

Abstract
The modification of a direct-amplification method using the Bode 
Buccal DNA Collector™ device and the AmpFℓSTR® Identifiler® 
Plus PCR Amplification kit chemistry through the integration of 
Applied Biosystems® Prep-n-Go™ Buffer was evaluated and found 
to improve overall profile balance and allele peak height ratio.  
The results from several challenging samples which had 
previously exhibited severe peak height imbalances were 
significantly improved by using Prep-n-Go™ Buffer. Samples were 
genotyped using an Applied Biosystems® 3500 Genetic Analyzer 
and analyzed with GeneMapper® ID-X software.

Introduction
The Wyoming State Crime Laboratory (WSCL) is a modest-
throughput laboratory, processing approximately 250 DNA cases 
and 2,000 offender samples on an annual basis. The WSCL has 
historically outsourced its convicted offender DNA samples to 
private laboratories since the inception of the Wyoming State 
DNA Database in 1997. Offender samples were collected as blood 
samples on FTA® paper until 2006, when WSCL began collecting 
samples using the Bode Buccal DNA Collector™ devices. This 
type of collector was both simpler and less expensive for law 
enforcement to utilize, and eliminated the need for sample 
washes when performing direct amplification processes.

In 2009, with funding assistance from the National Institute 
of Justice, the WSCL began in-house processing of convicted 
offender DNA samples. This allowed the laboratory a much 
better control over the processing and quality of the analysis. 
Researching the many options for processing database samples, 
we found a direct-amplification method offered a low cost per 
sample and significantly less analyst processing time. Though the 
AmpFℓSTR® Identifiler® Plus amplification kit was not originally 
designed to be used with a direct amplification protocol, the 
advantage of allowing the laboratory to standardize kit and supply 
usage across our casework and databasing laboratories was 
significant enough for us to explore. 

During initial sample processing using Bode PunchPrep™ Buffer, 
we noted a number of samples appeared degraded. Several 
of the most notable of these challenging samples repeatedly 

demonstrated near off-scale data on the small fragment-size 
loci and dropout at the larger loci. Several other samples were 
identified that exhibited severe peak height imbalance, most 
notably at the D18S51 locus. 

There are many contributing factors that may make a sample 
difficult. The Bode Buccal DNA Collector™ devices are constructed 
of untreated filter paper, and do not mitigate any possible 
inhibitors deposited during sample collection. The samples 
themselves are collected by many different agencies throughout 
the state, making the collection process variable and beyond the 
direct control of the laboratory. With the integration of Applied 
Biosystems® Prep-n-Go™ Buffer into the direct-amplification 
method used at the WSCL, inter-locus balance and first pass 
rates have significantly improved. 

Materials and methods
Sample control of the direct-amplification method validated at 
the WSCL is automated by software developed in-house. Samples 
are entered into the WSCL inventory, allowing database users 
to create batches based on a 96-well plate format. Samples are 
prioritized in the database queue by date or reanalysis status.  
An export worksheet, BSD import file, and 3500 import file  
are automatically created and provided to the user at the  
creation of the group.

Physical sample processing begins by placing 2 µL of Prep-n-Go™ 
Buffer into all wells of a 96-well plate. The plate is placed in 
the BSD Duet 600 into which 90 offender samples (one 1.2 mm 
punch each) are punched. Sample and control well positions are 
controlled by the BSD import file and barcode-labeled offender 
samples ensure that samples are placed in the correct wells. 
Because the WSCL process was originally validated with Bode 
PunchPrep™ buffer, the WSCL continues to use a 20 minute  
heat-block incubation at 70°C with the Prep-n-Go™ Buffer.  
PCR setup is based on an Identifiler® Plus direct amplification:  
A master mix consisting of 10 µL Identifiler® Plus Reaction Mix,  
5 µL Identifiler® Plus Primer Mix, and 10 µL water per well 
is created and distributed to all sample and negative control 
wells; the positive control is prepared with 10 µL 9947a, 10 µL 
reaction mix, and 5 µL primer mix. The prepared 96-well plate 
is placed into a 9700 Thermal Cycler and subjected to a 28-cycle 
amplification (95° for 11 minutes, 28 cycles of 94°C/20 seconds 
and 59°C/3 minutes, a 25 minute 60°C extension and 4°C hold). 



Figure 1. Result of direct amplification of sample with PunchPrep™ Buffer.

Figure 2. Result of direct amplification of sample with Prep-n-Go™ Buffer.

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 3. Larger-fragment loci: dark purple; intermediate-fragment loci: 
gray; small-fragment loci: light purple.
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Figure 5. Average for Life Technologies: light purple; average for Bode:  
dark purple.
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Much of the imbalance in and between loci was removed on the 
Prep-n-Go™ sample set: the peak height ratio in the D18S51 locus 
improved from a 28% peak height ratio to a 78% peak height ratio 
with at least twice the respective peak heights. The following 
figures demonstrate overall comparisons of the results of the 
two buffers with respect to peak height changes and peak height 
ratios at heterozygous loci:

Conclusion
The data indicate that the direct-amplification method results 
with Prep-n-Go™ Buffer are more balanced and exhibit generally 
higher peak heights than results obtained using PunchPrep™. Loci 
most improved by the Prep-n-Go™ buffer are the larger-fragment 
size loci, which are most susceptible to dropout and degradation 
effects [4]. Additionally, smaller fragment-size loci were not 
affected to the extent of the larger loci tested with Prep-n-Go™. 
Overall peak height ratios improved significantly, especially at the 
larger-fragment loci. Based on these results, Prep-n-Go™ Buffer 
was validated for use with the direct-amplification method utilized 
at the WSCL. Since we have modified our protocol to include the 
use of Prep-n-Go™, the first pass rate (samples not subjected 
to re-punching and re-amplification) for database samples has 
improved from approximately 78% to greater than 97%. 
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1 µL of Identifiler® Plus amplicon is added to 9 µL formamide 
master-mix (8.5 µL formamide and 0.5 µL GeneScan™ 600 LIZ® 
Size Standard) in each respective well and the plate is placed on 
the 3500 Genetic Analyzer. Sample information is imported from 
the plate setup input file and linked to the physical plate on the 
genetic analyzer. A standard injection of 8 seconds is applied 
to all wells on the plate. Modified injection durations of 15 and 
4 seconds are available to assist with low-level and off-scale 
data, respectively. Data from completed groups is analyzed with 
GeneMapper® ID-X software, technically reviewed, and uploaded 
to the Wyoming DNA Database.

The WSCL validation studies included experiments with both 
27-cycle and 28-cycle amplifications and several different 
injection times. Both a 27-cycle amplification using a 15-second 
injection time and a 28-cycle amplification with an 8-second 
injection time produced results that were reliable and 
reproducible. The 28-cycle protocol was chosen in order to 
more easily adjust conditions for smaller collector amounts of 
DNA. We also found that a longer 60°C extension time following 
the amplification cycles was necessary to facilitate satisfactory 
minus a nucleotide addition. We increased this soak time from 10 
minutes to 25 minutes. 

Prior to implementation of Prep-n-Go™ buffer in the WSCL 
database method, we found that many samples demonstrated 
possible degradation and/or dropout at the larger-fragment loci, 
especially D18S51. Samples failing on the direct-amplification 
database method were transferred to the casework process, 
which utilizes a magnetic bead extraction/purification process 
and quantitation. Samples run through the casework system 
demonstrated sufficient quantities of DNA and quality genotypes. 
Possible hypotheses for the degradation-like appearance of 
database samples included incomplete or insufficient lysis of 
buccal cells present on the collector, PCR inhibition from the 
buccal collector substrate, or PCR inhibition from an unknown 
substance present in the oral samples of some individuals. 

The original validation of the WSCL database method utilized 
Bode PunchPrep™ Buffer, using manufacturer-recommended 
conditions: A 1.2 mm Bode Buccal Collector™ punch with 2 µL 
PunchPrep™ and incubation for 20 minutes at 70°C prior to 
PCR setup. Without altering these conditions, a side-by-side 
comparison of samples was performed between the Bode 
PunchPrep™ and the Applied Biosystems® Prep-n-Go™ Buffer. 
Six of the difficult samples were punched in duplicate, adjacent 
and as near on the buccal collectors as possible: one sample set 
contained 2 µL PunchPrep™ and the other contained 2 µL  
Prep-n-Go™ Buffer. All samples on the 96-well plate were 
subjected to identical treatment in incubation, PCR setup, and 

amplification. Samples were injected for a standard 8-second 
injection and analyzed on GeneMapper® ID-X software.

Results and discussion
Samples amplified with Prep-n-Go™ Buffer demonstrated better 
overall profiles, especially when specifically comparing balance 
between smaller (D8S1179, D3S1358, D19S433, vWA and D5S818) 
and larger loci (CSF1PO, D16S539, D2S1338, D18S51 and FGA). 
The following electropherograms represent one of the samples 
amplified in duplicate:
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Introduction 
One of the latest developments in forensic DNA typing—mainly for 
high-throughput genotyping of database samples—is the application 
of direct PCR without isolating DNA from the carrier matrix.  
In Hungary, the Bode Buccal DNA Collector™ device was recently 
adopted for database sampling mainly based on economical and 
practical reasons. The cost of DNA profiling of database samples 
can be diminished significantly using direct amplification, because 
the isolation and the quantification of DNA can be avoided and the 
long-term storage of DNA samples can be solved easily without 
expanding the refrigerating capacity. The Bode Buccal DNA 
Collector™ device is designed to collect buccal cell samples from 
the inside of the cheek onto a collection paper without a transfer 
step and to help ensure long-term DNA stability when stored at 
room temperature. Since the buccal cells preserved on the collector 
paper need to be lysed prior to direct PCR, Life Technologies has 
developed the Prep-n-Go™ Buffer1 which enables optimal reaction 
chemistry for direct enzymatic amplification. 

In 2005, the European forensic community (ENFSI) recommended 
the development of new STR multiplexes to provide greater 
discrimination power and enhanced performance including newly 
introduced STRs that would extend the European Standard Set of 
loci (ESS). The extended ESS loci were formally adopted by the EU in 
2009 to enable DNA data exchange across Europe. The AmpFℓSTR® 
NGM™ kit2 coamplifies the ten SGM Plus loci plus the newly 
developed five ESS loci (D1S1656, D2S441, D10S1248, D12S391, 
D22S1045) that have been legally accepted for databasing by the 
Hungarian law enforcement.

Our laboratory provides reference person profiles for the Hungarian 
national database by processing approximately 14,000 samples 
annually. Before the adoption of the Bode Buccal DNA Collector™ 
device for reference samples, buccal swabs had been used. This 
required an initial bisecting step in the laboratory to make sure 
part of the sample was spared in case repeat testing should be 
necessary. From one third of the buccal swabs, DNA was isolated 
by a magnetic particle-based method, followed by PicoGreen® 
assay-based concentration measurement, concentration 

adjustment, and PCR in a semi-automated method using a pipetting 
robot. The recent introduction of Bode Buccal DNA Collector™ 
punches instead of swabs superseded bisection and opened the 
opportunity for the application of direct PCR and for repeated 
sample punching if necessary. The purpose of this study was 
to validate the use of the AmpFℓSTR® NGM™ kit for direct PCR 
amplification on Bode Buccal DNA Collector™ punches processed 
with the Prep-n-Go™ Buffer.

Materials and methods
Buccal samples to be used for the direct PCR validation process 
had been collected on Bode Buccal DNA Collector™ devices 
from laboratory personnel, on average 12 months prior to the 
commencement of the study. All samples were stored at room 
temperature in a dry place. Samples from 42 different individuals 
with known profiles were used during this study. Discs with a 
diameter of 1.2 mm were punched manually using the Harris 
Uni-Core® Micro-Punch™ device for Experiments 1, 2 and 4, and a 
BSD600 Duet semi-automatic punch system was used to deposit 
samples for Experiment 3. All experiments were carried out in a 
96-well PCR plate format using a robotic station (Tecan RSP 150) or 
multi-channel manual pipettes. The NGM™ kit was used to amplify 
the samples in a direct mode without any heating step for lysis 
according to the protocol provided by Life Technologies. Enzymatic 
amplification (PCR) took place in an Applied Biosystems® 9700 PCR 
instrument with gold-plated silver block. Fragment analysis of the 
amplified STR alleles was performed on an Applied Biosystems® 
3100-AVANT™ Genetic Analyzer capillary electrophoresis instrument 
that has been upgraded to an Applied Biosystems® 3130 format 
after completion of the study. Additional experimentation confirmed 
successful direct amplification performance on the upgraded 
instrument. GeneMapper® ID v.3.2.1 software was used for 
genotyping and data analysis, and statistics were calculated with 
Microsoft® Excel® Software.

Results and discussion
The first steps of the validation process followed the  
protocol provided by Life Technologies. Accordingly, optimal 
cycle number (Experiment 1), reproducibility (Experiment 2), and 
comparative performance (Experiment 3) were tested. Experiment 
2 served at the same time as an accuracy control since persons 
with known profiles were tested. In addition, the performance of 

Experiment 2:
Forty-two samples from different individuals with known profiles 
were punched from Bode Buccal DNA Collector™ devices in 
duplicates into predispensed Prep-n-Go™ Buffer in a PCR plate 
and amplified with 26 cycles. Peak height statistics of the 84 profiles 
are given in Table 2.

Peak height variance showed good reproducibility, while correctness 
of allele calls at loci overlapping between the two systems was 
confirmed by comparison to profiles typed previously with the 
AmpFℓSTR® Identifiler® kit.

Experiment 3:
For performance comparison with a traditional system based on 
DNA isolation, discs from 88 routine database samples along with 
negative and positive controls were dispensed in duplicates in two 
plates. Plate 1 contained 2 μL of another commercially available 
lysis buffer. From this plate, DNA was isolated by a semi-automated 
method using the DNA IQ™ System according to the manufacturer’s 

the system was tested after a period of freezing the samples in the 
lysis buffer in order to determine whether spatial and temporal 
dissociation of sample dispensing and amplification is possible 
(Experiment 4). During the study alleles with peaks below 20 RFU 
were considered drop-outs, because in our laboratory 20 RFU 
is used routinely as the lower threshold for analyzing reference 
samples. This value was established analyzing the background  
noise of the Applied Biosystems® 3100-AVANT™ instrument,  
which demonstrated considerable loss or miscalling of alleles  
below this threshold.

Experiment 1:
Discs from twelve control individuals and a positive control provided 
by Life Technologies were punched directly into 2 μL Prep-n-Go™ 
Buffer in 3 identical plates. A negative control and a DNA-based 
positive control were also included into each plate. After the addition 
of the NGM™ kit reaction mix, PCR was immediately performed. 
Average peak heights, the number of drop-out alleles, and pull-ups 
are shown in Table 1.

Based on the observed data and the peak morphology, PCR with 26 
cycles was chosen as giving the best performance (Figure 1).

Figure 1Table 1

Observed quality values 25 cycles 26 cycles 27 cycles

Mean RFU, allele 1 416 844 1,695

Mean RFU, allele 2 283 567 1,161

Mean RFU combined 358 722 1,460

# Drop-out at  
20 RFU threshold 1 allele

1 allele  
(same as with  

25 cycles)
None

Maximum RFU 2,720 6,359 9,448

# Pull-up None None 5  
(in 2 samples)

Table 2

Peak height (RFU) Allele 1 Allele 2 Combined

Maximum 9,744 6,011 -

Minimum 25 35 -

Mean 1,090 606 958

Variance 1,287 772 1,110

A C

B Figure 1. Profile images of a  
representative sample amplified  
with (A) 25, (B) 26, and (C) 27 cycles.
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Conclusion
The procedure previously applied in our laboratory required 
approximately 3 hours from sample identification to initiation of 
PCR per 96-well plate. With the use of this newly validated workflow 
this time is reduced to approximately 40 minutes, freeing up 
considerable time for analysts. In addition, since no sample  
transfer is involved at any stage until electrophoresis, sample 
mix-up is virtually impossible. Less handling also reduces the 
possibility of contamination.

Freezing the dispensed samples before amplification does not 
decrease the performance of the system and thus allows the spatial 
and temporal dissociation of sample dispensing and processing 
if necessary. Altogether, 97.3% of samples gave full or acceptable 
profiles, whereas 97.9% of all loci were detected.

Based on the results of the study, direct PCR amplification 
with the AmpFℓSTR® NGM™ kit of discs from Bode Buccal DNA 
Collector™ devices processed with Prep-n-Go™ Buffer is a rapid and 
easy-to-use method suitable for high-throughput CODIS-compatible 
typing of reference samples.
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Only four samples amplified with the NGM™ kit gave null profiles. 
The fact that 81 out of 84 samples showed well-balanced, 
unambiguous DNA profiles at each of the 16 loci, and that the 
traditional system with DNA isolation and Identifiler® amplification 
was successful for all 88 samples, suggest that the failure to 
amplify these samples is due to sampling or pipetting errors. The 
parameters of the resulting profiles are summarized in Table 3. 
Mean peak height values were computed excluding alleles with peak 
heights below 20 RFU, which were considered drop-outs.

Experiment 4:
Experiment 2 was reproduced after the plate with the discs 
dispensed in the Prep-n-Go™ Buffer was stored at –20°C for one 
week. Considering the laboratory’s workflow, this is the approximate 
time that should be allowed between disc dispensation and the start 
of processing. Profile parameters are summarized in Table 4. 

Comparing these data to the peak height values of the initial 
experiment (see Table 2), no significant difference is seen. Allelic 
drop-out at a 20 RFU threshold was observed in 3 samples 
compared to 4 samples in the unfrozen plate. It is concluded that 
freezing the discs dispensed in the lysis buffer for up to 7 days  
does not have an adverse effect on the performance of the  
direct PCR system.

Further experience:
Since the initial experiments, 704 additional samples in 8 batches 
have been processed with the NGM™ kit after short-time frozen 
storage. Besides average peak heights similar to those found in 
the above experiments, 14 null profiles (2.0%), 5 partial profiles 
(0.7%), and an additional 12 presumed allelic drop-outs in 5 samples 
were detected. Thus, 97.3% of the samples gave profiles suitable 
for CODIS-compatible database upload. If loci are considered 
individually in all profiles combined, 11.028 of 11.264 (97.9%) were 
detected. Investigations into the possible cause of the occurrence 
of null profiles lead to the suggestion that a careful vortex mixing at 
low speed of covered plates after the addition of the reagent mixture 
onto the discs helps ensure complete blending of the lysis buffer 
with the PCR reagent and thus might be an important action to avoid 
occasional unsuccessful typing of samples.

To check whether the upgrade of the Applied Biosystems® 
3100-AVANT™  instrument to Applied Biosystems® 3130 format 
would have influenced the peak height values, we reproduced 
Experiment 2 after completion of the study, but no considerable 
discrepancies were observed.

instructions and PCR was performed from the isolates with the 
Identifiler® kit. Plate 2 containing discs in 2 μl of Prep-n-Go™ Buffer 
was amplified using the NGM™ kit at 26 cycles. (Shortly before the 
validation study we also tested the NGM™ kit on discs from Bode 
Buccal DNA Collector™ devices that were processed using another 
commercially available lysis buffer, but a considerable number of 
allele and locus drop-out events were observed.) Representative 
profiles obtained by the two methods from the same sample are 
shown in Figure 2.

Figure 2. Profile images of a representative sample amplified with (A) 
Identifiler® kit after DNA isolation, and (B) direct NGM™ kit.

Table 3

Mean peak 
height, 
Allele 1

Mean peak 
height, 
Allele 2

Null 
profiles

Allelic 
drop-out

DNA IQ™ + 
Identifiler® 398 307 0 0

NGM™ 888 711 4
8 (in 3 samples, 

in addition to 
null profiles)

Table 4

Peak height (RFU) Allele 1 Allele 2 Combined

Maximum 8,660 5,352 -

Minimum 27 30 -

Mean 1,125 796 979

Variance 1,225 753 1,054

Figure 2

A B
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Introduction
Analysis of ancient DNA (aDNA) from a biological sample 
constitutes a methodological challenge arising from its limited 
quantity, high level of degradation, and increased likelihood of 
contamination. Additionally, bone is considered to be one of the 
most difficult materials for DNA extraction due to the presence 
of strong inhibitors such as collagen, Ca++ or humic acid (Eilert 
and Foran, 2009). Thus, reliable genotyping of ancient bone 
sample requires an efficient DNA extraction method and a very 
sensitive genotyping method. Extraction of DNA, as the first 
step in analysis of aDNA, is probably the most important step. 
It has a direct impact on the quantity and quality of DNA as 
well as levels of PCR inhibitors that are co-extracted, thereby 
influencing downstream applications. Many different protocols 
are developed for extraction of DNA from ancient biological 
samples (Shapiro and Hofreiter, 2012). These protocols are 
time-consuming and in some cases increase the possibility of 
cross-contamination. Moreover, these protocols fail to take into 
account the fact that several extractions are usually needed 
from a single bone sample. Thus a method that constitutes a 
combination of time efficiency and high yield of good-quality 
DNA is most appropriate for aDNA analysis. The PrepFiler® 
Express BTA Forensic DNA Extraction Kit is developed for DNA 
extraction from bones, teeth, and adhesive type samples (Liu 
et al., 2012). The kit is an efficient magnetic particle-based 
method, which offers several advantages for processing bone 
samples such as; short lysis time, automated protocols for 
isolation of DNA from the lysate using the Automate Express™ 
bench top system, and effective removal of inhibitors from 
DNA extracts. Semi-automation reduces the hands-on time, 
increases the throughput of samples, minimizes potential of 
human error for sample mixing, and eliminates the possibility 
of cross-contamination.

Mitochondrial DNA (mtDNA) is a preferred method for analysis 
of aDNA mainly because of the presence of numerous copies 

and the resistance to degradation compared to nuclear 
DNA. However, mtDNA markers provide only maternal 
genetic evidence and a lower power of discrimination than 
short tandem repeat (STR) markers within nuclear DNA. 
Next-generation AmpFℓSTR® PCR Amplification Kits like 
Identifiler® Plus and NGM SElect™ with high sensitivity are 
now available (Green et al., 2013; Wang et al., 2012). These 
genotyping systems enable one to obtain STR profiles from 
challenging samples. AmpFℓSTR® NGM and AmpFℓSTR® NGM 
SElect™ PCR amplification kits are widely used in Europe. 
These kits include the European Standard Set of Loci with 
a discrimination power of 2.2*10-19 and 4*10-21, respectively, 
for the Caucasian population. These amplification kits are 
designed such that smaller amplicons are generated from 
high discriminating STR loci and robust PCR buffer can 
tolerate certain levels of PCR inhibitors that may be present  
in DNA extracts. 

During our study, we compared three commercially available 
extraction methods for extraction of DNA from five ancient 
bone samples (approximately 1,000 years old). In one case 
both tooth and bone samples were available from a single 
individual. The DNA extraction kits used were QIAamp® 
DNA Micro Kit (Qiagen), Wizard® Genomic DNA Purification 
Kit (Promega), and PrepFiler® Express BTA Forensic DNA 
Extraction Kit (Life Technologies). The yield and quality of 
extracted DNA was evaluated by using the Quantifiler® Duo 
DNA Quantitation kit. The NGM SElect™ kit was used to obtain 
the highest possible amount of genetic information from our 
ancient samples. 

Materials and methods
Extraction of DNA using QIAamp® DNA Micro and PrepFiler® 
Express BTA kits was performed using 5 g or 50 mg of 
powdered bone, respectively, and following the protocol 
recommended by the respective manufacturers. For Wizard® 
Genomic DNA Purification Kit, we followed the protocol 
proposed by Nilsson et al. (2010) using a small fragment of 
bone or 50 mg of powdered bone as starting material. All 
samples were eluted in 50 µL final volume. Attempts were 
made to improve the DNA recovery in some samples by 
overnight incubation of bone samples in 40 mL of 0.5 M EDTA, 

pH 7.5 prior to lysis or further purification of DNA extract  
using the MicroKit column (Qiagen). The effect of Whole 
Genome Amplification using REPLl-g (Qiagen) on the quality  
of the STR profile was also investigated for some samples.

Quantity of human DNA and the extent of PCR inhibitors in 
DNA extracts were determined by using the Quantifiler® 
Duo DNA Quantitation kit (Life Technologies) following 
manufacturer’s guidelines. All DNA extracts, including those 
with undetectable levels of DNA, were amplified by NGM 
SElect™ PCR amplification kit following the manufacturer’s 
recommendations. In all cases, we used 10 μL of DNA extract 
for amplification and a 30-cycles PCR protocol. Amplified 
DNA was analyzed on a 3500xL Genetic Analyzer according to 
standard injection conditions (24 sec, 1.2 kV injection, 15 kV 
electrophoresis). Data were analyzed by GeneMapper® ID-X 
v1.2 software with the peak amplitude threshold of 175 RFU.

Results and discussion
Quantity of human DNA, IPC Ct value, number of alleles 
detected, and allele peak heights for all samples are 
summarized in Table 1. It is evident that the bone samples 
provided very low yield of DNA, which was expected 
considering the ancient nature (~1,000 years). It is important 
to note that most samples that provided detectable levels of 
human DNA were obtained from the PrepFiler® Express BTA 
kit with concentrations ranging from 0.4–12.3 pg/μL. Wizard® 
Genomic DNA provided DNA yield with only two samples, one 
B4 (0.42 pg/μL) and one B5 tooth (0.98 pg/μL). All samples 
extracted by QIAamp® DNA Micro Kit resulted in undetectable 
level of DNA. Only one replicate of each sample was run  
for QIAamp® DNA Micro kit since the sample requirement  
was very high.

Presence of PCR inhibitors was evaluated by the IPC Ct value 
in the quantification assay. In general, increase of IPC Ct value 
by 1 compared to the IPC Ct value of NTC is considered an 
indication of partial inhibition. Based on the results of the 
current experiment, an IPC Ct value between 30 and 31 was 
typical for uninhibited samples. All DNA extracts obtained by 
the PrepFiler® Express BTA kit exhibited complete removal 
of inhibitors; the IPC Ct value ranged between 30.18 to 30.96. 
DNA extracts generated by using the Wizard® Genomic DNA 
Purification Kit exhibited presence of PCR inhibitors at variable 
levels: complete removal of inhibitors (IPC Ct value of 30.17 
to 30.80), partial inhibition (IPC Ct value of 31.71 to 35.65), or 
strong inhibition (IPC Ct value of 39 or undetermined). Even 
post-extraction treatment with the MicroKit column did not 
remove PCR inhibitors.

A partial profile was obtained from all samples exhibiting 
detectable levels of human DNA. Allele information was most 
consistently recovered from the samples extracted with the 
PrepFiler® Express BTA kit. We were able to successfully 
amplify DNA from four out of five ancient bone samples. In 
the case of bone samples, genotype information could only 
be recovered from PrepFiler® Express BTA extracts; most 
informative profiles showed as many as 17 (B1), 28 (B2), 10 
(B4), and 24 (B5) alleles (Figure 1 and Table 1). Tooth was a 
better source of biological material compared to the bone 
sample. Both PrepFiler® Express BTA and Wizard® Genomic 
DNA Purification kits were successful in the extraction of DNA 
from tooth. Three out of five extracts from the tooth sample 
provided 26, 20, and 26 informative alleles. Independent 
extractions and amplifications from the same bone or 
tooth starting material resulted in recovery of reproducible 
alleles (Figure 1 and Table 1). We have excluded possible 
contamination of samples by the laboratory personnel. 

Ancient bone samples are precious and usually available 
in very small amounts. Therefore, a reliable extraction 
method with a sensitive PCR amplification assay is required 
to obtain as much genetic information as possible. Our 
results demonstrate superior performance of the PrepFiler® 
Express BTA Extraction Kit as compared either to Wizard® 
Genomic DNA Purification Kit or QIAamp® DNA Micro Kit for 
processing ancient bone samples. The PrepFiler® Express 
BTA kit provided higher yield of DNA, effective removal of PCR 
inhibitors, and more informative STR profiles. The PrepFiler® 
Express BTA extraction protocol, from sample to extract, is 
shortest (less than 3 hours) when compared to >25 hours 
for the other two methods investigated. Moreover, a smaller 
amount of powdered bone can be used for the PrepFiler® 
Express BTA protocol, which is a huge advantage when 
extracting DNA from ancient material. 

In conclusion, a workflow comprising extraction of DNA using 
the PrepFiler® Express BTA Kit followed by STR profiling using 
the NGM SElect™ PCR Amplification Kit is highly successful to 
profile ancient bone and tooth samples.



1. Extraction methods used: PrepFiler® Express BTA Kit (Life Technologies); QIAamp® DNA Micro Kit (Qiagen);  
Wizard® Genomic DNA Purification Kit (Promega)  

2. DNA quantity determined by human target of Quantifiler® Duo Kit (Life Technologies)  
3. Not detectable  
4. IPC Ct determined by IPC target of Quantifiler® Duo Kit (Life Technologies)  
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Table 1

Extraction Quantitation  NGM SElect™ Results

Sample Pretreatment Extraction method1
Treatment 

after 
extraction

Bone 
quantity

DNA 
Concentration 

(pg/µL)2
IPC Ct

4 Inhibition Alleles 
detected (#) RFU

B1 PrepFiler® Express BTA Kit 50 mg 0.86 30.42 - 17 200-600

B1 PrepFiler® Express BTA Kit 50 mg 1.76 30.31 - 8 150-400

B1 QIAamp® DNA Micro Kit 5 g nd3 30.44 - 0

B1 EDTA Wizard® Genomic DNA 
Purification Kit 50 mg nd undeter-

mined ++ 0

B1 Wizard® Genomic DNA 
Purification Kit 50 mg nd undeter-

mined ++ 0

B1 Wizard® Genomic DNA 
Purification Kit

a piece of 
bone nd undeter-

mined ++ 0

B1 Wizard® Genomic DNA 
Purification Kit

Purification with 
MicroKit column 
(Qiagen)

a piece of 
bone nd 33.7 + 0

B1 Wizard® Genomic DNA 
Purification Kit

Whole Genome 
Amplification

a piece of 
bone nd 30.18 - 0

B2 PrepFiler® Express 
BTA Kit 50 mg nd 30.22 - 0

B2 PrepFiler® Express 
BTA Kit 50 mg 1.64 30.4 - 19 200-250

B2 PrepFiler® Express 
BTA Kit 50 mg 0.76 30.58 - 28 400-800

B2 PrepFiler® Express 
BTA Kit 50 mg 0.69 30.45 - 2 200-300

B2 EDTA PrepFiler® Express 
BTA Kit 50 mg nd 30.96 - 0

B2 QIAamp® DNA Micro Kit 5 g nd 30.51 - 0

B2 Wizard® Genomic DNA 
Purification Kit 50 mg nd 39 ++ 0

B2 Wizard® Genomic DNA 
Purification Kit 50 mg nd 35.65 + 0

B2 Wizard® Genomic DNA 
Purification Kit

a piece of 
bone nd undeter-

mined ++ 0

B2 Wizard® Genomic DNA 
Purification Kit

Purification with 
MicroKit column 
(Qiagen)

a piece of 
bone nd undeter-

mined ++ 0

B2 Wizard® Genomic DNA 
Purification Kit

Whole Genome 
Amplification

a piece of 
bone nd 30.17 - 0

B3 PrepFiler® Express 
BTA Kit 50 mg nd 30.55 - 0

B3 PrepFiler® Express 
BTA Kit 50 mg nd 30.49 - 0

B3 PrepFiler® Express 
BTA Kit 50 mg 5.23 30.56 - 2 200

B3 PrepFiler® Express 
BTA Kit 50 mg nd 30.45 - 3 150-200

B3 EDTA QIAamp® DNA Micro Kit 5 g nd 30.5 - 0

B3 Wizard® Genomic DNA 
Purification Kit 50 mg nd 32.08 + 0

B3 Wizard® Genomic DNA 
Purification Kit 50 mg nd 34.71 + 0

B3 Wizard® Genomic DNA 
Purification Kit

a piece of 
bone nd undeter-

mined ++ 0

B3 Wizard® Genomic DNA 
Purification Kit

Purification with 
MicroKit column 
(Qiagen)

a piece of 
bone nd undeter-

mined ++ 0

B3 Wizard® Genomic DNA 
Purification Kit

Whole Genome 
Amplification

a piece of 
bone nd 30.26 - 0

Extraction Quantitation   NGM SElect™ Results

Sample Pretreatment Extraction method1
Treatment 

after 
extraction

Bone 
quantity

DNA 
Concentration 

(pg/µL)2
IPC Ct

4 Inhibition Alleles 
detected (#) RFU

B4 PrepFiler® Express 
BTA Kit 50 mg nd 30.48 - 6 200

B4 PrepFiler® Express 
BTA Kit 50 mg nd 30.67 - 0

B4 PrepFiler® Express 
BTA Kit 50 mg 0.40 30.55 - 10 200-300

B4 PrepFiler® Express 
BTA Kit 50 mg nd 30.56 - 7 200-400

B4 QIAamp® DNA Micro Kit 5 g nd 30.55 - 0

B4 EDTA Wizard® Genomic DNA 
Purification Kit 50 mg nd 33.28 + 0

B4 Wizard® Genomic DNA 
Purification Kit 50 mg nd 30.5 - 0

B4 Wizard® Genomic DNA 
Purification Kit

a piece of 
bone nd undeter-

mined ++ 0

B4 Wizard® Genomic DNA 
Purification Kit

Purification with 
MicroKit column 
(Qiagen)

a piece of 
bone 0.42 30.8 - 1

B4 Wizard ® Genomic DNA 
Purification Kit

Whole Genome 
Amplification

a piece of 
bone nd 30.39 - 0

B5 
Bone

PrepFiler® Express 
BTA Kit 50 mg 0.97 30.18 - 24 300-1,400

B5 
Bone

QIAamp® DNA Micro Kit 5 g nd 30.72 - 0

B5 
Bone

Wizard® Genomic DNA 
Purification Kit

a piece of 
bone nd undeter-

mined ++ 0

B5 
Bone

Wizard® Genomic DNA 
Purification Kit

Purification with 
MicroKit column 
(Qiagen)

a piece of 
bone nd undeter-

mined ++ 0

B5 
Bone

EDTA Wizard® Genomic DNA 
Purification Kit

Whole Genome 
Amplification

a piece of 
bone nd 30.18 - 0

B5 
Tooth

PrepFiler® Express 
BTA Kit 50 mg 12.26 30.59 - 20 300-2,500

B5 
Tooth

PrepFiler® Express 
BTA Kit 50 mg nd 30.45 - 0

B5 
Tooth

PrepFiler® Express 
BTA Kit 50 mg 9.55 30.62 - 26 400-2,000

B5 
Tooth

Wizard® Genomic DNA 
Purification Kit 50 mg nd 31.71 + 0

B5 
Tooth

Wizard® Genomic DNA 
Purification Kit 50 mg 0.98 30.4 - 26 300-2,000

Table 1 (continued)

Table 1. Summary of DNA extraction, quantification, and STR analysis.
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Figure 1. STR profiles of the DNA extracts obtained for samples B1, B2, B4, and B5 (panels A-D, respectively). 10 μL of the respective  
DNA extracts were amplified using the NGM SElect™ PCR amplification kit. The number of alleles genotyped from each sample and  
sample type is summarized in Table 1.
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HID in Action
Maximizing the Power of Forensic DNA Databases With  
Next-Generation STR Technology
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Global DNA databases expand loci sets to optimize capabilities
Nearly 18 years have passed since the United Kingdom’s 
Forensic Science Service announced it had started the world’s 
first nationwide DNA database of criminal offenders. The UK 
database program became an instant crime fighting success 
and by the turn of the millennium, the United States, Australia, 
New Zealand, and multiple countries in Western Europe  
had also moved forward with establishing national DNA 
database programs. 

Like the United Kingdom, most of these early adopters 
built their programs primarily to solve crimes within their 
own borders, using limited loci and with limited focus on 
international loci interoperability. To compound this, they 
designed their DNA databases to search relatively small 
subsets of the criminal populations, which negated the need 
for larger loci sets. 

As these countries implemented their programs, forensic 
scientists and police officials began to question why crime 
scene samples were not also being searched internationally, 
especially in those countries within the same region. Several 
studies have shown that cross-comparing international 
databases significantly increases hit rates in certain 
circumstances. However, the lack of international loci 
standards among the early adopters made international 
sharing onerous, as most of the programs were  
not compatible. 

The European Union—where criminals were able to move 
freely across borders to commit crimes—was the first 
government agency that aimed to resolve this issue. In 
2005, it passed the Prüm Treaty that eventually resulted in 
the establishment of infrastructure to support an EU wide 
network where all countries could exchange data obtained by 
law enforcement officers, including DNA. In tandem with this 
effort, the European Network of Forensic Science Institutes 
(ENFSI) group made recommendations to member countries 
to utilize an expanded set of loci for DNA testing in an effort to 
minimize adventitious matches1, 2.

As the established countries continued to expand the tools 
needed to increase the utility of their DNA databases, 

additional countries pursuing national DNA database 
programs began to emerge in other regions, such as Eastern 
Europe, Asia, Latin America, and the Middle East. Fortunately, 
these new regions applied the lessons learned from the 
Prüm Treaty implementation and included larger loci sets as 
a requirement prior to establishing their programs. In many 
of these regions, representatives from DNA laboratories 
have worked together to determine loci standardization 
recommendations to ensure they create databases that can 
share information seamlessly within their region. 

To date, 44 countries have implemented nationwide criminal 
offender DNA database programs (Figure 1). The number 
of offender samples throughout the world is now over 40 
million, and is expanding rapidly. Even with many countries 
in the world utilizing well established DNA databases, a 
significant increase of global samples is yet to come. It is 
estimated that by 2020, 75 countries will have national DNA 
database programs and many of the existing programs will 
be expanding legislative mandates to collect DNA from all 
convicted offenders and arrestees3. As these expansions 
are made, it is possible that by 2020, world-wide offender 
samples could number in the hundreds of millions.

While the second and future wave DNA database countries 
have learned from the early adopters that loci standardization 
is important, a major problem still exists. The reality is that 
there are still many different loci sets throughout the world 
that are not interoperable, and when compared to each other  
a significant rate of adventitious matches may occur4. 

Newly recommended loci standards encourage reagent 
manufacturers to develop larger, more powerful multiplexes 
to meet the expanded requirements. These new ‘global’ 
multiplexes will create loci interoperability with other 
countries and therefore significantly improve cross-border 
data sharing efforts. Furthermore, they will provide each 
country with the confidence that no matter how large  
their own databases grow, adventitious matches will be  
less of a concern.

Technology races to meet the needs of the forensic  
DNA community
The recent initiatives to expand international locus 
recommendations have crystallised the need for a new  
global multiplex system; however, the design of such a  
system, which must include all the necessary loci without 
sacrificing performance and processing capabilities, poses 
significant challenges.

Size matters
The first challenge relates to size and spacing. The new 
CODIS recommendations specify 20 ‘required’ markers and an 
additional 3 classed as ‘highly recommended’ for inclusion in a 
single multiplex. To accommodate all 23 markers utilizing the 
current maximum of 5 available dye labels without increasing 
significantly the size of some of the amplicons would be 
impossible. Technology such as mobility modifiers, which 
adjust the mobility of a locus and relocate it into a higher 
size bracket, can be useful to optimize spacing between loci; 
however, due to limitations on the number of these molecules 
which can be employed before hurting the multiplex’s 
performance, these are not a viable option for significant 
repositioning of loci within the system. 

The only way to achieve major relocation of loci with 
the restrictions imposed by a 5-dye system would be to 
redesign the primers to physically lengthen the amplicons. 
Changing the primer sequences in this way has a number of 
disadvantages, however, including a loss of concordance with 
data generated using the original primer sequences and the 
vulnerability of longer amplicons to the effects of degradation. 

An added complication that puts pressure on the 5-dye model 
comes from the desire expressed by the forensic community 
to widen the marker ranges for established loci to better 
reflect the allele distributions revealed through the extensive 
databasing efforts of recent years. Wider marker ranges, when 
supported by an increase in the number of alleles within the 
associated allelic ladder, would enhance genotyping efficiency 
with fewer alleles being designated as ‘off-ladder’.  

The solution to addressing these concerns is for the world’s 
DNA community to begin to adopt large sets of loci that are 
shared throughout the world. Most recently, the FBI formed 
the CODIS Core Loci Working Group that has published a set 
of recommendations to expand the STR loci set used in the 
United States (and many other countries) to include the world’s 
most commonly used loci (Figure 2). These recommendations 
include 20 loci that are required and 3 loci that are highly 
recommended for inclusion by kit manufacturers in a single 
next-generation multiplex5,6. 

Figure 1

Figure 1. Countries with active nationwide offender DNA database programs 
(as of August 2012). There are 44 countries worldwide, with over 40 million 
total profiles estimated to be uploaded. (Source: www.dnaresource.com)

Loci Commonly Used in Global Forensic DNA Databases

CODIS (U.S.) Europe CODIS (proposed 
expansion)

Amelogenin X X X

D18S51 X X X

FGA X X X

D21S11 X X X

D8S1179 X X X

vWA X X X

D13S317 X X

D16S539 X X X

D7S820 X X

TH01 X X X

D3S1358 X X X

D5S818 X X

CSF1PO X X

D2S1338* X X X

D19S433* X X X

D1S1656 X X

D12S391 X X

D2S441 X X

D10S1248 X X

DYS391 X

TPOX** X X

D22S1045** X X

SE33** X X

Figure 2. Loci most commonly used in global forensic DNA databases, 
including the current CODIS set in the United States, which is also used 
by many other countries, as well as the set now used most commonly 
in Europe, and the proposed expanded CODIS set. Loci marked with a 
* are not currently required in the CODIS “core loci” but are commonly 
analyzed and uploaded as part of the most widely used multiplexes, and 
are designated as “required” in the proposed expanded CODIS set. Loci 
marked with ** are “highly recommended” but not required for inclusion 
by manufacturers according to the new CODIS recommendations.

Figure 2
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However, maintaining sufficient space between adjacent 
markers to facilitate clear and unambiguous genotyping  
in the majority of cases becomes increasingly difficult  
as each range is extended.

Application demands
The second challenge revolves around developing a system 
that meets the fundamentally different needs of single-source 
and casework evidence samples. Single-source samples, 
such as those collected for DNA databasing or as casework 
reference samples, are generally of a predictable nature in that 
they are collected on standardised substrates (usually paper or 
swabs), yield high quantity and high-quality DNA, are generally 
processed close to the time of collection, and are collected 
from a single individual. Casework samples are, in contrast, 
often complex and unpredictable in nature, present on highly 
variable substrates, yield low quantity and/or low-quality DNA, 
are aged or environmentally exposed, and can contain more 
than one contributor. 

Added to this are the very different processing environments 
required for these types of samples. Single-source samples 
are generally received in higher numbers and as such, 
efficiency and amenability to automation of processing 
and analysis are important if laboratories are to maximize 
throughput while minimizing laboratory personnel 
requirements. For casework evidence samples, performance 
is paramount. The multiplex must be able to yield robust 
results for a wide range of inhibited and degraded samples. 

To address these requirements and challenges, Life 
Technologies has developed a new, expanded STR multiplex 
configuration. To overcome the issue of size and spacing, the 
introduction of a novel, 6-dye chemistry enables all 23 of the 
loci listed in the CODIS recommendations to be incorporated 
into a single multiplex configuration. The availability of an 
additional dye channel together with the strategic use of 
mobility modifiers has enabled all 23 loci to be included with 
minimal adjustment to existing primer sequences, preserving 
amplicon length and maximizing concordance with existing 
datasets as much as possible (Figure 3).

The only loci for which the core primer sequences have 
changed compared to current AmpFℓSTR® kits are TPOX 
and DYS391. In both cases, only the reverse primer has been 
re-engineered, repositioning the loci in the longer size range 
of the multiplex while minimizing any impact on concordance. 
The enlargement of the TPOX locus was considered an 
acceptable compromise given that this locus has been 
downgraded from a ‘required’ to a ‘highly recommended’ 

locus on the CODIS marker list. In addition, the relatively low 
discrimination power associated with this locus means that 
any failure to perform under degraded DNA conditions would 
have minimal impact on overall information recovery. 

The DYS391 locus is included to provide gender determination 
redundancy for Amelogenin Y-null individuals. There may 
obviously be a concern that positioning this locus in the 
longer size range may result in drop-out under degraded DNA 
conditions. To compensate for this possibility, an additional 
Y-indel locus has been included below Amelogenin to ensure 
accurate gender assignment, even for degraded samples. 

Performance on degraded samples is at the heart of the 
new multiplex design. In addition to the inclusion of the 
short Y-indel for gender identification, 10 of the 23 STR loci 
fall entirely below 220 base pairs, yielding a Probability of 
Identity (PI) of 9.2 x 10-12 (based on a US Caucasian database). 
This exceeds the power of current STR systems designed 
specifically for recovery of information from degraded samples 
and produces a single configuration that can now act as a 
frontline assault for all forensic samples, including those that 
are substantially degraded. Other miniSTR systems can then 
be employed as a recovery vehicle for the larger loci in the  
new system which may drop out in degraded samples. 

As an additional benefit, the combined use of a 6-dye system 
and mobility modifier technology has released additional 
space to enable several of the marker ranges to be extended. 

Thirty-one additional alleles have been incorporated into the 
allelic ladder while still maintaining or improving the spacing 
between the majority of the loci within the system. Additional 
virtual bins within the supporting analysis files also extend the 
number of alleles that can be genotyped automatically to 588, 
improving significantly the genotyping efficiency of the  
new system.

To provide an optimal solution for all types of forensic samples, 
the new multiplex configuration has been incorporated into 
two different chemistries each designed to be specific to a 
single application. The GlobalFiler™ Express Kit is designed for 
the fast and direct amplification of single-source samples to 
maximize throughput and efficiency. Utilizing a new,  
fast-capable enzyme, the amplification time has been  
reduced to less than 45 minutes, and the chemistry has been 
optimized to support direct amplification from treated paper, 
untreated paper, and swab substrates. When coupled with  
the most recent capillary electrophoresis instrumentation  
and an upgrade to the supporting expert system software, 
which can now handle both autosomal and haplotype  
markers simultaneously, a batch of 24 samples can be 
processed in under 2 hours. This improves significantly  
the throughput potential for single-source samples within  
the forensic laboratory. 

The 23-locus multiplex kit for casework sample processing 
by contrast is designed specifically to further improve 
performance on casework evidence samples. This chemistry 
maintains the clean baselines forensic laboratories have 
come to expect and which facilitate the analysis of casework 
samples. An enhanced buffer system delivers improved 
sensitivity, performance on inhibited samples, and optimum 
profile balance, even compared to other recently developed 
chemistries (Figure 4), without increasing the level of stutter 
which may compromise interpretation of mixed samples in 
particular. In short, this chemistry is formulated specifically to 
generate the type of results that will simplify the interpretation 
of complex casework samples including mixtures.

The design of this system has been a developmental 
challenge; however, the adoption of a large multiplex that 
utilizes a novel dye system also poses challenges for the 
individual forensic laboratory. To minimize the implementation 
burden, this system will be compatible with the majority of 
currently validated capillary electrophoresis platforms through 
a simple upgrade package. 

This expanded global multiplex in its two, application-specific 
configurations will deliver unprecedented capabilities, not  

Figure 3

Figure 3. Locus configuration of the GlobalFiler™ Kits. The colored bars 
indicate the mobility of the amplicons, while the grey boxes indicate the 
physical amplicon length before the application of mobility modifiers for 7 of 
the loci. For ease of interpretation, all three gender determination mark-
ers are located in the green dye channel. For performance on degraded 
samples, 10 STR loci reside completely below 220 base pairs.

Figure 4. Profiles generated from an organic extraction of a bone sample 
and amplified with the (A) Identifiler® Plus and (B) GlobalFiler™ Kits. 
Although both profiles are partial, the concentration of markers below 
220 base pairs in the GlobalFiler™ Kit leads to a significant improvement in 
information recovery.

Figure 4
A

B
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only in terms of discrimination, but also in terms of 
robustness, efficiency, and overall ability to recover 
information from forensic samples within the current 
forensic laboratory environment. 

The impact
Over the next two years, as the United States and other 
countries around the world begin to adopt advanced STR 
multiplexes with expanded loci sets for forensic testing, a new 
era of DNA analysis will ensue. This should enable forensic 
analysts to achieve optimal results with all types of forensic 
samples and will allow more crimes to be solved, more quickly, 
with less adventitious database hits. Ultimately, this will enable 
the global law enforcement community to maximize the use of 
DNA as a crime-fighting tool and continue to reaffirm DNA as 
the gold standard and most effective forensic tool available to 
law enforcement. 

HID in Action
Using DNA to Fight Property Crime

Joe Blozis
Retired Detective Sergeant, NYPD

DNA is a powerful law enforcement tool and is often referred 
to as the “fingerprint of the 21st century.” Less than ten years 
ago, in major cities such as New York, crime scene investigators 
recovered DNA only in high-profile violent felonies associated 
with primarily homicide and sexual assault investigations. Other 
felonies such as assaults where the victim was not likely to die, 
robberies, criminal possession of a firearm, grand larceny auto 
theft, possession of a controlled substance, and property crimes 
(including both residential and commercial burglaries) were only 
routinely forensically processed for the presence of latent and 
patent fingerprints. 

In September 2003 the New York Police Department (NYPD) 
implemented a pilot program called “Biotracks” to solve no-
suspect burglary cases, funded by the President’s DNA Initiative 
program and administered through the National Institute of 
Justice (NIJ) together with the New York State Division of Criminal 
Justice Services. The NYPD recovered the DNA evidence from 
no-suspect burglary scenes in northern Queens, vetted the cases, 
and forwarded them to selected private vendors for analysis. The 
vendors then forwarded their analytical reports to the Office of 
The Chief Medical Examiner (OCME) Biological Laboratory for 
technical review. The OCME would then upload applicable DNA 
profiles into the Combined DNA Identification System (CODIS). 
Results including matches were then forwarded to the NYPD for 
investigation. By generating DNA profiles from evidence collected 
at burglary scenes and uploading them into the local, state, and 
national DNA databases, perpetrators of no-suspect cases were 
identified and links between otherwise unrelated burglaries  
were established. 

In September 2005 the Biotracks program was expanded  
throughout New York City, and proved to be a tremendous  
success. Over 3,430 crime scenes were processed, in which 6,391 
items of DNA-related evidence were recovered. As of April 2008, 
when the program concluded and stopped tracking statistics, 
1,558 CODIS-eligible profiles had been generated, resulting in 692 
case-to-offender matches to 548 offenders, and these statistics 
are expected to dramatically increase over time. The vast majority 
of offenders pled guilty and received lengthy incarceration. The 
program revealed that many of the offenders were recidivists 
whose arrest records indicated that the crime of burglary was a 
common denominator and that burglary was a stepping stone to 

more serious crime. The Biotracks program became a model for 
how all crime scenes are now processed. 

Today, the NYPD forensically investigates all applicable crime 
scenes (including those of homicides, sexual assaults, robberies, 
property crimes, gun possession, and auto theft) and submits 
recovered DNA evidence to the OCME’s Biological Laboratory on a 
daily basis. New York City’s crime rate remains at record lows. 

The proven success of programs like Biotracks in New York City 
and other jurisdictions have helped make the case to expand the 
regular use of DNA in crime scene processing; however, many law 
enforcement agencies continue to face significant implementation 
challenges. Regrettably, costs are still a major concern. From 
an analytical perspective, most governmental forensic DNA 
laboratories are limited in how much casework they can accept. 
They are tremendously understaffed and lack adequate work and 
storage space. Some have as few as one or two forensic scientists 
to analyze hundreds of cases. Agencies also face issues such as 
proper evidence collection training and the proper complement of 
detective investigators for immediate follow-up and arrest. There 
are judicial and correctional facility concerns as well, including 
the need for additional prosecutors and defenders, correctional 
personnel, and adequate housing for those convicted. 

Indeed, the need for additional resources can seem daunting; 
however, the cost of inaction is much greater, sacrificing the 
safety of law-abiding citizens and the long-term savings that 
can result from an overall reduction in crime. It is important that 
community officials avoid short-term tunnel vision on costs and 
instead embrace a longer-term vision for potential savings. It has 
been shown that DNA analysis not only solves crimes but reduces 
future crime. For example, the city of Denver, Colorado, which was 
part of the NIJ’s 2008 Urban Institute Report [1], and Palm Bay, 
Florida, have proven that the use of DNA in property crimes  
results in significant crime reduction that ultimately saves 
millions in taxpayer dollars.

Making the most of DNA – A practical guide to crime  
scene processing
Crime scene processing normally begins with the initial 911 call. 
It is then followed by the first responder’s actions at the crime 
scene. First responders must be cognizant of their own safety 
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upon arriving to the scene, and should be fully trained to quickly 
assess and evaluate what actions must be taken. Initial actions 
may be to confront a suspect, render aid to a victim, search for a 
suspect, interview a complainant, determine who are witnesses, 
and make provisions to separate them. First responders should 
also be prepared to request additional assistance, determine if 
there are multiple crime scenes, make command notifications, 
take copious notes, prepare detailed reports, and safeguard/
preserve the scene. All of this must be done in an expeditious 
manner while maintaining the integrity of the scene. 

Preserved scenes must keep unauthorized persons out including 
police personnel. After the crime scene has been established the 
only official personnel that are permitted into the crime scene are 
crime scene detectives, medical personnel, medical examiners, 
district attorneys, detective supervisor, and assigned detectives. 
A safeguarding officer should maintain a log of all responding 
officers who were at the scene including those who had left. 
DNA elimination samples of those who were at the scene are as 
important as the unknown DNA samples recovered.

Personal protective equipment
Crime scene investigators must don Personal Protective 
Equipment, a.k.a. “PPE”, prior to initial entry and throughout the 
entire processing of the scene.

PPE is essential to prevent contamination, and consists of a full 
Tyvek suit including a hood, booties, face mask, and gloves. 

(Some law enforcement agencies do not use full body protection, 
but at a minimum gloves and a mask are a must.) DNA evidence 
becomes contaminated when DNA from another source is mixed 
in with DNA relevant to the case. There are also serious health 
and safety concerns associated with touching biological evidence. 
For these reasons, crime scene investigators and laboratory 
personnel should always wear PPE, use clean instruments, and 
avoid touching other objects (including their own bodies) when 
handling evidence or the items used to collect the evidence. To 
prevent contamination of the samples, it is imperative that crime 
scene investigators change their disposable gloves between each  
sample collection.

Establish a forensic tactical plan
Crime scene investigators must establish a forensic tactical 
plan on how to approach, evaluate, and process the scene. 
It is recommended that they confer with first responders, 
investigators, and victims. They should establish a singular 
entry and exit path and perform a scene walk-through. At  
this time they should determine a sequence for forensic 
evidence collection.

Crime scene documentation
Documentation of the crime scene will consist of photographs, 
notes, sketching, and measurements.

•	 Photograph the item in place, showing how it looked  
before collection.

•	 Take written notes, describing the condition of the evidence, 
what was collected, and how it was collected.

•	 Take measurements, showing the location of the evidence and 
its position relative to other objects.

•	 Sketch the location of the evidence in the crime scene sketch.

DNA evidence supplies
Having the proper supplies on the scene, and the knowledge to 
use them, is critical to the collection of usable DNA samples. 
A crime scene investigator’s tool kit should include basic 
and necessary supplies to recover DNA evidence from crime 
scenes. The supplies that are normally used for processing 
and recovering DNA samples include:

•	 Sterile applicators (swabs) on which to collect samples

•	 Hydration - Used to moisten the swab

•	 Distilled water is good

•	 Sterile water is better

Figure 1. Swab Structure: traditional fiber-wound swabs have an  
absorbent core that entraps the specimen, while flocked swabs release 
the sample more quickly.

Cotton Swab Flocked Swab

6 m microfiber2 km microfiber

Sample stays
entrapped in 
the fiber wand

Sample is 
released
quickly and in
higher amounts

Figure 1
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each DNA sample is recovered. In addition, it is much easier 
and safer to swab a sample than to scrape a sample and 
possibly cut yourself. Confer with the laboratory personnel  
and establish a protocol to determine which collection  
method is preferred. 

Submitting the entire substrate to the laboratory can often 
be advantageous. In the event that the DNA results are 
inconclusive or the quantity is insufficient for a full DNA profile, 
the evidence is easily accessible for re-processing. Processing 
a substrate at the crime scene eliminates the opportunity for 
a second analysis. When it is not practical to submit the entire 
substrate, a swatch can be cut and submitted instead. 

Clothing should not be processed at the crime scene, 
but rather documented, packaged, and submitted to the 
laboratory. Clothing must be examined for stains, hair, skin 
cells, etc., and a laboratory environment is much more 
appropriate for a complex examination than a crime scene.

Fingerprints and touch DNA
Touch DNA exists where a suspect has touched a surface 
at the crime scene, possibly leaving a fingerprint as well 
as DNA. Therefore, before the scene can be processed, it 
must be decided whether the scene will be processed for 
DNA, fingerprints, or both. Areas that are smooth, hard, 
and nonporous should be processed for fingerprints. Areas 
that have irregular surfaces should be processed for DNA. 
Before swabbing an area for DNA, make sure the area is not 
conducive for fingerprints, since you may be swabbing through 
a latent fingerprint. 

When evaluating a fingerprint, use a magnifying glass to 
determine if there is a sufficient amount of ridge detail to 
recover the print. When there is an insufficient amount of 
ridge detail or the fingerprint is clearly a smudge, consider 
processing it for DNA. It is also possible to recover DNA from 
areas that have already been processed for fingerprints by 
swabbing the area after the fingerprint was lifted. However, 
be mindful of contamination issues concerning the fingerprint 
brush. A fingerprint brush that has been used at other crime 
scenes has the potential of containing DNA from those scenes 
and being transferred to surfaces at the present crime scene. 

Substrates such as drinking glasses can be processed for 
both DNA and fingerprints. First process the rim area for 
DNA, then process the entire glass for fingerprints. Other 
small substrates that have minute surface areas should be 
processed for DNA.

Probative and non-probative evidence
Evidence collectors are not garbage collectors, and the 
crime laboratory should not be treated as a garbage dump. 
Garbage in leads to garbage out. Evidence collectors must be 
thoroughly trained to process a scene and distinguish between 
probative evidence and non-probative evidence. 

Probative evidence is evidence recovered from a crime scene 
that would provide the case investigator probable cause to 
make an arrest. It is evidence that would prove or disprove an 
alleged fact relevant to the investigation.

Non-probative evidence is evidence recovered from a crime 
scene that would not provide the case investigator probable 
cause to make an arrest. However, it may provide an 
investigatory lead, or at a later date, prove significant to  
the investigation.

Crime scene investigators must be trained in the recognition 
and collection of probative evidence as the first priority, and the 
ability to differentiate probative from non-probative evidence. 
This is essential to prevent crime laboratories from becoming 
overburdened with non-probative evidence.

Types of DNA samples 
There are three categories of DNA samples: 

A. Crime scene samples are the unknown forensic DNA 
samples that are recovered at crime scenes. An evidence 
collector recovers the sample but (as with fingerprints)  
does not know who deposited the sample. Crime scene 
samples are profiled and compared to suspect profiles or 
searched in the DNA database against other crime scene 
samples and offenders. 

B. Elimination samples are samples from individuals such 
as victims or victims’ family members who had prior legal 
access to the crime scene. Elimination samples should also 
include samples from evidence collectors and laboratory 
personnel. Elimination samples are also referred to as 
known samples, reference samples, or buccal swabs.  
Buccal swabs are elimination samples that are obtained  
by swabbing the interior of an individual’s mouth. They  
are used for comparison purposes during DNA analysis  
to eliminate known DNA profiles from those recovered  
from the crime scene. 

C. Abandoned samples are DNA samples that are abandoned 
in a public area by an individual known to law enforcement. 
It could be as simple as an individual discarding a cigarette 
butt in a public domain. 
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•	 Phosphate saline solution is the best

•	 Plastic pipettes are used for transferring the distilled water  
to the swabs

There are many types of swabs that can be used effectively, 
including those with traditional cotton fiber tips as well as 
foam and flocked substrates. Flocked swabs such as the 
4N6FLOQswabs™ (Copan) offer notable advantages, mainly 
due to their design with short perpendicular nylon microfibers 
that act like a soft brush to facilitate improved collection 
of cellular material. Unlike traditional fiber-wound swabs, 
4N6FLOQSwabs™ have no internal absorbent core to disperse 
and entrap the specimen; therefore, the sample stays close to 
the surface for faster and more efficient laboratory processing. 

Swabbing techniques for touch DNA

•	 Don personal protective equipment

•	 Withdraw distilled water from vial with a sterile plastic pipette

•	 Remove sterile swab from a sealed container

•	 Use each swab only once

•	 Place one drop of distilled water on the side of the swab tip

 —Avoid saturating the swab

 —Avoid dipping the swab into the distilled water

•	 Swab the area

 —Rotate the swab so the entire surface of the swab is used

 —Avoid reusing areas of swab if possible (may re-deposit 
samples onto substrate) 

 —Maximize swab coverage

 —  One swab for every 15 square centimeters of  
surface area 

 —Use additional swabs as necessary

 —Label the swabs accordingly

 —Swabbing irregular grainy surface

 —Swab with grain

 — Swab back and forth – rotate the swab surface to  
ensure same area is not reused

•	 Re-swab area with a dry sterile swab

•	 Air-dry the swabs

•	 Place the swabs into the same paper enclosure

Collection from stains and other biological sources

•	 Collect the stain using the moistened portion of the swab

 —Proper swab saturation

 —Small amount of water

 —Swabs dry quickly

 —Samples are concentrated

 —Improper swab saturation

 —Too much water

 —Swabs dry slowly

 —Sample is diluted

•	 Use multiple swabs if necessary to collect the entire stain

•	 Re-swab area with a dry sterile swab

•	 Air-dry all swabs

•	 Place all swabs into the same paper enclosure

•	 Biological evidence such as skin tissue, bone fragments, teeth, 
and nails have a high likelihood of yielding a full DNA profile. 
These items must be packaged in paper or cardboard and sent 
to the laboratory for DNA profiling, not processed in the field.

•	 Prior to recovering a blood sample from glass or other 
substrates, use a magnifying glass to examine the blood for 
the presence of ridge detail. Ridge detail in blood indicates a 
patent fingerprint that must be processed accordingly. If at all 
possible, collect the entire substrate that the bloody patent 
print is on, package it, and forward the entire item to the 
laboratory. If the substrate cannot be packaged and sent to the 
laboratory, photograph the print thoroughly with a scale. Then 
proceed with the swabbing process.

Swabbing is not the only way to collect evidence for DNA 
analysis. Additional DNA collection methods include:

•	 Scraping dried biological evidence

•	 Cutting a swatch from the substrate that contains  
the unknown stain

•	 Submitting the entire substrate to the laboratory

Dried biological samples on substrates other than clothing can 
be scraped with a sterile scalpel and collected. The scrapings 
are then placed in filter paper, folded, and inserted into a paper 
envelope. Scalpel blades must be sterilized or replaced after 
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Product Updates
GeneMapper® ID-X Software v1.4 Is Now Available

We are pleased to announce GeneMapper® ID-X Software v1.4  
is now available. As the newest version of automated genotyping 
software for forensic casework, databasing, and paternity  
data analysis, GeneMapper® ID-X Software v1.4 includes the 
following features:

•	 Expanded Fragment and Mixture Analysis Functionality  
to analyze 4-, 5-, and 6-dye data from GlobalFiler™ and  
GlobalFiler™ Express PCR Amplification Kits and all  
on-market AmpFℓSTR® Kits—includes comprehensive  
panel, bins, table-setting and plot-setting files.

•	 New Expert System and Y marker functionality introduced to 
facilitate the analysis and interpretation of samples generated 
using the GlobalFiler™ STR Amplification Kit.

•	 Enhanced Spike Detection Switch to enable or disable 
automatic spike detection in samples and controls. 
(expanding allelic ladder spike detection switch introduced  
in v1.1).

•	 Validated for the analysis of GlobalFiler™, GlobalFiler™ Express, 
and all on-market AmpFℓSTR® PCR data collected from the 
Applied Biosystems® 3130 Series Genetic Analyzers, the 
3730 DNA Analyzer (Data Collection Software v3.0, 3.1.1 and 
4), and 3500 Series Genetic Analyzers (Data Collection v1 
and 2). Concordance studies were also performed between 
GeneMapper® ID-X Software v1.4 and v1.3.

•	 Windows® 7 and XP compatibility 

Background
GeneMapper® ID-X Software is an automated genotyping 
software solution for all human identification data analysis 
needs, including forensic casework, databasing, and  
paternity testing. The software offers a comprehensive 
quality value system that can be optimized and validated 
for use on both expert system and traditional data analysis 
workflows. The software supports genotyping applications on 
the Applied Biosystems® 3500, 3500xL, 3100/3100-AVANT ™, 
3130, 3130xl, 3730, and 310 instruments and is a crucial  
component of Applied Biosystems® electrophoresis-based 
genotyping systems.

Ordering Information
GeneMapper® ID-X Software v1.4 can be ordered using the  
following Part Numbers:

Upgrade to GeneMapper® ID-X Software v1.4
Users can upgrade from any existing version of GeneMapper® ID-X 
Software to GeneMapper® ID-X Software v1.4.

System requirements
The minimum supported computer hardware and system 
requirements for GeneMapper® ID-X Software v1.4 (standalone 
configuration with Full and Client versions) include:

•	 Core 2 Duo 2.2 GHz or compatible processor

•	 2 GB RAM

•	 200 MB on the boot drive

•	 10 GB available on install drive for full install; 450 MB available 
on install drive available for client install

•	 DVD-ROM drive

•	 10/100 NIC with RWU (internal) or above installed

•	 TCP/IP installed

For general information regarding the ID-X Software, please visit 
lifetechnologies.com/idx

Transporting and storing DNA evidence
DNA evidence should be transported to the laboratory as 
soon as possible. Once the processing of the crime scene 
has concluded, place all of the sealed individual packages of 
DNA evidence into one carrying box or bag. Make sure that all 
of the evidence is accounted for. Place the box into a vehicle 
and transport the evidence to the laboratory without delay. 
Keep the evidence cool and dry. Transport liquid samples in 
refrigerated or insulated containers.

Extended exposure to heat or humidity causes degradation of 
biological evidence. To reduce this threat, move the packaged 
items from the crime scene to a suitable storage facility as 
soon as possible. Degradation is the breaking down of DNA 
into smaller fragments by chemical or physical processes. 
Degradation of DNA may limit its use as evidence. Factors  
that promote DNA degradation include: 

•	 Ultraviolet rays (prolonged exposure)

•	 Heat, humidity, and moisture

•	 Bacteria and fungi (often found in foliage and soil)

•	 Acids or chemical cleaning solutions (such as bleach)

Actions such as storing evidence in vehicle trunks, vans,  
office desks, direct sunlight, frost-free refrigerators, and 
non-temperature/humidity-controlled facilities subject  
the biological evidence to increased heat, humidity 
fluctuations, and ultraviolet rays—all factors that can 
accelerate degradation.

If someone other than the investigator is transporting 
the evidence, chain of custody must be transferred. It is 
transferred again when the evidence reaches the laboratory.

The storage of DNA evidence is the last link in the chain of 
custody. Whether DNA evidence is stored in the laboratory 
or in a storage facility, certain conditions must be adhered 
to in order to prevent degradation. DNA evidence should be 
stored in a spacious, cool, and dry environment. Although it is 
preferred, most DNA evidence does not require refrigeration 
and may be stored at ambient room temperature or cooler. 

About the author 
Joseph Blozis is a retired NYPD Detective Sergeant who served 
the City of New York for 29 years, including 22 years in the 
NYPD’s Forensic Investigations Division’s Crime Scene Unit 
and Police Crime Laboratory. He is presently a contracted 
consultant providing services for federal agencies and global 
DNA companies. He is an instructor, lecturer, and subject 
matter expert who has developed training curricula for the 
Department of State’s Antiterrorism Assistance Program for 
Terror Related Crime Scene Investigations and is the lead 
instructor for the International Association of Chiefs of  
Police Comprehensive Crime Scene Course. He can be  
reached at csu2033@aol.com.
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Product Name  Part Number

GeneMapper® ID-X  v1.4, Full License 4479707

GeneMapper® ID-X  v1.4, Client License 4479711

GeneMapper® ID-X  v1.4, 5 License Kit 4479708

GeneMapper® ID-X  v1.4, 10 License Kit 4479709

GeneMapper® ID-X  v1.4, Full Upgrade Kit 4479715

GeneMapper® ID-X  v1.4, Client Upgrade Kit 4479710

GeneMapper® ID-X  v1.4, 60 Day Demo 4479716

http://marketing.appliedbiosystems.com/mk/get/GENEMAPPER_IDX_MLANDING?isource=fr_AB_SSR_IDX_0807?CID=fl-we110354-1


Forensic News 2013

39 40

Product Updates
Windows® 7 Compatible Versions of 3130/3730/3500 Data 
Collection Software Are Now Available

We are pleased to announce that the Windows® 7 compatible 
3130/3130xl/3730 Data Collection v4 and 3500 Data Collection v2 
Upgrade Packages are now available. As the newest version of 
Data Collection software for fragment and sequencing analysis 
applications, the 3130/3130xl/3730 Data Collection v4 and 3500 
Data Collection v2 software include the following new features:

3500 Data Collection v2

•	 Windows® 7 Professional SP1 compatibility

•	 New PC (Dell® Optiplex® XE – 4GB RAM, 500 GB RAID Disk)

•	 Modern Licensing Technology utilizing online  
software registration

•	 Data migration from Data Collection v1 to v2

•	 Expanded RFID functionality to deliver warnings for expiring 
consumables (for HID/RUO version only)

•	 GeneMapper® Software Compatibility: .hid sample files 
generated by the 3500 Data Collection Software v2 can be 
viewed and analyzed with GeneMapper® ID-X v1.2 and later

3130/3130xl/3730 Data Collection v4

•	 Windows® 7 Professional SP1 compatibility

•	 New PC (Dell® Optiplex® XE – 4 GB RAM, 500 GB RAID Disk)

•	 Modern Licensing Technology utilizing online software 
registration

•	 Data migration from Data Collection v3.0 or v3.1 to Data 
Collection v4

•	 Increased multiplexing capability enabling 6-dye DNA  
fragment analysis*

•	 Updated Sapphire pump wizard settings (CCB)

•	 BigDye® Direct mobility files

•	 GeneMapper® Software Compatibility: .fsa sample files 
generated by this software can be viewed with all versions of 
GeneMapper® ID-X or GeneMapper® ID Software

Background
With its user-friendly navigation and intuitive dashboard design, 
the 3500 Data Collection Software integrates instrument control, 
data collection, consumable/maintenance quality control, and size 
calling into a single piece of software, streamlining functions such 
as instrument setup, plate setup, data collection, and preliminary 
data review. Supporting the newest Genetic Analysis platform, the 
3500 Data Collection Software allows the user to assess and make 
decisions about the quality of data as they are produced on the 
instrument. By providing immediate access to size-called data, 
scientists can now make decisions about the quality of data as it 
is generated, without first transferring output files into secondary 
analysis software packages (GeneMapper® ID-X v1.2 and later). 
Additionally, the system offers preconfigured protocols and  
plate templates to support rapid and efficient fragment and 
sequencing run setup. 

The 3130/3130xl and 3730 Data Collection Software is utilized 
to set up and control the instrument and collect raw fluorescent 
data for a wide variety of fragment analysis and sequencing 
applications for low-to medium-throughput laboratories. 
The software collects information about the dyes’ emission 
(fluorescence) spectra and processes the raw data as fragment 
size, base sequence, or relative concentration for use by 
GeneMapper® ID-X or GeneMapper® ID Software. The 3130 Series 
Genetic Analyzers are available only as refurbished units.

Ordering Information
Please contact your local Sales Representative.

*A separate 6-dye Module (3130/3730 DC v4 6-Dye MODULE v1) is required to run and 
analyze 6-dye data (GlobalFiler™ STR Amplification Kit) on the 3130/3730 Genetic Analyzers 

Product Updates
Shift Your Workflow Into High Gear With  
Implementation Starter Packages

HID Professional Services enable forensic laboratories to overcome critical implementation challenges through a collaborative 
partnership with Life Technologies.

Get online faster with customizable starter packages designed according to your laboratory’s unique needs. Options include:

•	 Robotic automation optimization, extraction, quantification/normalization, STR kits (including 6-Dye/GlobalFiler™ Kit implementation 
on current or new CE platforms), 3500 Genetic Analyzer Series, and more

•	 Verifications, performance checks, validations, and relocation services

•	 Comprehensive training and support from dedicated validation specialist and service engineers

Collaborate with our team of forensic implementation and validation experts to optimize your workflow—while maximizing 
performance and quality. 

Contact your local Account Manager for more information. 

SHIFT YOUR WORKFLOW INTO HIGH GEAR
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Product Updates
Implementing Life Technologies  
Products in Human Identification  
Laboratories 

Thank you for choosing Life Technologies as your partner in 
Human Identification analysis in your laboratory. We look forward 
to making your transition to new HID instruments, chemistry, and 
software as seamless as possible. This update will clarify our role 
in helping you implement new technologies in your laboratory. 

During the development of products for forensic DNA analysis, 
Life Technologies performed developmental validation  
and/or verification studies. We published the results of these 
studies in our User Manuals and Technical Bulletins and 
also in peer-reviewed journal articles so that laboratories or 
agencies can reference these results and conduct their own 
appropriate internal studies. However, it is the responsibility of 
each laboratory to design and/or perform its own analysis and 
appropriate internal validation studies to ensure that the products 
and services it obtains from Life Technologies satisfy, or will 
satisfy, the applicable guidelines used by the forensic community 
and are fit for the laboratory’s human identification applications. 

Life Technologies is dedicated to the development, manufacture, 
and support of high-quality applications and reagents that meet 
or exceed our customers’ expectations. If you should have further 
concerns or questions regarding this matter, please do not 
hesitate to contact Life Technologies through your  
regional contact.

In June 2012, we made some key improvements to our supply 
chain and quality as part of our ongoing efforts to provide the 
highest-quality forensic DNA typing products. We have now 
completed this manufacturing transition improvement and the 
following minor modifications have been updated as of January 
2013 to the AmpFℓSTR® Profiler®, Profiler® Plus, Profiler® Plus 
ID, COfiler®, SGM Plus®, Identifiler®, Yfiler®, and MiniFiler™ Kits:

•	 AmpliTaq Gold® enzyme manufacturing will transition from 
Roche to Life Technologies

•	 10X PCR Buffer II (Tris-KCl buffer) manufacturing will transition 
from Roche to Life Technologies

Manufacturing of both components by Life Technologies was 
conducted according to the same specifications used previously  
by Roche.

The AmpFℓSTR® Identifiler® Direct Kit also benefited from 
the transition of the 10X PCR Buffer II manufacturing to Life 
Technologies. This kit was already originally developed using the 
AmpliTaq Gold® enzyme manufactured by Life Technologies. 

We made one further improvement to future kit batches 
containing the enzyme and 10X PCR Buffer II manufactured by 
Life Technologies. The first batches of updated kits utilized the 
same yellow cap color for both the enzyme and the 0.1 ng/µL 007 
control DNA tubes. To avoid any confusion between these two 
components and provide consistency with current kits containing 
Roche components, we will be utilizing a gold cap for the  
enzyme tube. 

The decision to transition these raw materials to in-house 
manufacturing was taken as part of an effort to improve 
control over our raw materials supply, produce the highest 
quality components, and help meet the supply demands of our 
customers. Both the AmpliTaq Gold® enzyme and 10X PCR 
Buffer II manufactured by Life Technologies are established 
raw materials currently used in the AmpFℓSTR® NGM™, NGM 
SElect™ and Identifiler® Plus Kits. The performance of these 
updated kit versions was established through extensive internal 
developmental validation studies published in the respective 
AmpFℓSTR® Kit User Guides. These updated kit versions have 

been designed to deliver the same high levels of performance 
already demonstrated by the current kits. We have conducted 
internal developmental validation studies to compare the 
performance of the kits manufactured with in-house materials 
to kits manufactured previously, and these studies have 
demonstrated no substantive difference in performance. 

If you have questions or concerns or would like further 
information, please contact your local Human Identification 
Support or Sales Representative.

Product Updates
Update—Manufacturing Transition for Two Raw Materials in 
the AmpFℓSTR® PCR Amplification Kit Product Line

Prior to the release of more modern thermal cycling systems, HID  
customers used thermal cyclers such as the PerkinElmer/Cetus 
Model 480 DNA Thermal Cycler and the PerkinElmer GeneAmp® 
9600 Thermal Cycler. These models were replaced by the Applied 
Biosystems® GeneAmp® PCR System 9700, which is still the 
primary thermal cyler used in HID laboratories around the 
world. The next generation of thermal cyclers available to HID 
customers is the Veriti® Thermal Cycler. It features powerful 
innovations for precise control of your PCR optimization, 
including a color touch-screen and intuitive interface, plus 
VeriFlex™ Blocks—six independent temperature blocks—for 
increased flexibility and precision. The easy-to-use touch-screen 
provides a simple yet powerful user interface accelerating both 
instrument setup and use. The optional VeritiLink® Remote 
Management Software allows email updates on cycler status. 
The Veriti® Thermal Cycler is available in multiple formats. 

In addition, Life Technologies performed developmental 
validation experiments in accordance with the DNA Advisory 
Board (DAB) Quality Assurance Standards (October 1,1998) and 
guidelines from the Scientific Working Group on DNA Analysis 
Methods (SWGDAM, July 10, 2003) to evaluate the performance 
of the AmpFℓSTR® PCR Amplification Kits on this instrument 
model. Life Technologies has validated the instrument-reagent 
system for use in Human Identification testing for databasing, 
casework, and paternity applications. Our new generation of STR 
products such as the GlobalFiler™ and GlobalFiler™ Express Kits, 
two new DNA kits that will revolutionize how crime labs perform 
forensic testing around the world, were developed on the  
Veriti® Thermal Cycler.

Learn more about the Veriti® Thermal Cycler at  
lifetechnologies.com/veriti

Product Updates
Veriti® Thermal Cycler for  
HID Testing

https://www.invitrogen.com/site/us/en/home/Products-and-Services/Applications/PCR/thermal-cyclers-realtime-instruments/thermal-cyclers/veriti-thermal-cycler.html?CID=fl-veriti
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Technical Focus
Direct PCR Amplification of Buccal Samples on the  
NUCLEIC-CARD™ COLOR With the AmpFℓSTR® Identifiler® 
Direct PCR Amplification Kit 

Alessandro Agostino1, Annalisa Gervasoni2, Alice Squassina2,  
Jill Muehling1

1Life Technologies Corporation  
2Copan

•	 The Copan NUCLEIC-CARD™ COLOR system is designed for 
collection and preservation of single-source buccal samples 
used in forensics. 

•	 NUCLEIC-CARD™ COLOR is available as a stand-alone 
collection card that can be used with 4N6FLOQSwabs™, or in a 
convenient Collection Device with the 4N6FLOQSwabs™ Lollipop 
Swab prepackaged with the card.

•	 The use of Copan NUCLEIC-CARD™ COLOR with 
4N6FLOQSwabs™ for buccal sample collection generates 
high-quality genotypes when amplified with the AmpFℓSTR® 
Identifiler® Direct PCR Amplification kit.

Introduction
In forensic investigations, buccal swab samples are some of the 
most challenging samples to process in terms of reproducibility 
and success rate when DNA is amplified for STR profiling in direct 
mode (i.e., without sample extraction and quantification).  
High-throughput laboratories are seeking a solution to help 
reduce the cost and increase the first pass success rate of buccal 
samples, in order to lower the backlog and make the reference 
profiling of these samples more reliable and efficient.

Copan NUCLEIC-CARD™ COLOR is an indicating sample collection 
system that has been specifically designed to facilitate processing 
of colorless samples while maintaining the standard features 
of NUCLEIC-CARD™ in terms of cell lysing capability, long term 
DNA integrity, and preservation. NUCLEIC-CARD™ COLOR can 
be used in conjunction with the 4N6FLOQSwabs™ Regular size 
tip (Figure 1) or is combined with a 4N6FLOQSwabs™ Lollipop 
Swab and packaged as the NUCLEIC-CARD™ Collection Device 
(Figure 2). The NUCLEIC-CARD™ COLOR changes from a pink 
background to white when buccal samples are deposited onto the 
card. The change in background allows visualization of where the 
sample was deposited making it easier for manual and automated 
punching and increasing the probability of getting full STR 
profiles. NUCLEIC-CARD™ COLOR combined with the  

AmpFℓSTR® Identifiler® Direct PCR Amplification kit or other  
Life Technologies direct amplification kits represents a reliable 
and cost-effective solution to process single-source buccal 
samples for forensic applications. 

Experiments and results
Materials and methods
Studies were designed to compare the NUCLEIC-CARD™ 
Collection Device, the NUCLEIC-CARD™ COLOR, and the 
EasiCollect™ device (Whatman) with foam swab and Indicating 
FTA® card (Whatman). Buccal samples were collected based 
on each of the manufacturer’s recommendation and air dried 
for one hour prior to storing at room temperature. With the 
exception of the samples used in the stability study, samples 
were stored for three days prior to processing. 1.2 mm punches 
were collected and amplified with the AmpFℓSTR® Identifiler® 
Direct PCR Amplification Kit using the recommended protocol. 
PCR was performed on the Veriti® PCR Thermal Cycler, capillary 
electrophoresis was performed on an Applied Biosystems® 
3130 Genetic Analyzer, and the analysis was performed with 
GeneMapper® ID-X v1.3. Analysis was conducted using thresholds 
of 50 and 150 RFU, and data were evaluated for First Pass Success 
Rate (full profile obtained from one amplification and one CE 
injection), Mean Peak Height, Intracolor Balance, and Intralocus 
Balance. A detailed description of the experiments performed  
and the purpose of the data assessment for that experiment  
is outlined in Table 1.

Figure 1 & 2

Figure 1. NUCLEIC-CARD™ COLOR 
and 4N6FLOQSwabs™ Regular  
size tip.

Figure 2. NUCLEIC-CARD™ 
Collection Device. 
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   Analysis at 50 RFU    Analysis at 150 RFU

Substrate:      Number of 
 Full Profile

  First Pass 
  Success 

 Rate

  Number of 
  Full Profiles

  First Pass 
 Success 

 Rate

Indicating FTA® CARDS 38 37/38 97.4% 36/38 94.7%

NUCLEIC-CARD™ COLOR 
with 4N6FLOQSwabs™ 

Regular
90 90/90 100.0% 87/90 96.7%

NUCLEIC-CARD™ 
Collection Device 

60 59/60 98.3% 58/60 96.7%

Figure 3 Figure 4

Table 3

Figure 3. Peak height comparison of the NUCLEIC-CARD™ Collection 
Device, NUCLEIC-CARD™ COLOR and Indicating FTA® Cards generated in 
the Performance evaluation. 

Figure 4. Intra-color balance of the NUCLEIC-CARD™ Collection Device, 
NUCLEIC-CARD™ COLOR and Indicating FTA® Cards obtained in the 
Performance evaluation. 

NUCLEIC-CARD™ COLOR and 36/38 samples on Indicating FTA® 
CARDS produced full profiles at a threshold of 150 RFU (Table 
3) Average peak heights were higher for the NUCLEIC-CARD™ 
Collection Device as compared to the NUCLEIC-CARD™ COLOR 
and 4N6FLOQSwabs™ Regular size tip and the EasiCollect™ device 
with Indicating FTA® paper. No differences were observed when 
the samples were collected with the NUCLEIC-CARD™ COLOR 
and 4N6FLOQSwabs™ Regular size tip and the EasiCollect™ device 
(Figure 3). Intra-color balance results were comparable between 
the three sample collection methods (Figure 4). No differences 
were observed in the intra-locus alleles (NUCLEIC-CARD™ COLOR 
Collection Device PHR = 0.912±0.085; NUCLEIC-CARD™ COLOR, 
0.905±0.087; FTA® EasiCollect™ 0.907±0.070).

Inhibition study
40 μL of PBS was spotted onto 4 different NUCLEIC-CARD™ 
COLOR and 4 different Indicating FTA® cards. 1.2 mm punches 
were taken in different areas of the card and amplified with 4 ng 
of 9947A to assess the possibility of inhibition from the indicating 
dye (Figure 5). In the area where the strongest concentration of 
dye is seen (Area 2), some inhibition was seen with both card 
types, while more allele dropout was seen with the Indicating 
FTA® cards. No differences were observed between the 
NUCLEIC-CARD™ COLOR and the Indicating FTA® cards  
in Areas 1 and 3.

Results
Sensitivity study
When amplified for 27 cycles and analyzed with a 50 RFU 
threshold, the 4N6FLOQSwabs™ samples used with  
NUCLEIC-CARD™ COLOR produced full profiles with 3 
observations of off-scale alleles, while 29/30 buccal swab samples 
on Indicating FTA® CARDS produced full profiles with 11 off-scale 
alleles seen. When analyzed at a peak amplitude threshold of 
150 RFU, both NUCLEIC-CARD™ COLOR and Indicating FTA® 
CARDS had 29/30 samples produce full profiles. No reproducible 
artifacts or peaks indicative of contamination were observed 
for any of the two card types tested. 27 cycles was selected as 
the optimum cycle number, as it produced an excellent first 
pass success rate while minimizing null or partial profiles when 

  Study Type Sample Type/Substrate Data Assessment

  Sensitivity
30 saliva donors on Indicating FTA® with EasiCollect™

30 saliva donors on NUCLEIC-CARD™ COLOR 
26 and 27 cycles tested to  
evaluate optimum cycle number for subsequent experiments

  Performance

38 saliva donors on Indicating FTA® with EasiCollect™ 

30 saliva donors x3 on NUCLEIC-CARD™ COLOR with  
4N6FLOQSwabs™ Regular

30 saliva donors x2 on NUCLEIC-CARD™ Collection Device 

Performance comparison of Indicating FTA® and the 
NUCLEIC-CARD™ COLOR with both types of 4N6FLOQSwabs™

  Inhibition
4x Indicating FTA® with PBS + 4 ng 9947 Control DNA

4x NUCLEIC-CARD™ COLOR with PBS + 4 ng 9947 Control DNA

Comparison of possible inhibition due to indicating dye 
and other reagents by punching various locations on the 
Indicating FTA® and the NUCLEIC-CARD™ COLOR

 Stability

2 lots NUCLEIC-CARD™ COLOR x 3 saliva donors x 4 temperatures (4°C, 
22°C, 30°C, 55°C) x 5 time points (0, 2, and 6 months and simulated 24 
and 72 months)

2 lots NUCLEIC-CARD™ COLOR with donor sample deposited after each 
x 4 temperatures (4°C, 22°C, 30°C, 55°C) x 5 time points (0, 2, and 6 
months and simulated 24 and 72 months)

Evaluation of performance of samples deposited onto 
NUCLEIC-CARD™ COLOR and then aged

Table 1

  Analysis at 50 RFU  Analysis at 150 RFU Observations

 Substrate: PCR 
cycles

  Number 
  of Full 
  Profile

 First 
 Pass 

 Success 
 Rate

Number 
of Full 

Profiles

First 
Pass 

Success 
Rate

Number of 
Homozygote 

Off-Scale 
Alleles

 Indicating FTA®  
CARDS 

26 30 29/30 96.7% 28/30 93.3% 4

 NUCLEIC-CARD™ 
COLOR

26 30 28/30 93.3% 26/30 86.7% 1

 Indicating FTA® 
CARDS 

27 30 29/30 96.7% 29/30 96.7% 11

 NUCLEIC-CARD™ 
COLOR

27 30 30/30 100.0% 29/30 96.7% 3

Table 2

compared to 26 cycle protocol. Accordingly, all samples in the 
subsequent experiments were amplified for 27 cycles. Results are 
summarized in Table 2.

Performance study
A total of 188 buccal samples were tested: 60 samples collected 
with the NUCLEIC-CARD™ Collection Device, 90 samples obtained 
with NUCLEIC-CARD™ COLOR and 4N6FLOQSwabs™ Regular 
size tip, and 38 buccal samples spotted in FTA® CARDS with 
the EasiCollect™ device. 149/150 samples on NUCLEIC-CARD™ 
COLOR and 37/38 samples on Indicating FTA® CARDS produced 
full profiles at a threshold of 50 RFU, while 145/150 samples on 

N 
samples

N 
samples
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Figure 7

Figure 6

Figure 6. Peak height after long term storage of the NUCLEIC-CARD™ 
COLOR.

Figure 7. Intra-color balance after long term storage of the NUCLEIC-
CARD™ COLOR.

Conclusions
In this comparative study, buccal samples collected from 
different donors, using the NUCLEIC-CARD™ Collection Device 
and the NUCLEIC-CARD™ COLOR with the 4N6FLOQSwabs™ 

Regular size tip and amplified with the AmpFℓSTR® Identifiler® 
Direct PCR Amplification kit generated full and high-quality 
profiles. The NUCLEIC-CARD™ COLOR products consistently 
produced peak heights and intra-color balance that were 
comparable or sometimes higher than those generated from 
samples collected with the EasiCollect™ device using Indicating 
FTA® cards. Stability tests demonstrated the robustness of 
the NUCLEIC-CARD™ COLOR showing lysing and good profile 
generating capabilities across time and temperatures. Together 
with Copan 4N6FLOQSwabs™, the NUCLEIC-CARD™ COLOR 
and the AmpFℓSTR® Identifiler® Direct PCR Amplification kit 
demonstrated to be a consistent and successful processing tool 
for direct profiling of buccal cell samples.
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Stability study
Samples from 3 different donors were deposited onto 2  
different lots of NUCLEIC-CARD™ COLOR and stored for  
2 to 6 months away from direct light exposure. Based on  
broadly-accepted accelerated stability protocols, incubation  
for 2 and 6 months at 55°C correspond to a real aging of 
approximately 24 and 72 months.

Differences were seen with the average peak heights between 
samples and the different length of time in storage that was 
assumed to be normal variation seen in buccal samples for 
different donors (Figure 6). Even after simulated storage at 72 
months, full profiles with no artifacts were generated for all 
cards processed. No differences were observed in terms of ICB 
in all the stability scenarios (Figure 7). Real time stability studies 
are ongoing to confirm the results obtained with the accelerated 
aging conditions.

Figure 5

Figure 5. Area 1, 2, and 3 after spotting PBS on a NUCLEIC-CARD™ COLOR 
(left) and on indicating FTA® card (right).
Peak height comparison between NUCLEIC CARD™ COLOR and indicating 
FTA® cards after amplification with AmpFℓSTR® Identifiler® Direct. 

Area 1, NUCLEIC-CARD™ COLOR 

Area 2, NUCLEIC-CARD™ COLOR 

Area 1, from Indicating FTA® card

Area 2, from Indicating FTA® card

Area 3, NUCLEIC-CARD™ COLOR Area 3, from Indicating FTA® card
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Technical Focus
Evaluation of Ambient Shipping Conditions for CE Buffers on 
Genetic Analyzers in an HID Laboratory

Introduction
Life Technologies has been systematically evaluating novel  
ways to minimize the environmental impact of shipping 
refrigerated and frozen products. One way to achieve this is 
to ship our products at temperatures consistent with their 
demonstrated stability.

The adverse environmental impact of shipping refrigerated 
products is tremendous. The annual carbon footprint to 
manufacture the expanded polystyrene (EPS) and convert it into 
coolers used to ship Life Technologies CE running buffers is 
approximately 40 metric tons (CO2-equivalents). It takes more 
than 80 barrels of crude oil equivalents and 230 MW-hr of power 
annually to make these coolers. Additionally, 26,500 L of water are 
consumed in the manufacturing of the coolers.

An average of 18 pounds of gel packs are added to each cooler 
to ensure the product is delivered refrigerated to our customers, 
further increasing the mass and dimensions of each package. 
Factoring in the number of shipments, average distance traveled 
per package each year, and the fact that most packages are 
shipped via air, an additional 3,500 metric tons (CO2-equivalents) 
of greenhouse gases are generated from the transport of the 
coolers. By combining the elimination of the coolers and reduction 
in carbon footprint attributed to transporting the added weight of 
the gel packs, we reduce the annual total carbon footprint from 
product delivery by over 3,500 metric tons.

By systematically evaluating the temperature tolerance of our 
products, we have found that many can be shipped at ambient 
conditions without any impact on performance or stability. By 
eliminating the need for a cooler and refrigerant, products can 
be shipped in smaller boxes, improving the carrier’s freight 
density (less fuel and lower emissions per box) while reducing 
consumption of raw materials to make the packaging. This 
enables Life Technologies to eliminate an annual total of nearly  
9 metric tons (28,000 ft3) of waste from our customers’ landfills 
and incinerators and replace it with recyclable corrugated  
paper packaging.

To this end, Life Technologies evaluated the possibility of ambient 
shipping conditions for the products in Table 1.

Test Information
Multiple tests were performed at Life Technologies including 
shipping studies and monitoring of pH and conductivity, as well 
as multiple functional tests. This testing included specific testing 
on HID products. Details of the tests performed are available for 
download at lifetechnologies.com/ambientbuffers

As an example of a functional test, below is a close-up view of 
capillary electrophoresis results demonstrating no detectable 
effect from buffers stored at elevated temperatures.

Summary and Conclusions
The data generated at Life Technologies demonstrate that 
ambient shipping of our CE running buffers has no effect on 
their quality, integrity, or functional performance. The results 
of analytical and functional performance testing showed that 
the samples were not impacted when shipped under simulated 
summer ambient shipping for 288 hours. 

For both of the 10x running buffers for the Genetic Analyzer 
series, analytical tests showed no statistical difference in the 
chemical nature of the buffers when subjected to simulated 
ambient shipping.

The data clearly show that it is not necessary to ship CE running 
buffer reagents in coolers with frozen gel packs. Because we can 
replace these packaging materials, we will be shipping these 
products in fully recyclable corrugated containers. However, 
when orders are placed with products that must be shipped 
refrigerated, we may place the CE running buffer into the  
cooler—this prevents having to ship a second container, avoiding 
additional material waste and greenhouse gas emissions.

Table 1

Figure 1

Description Cat. No.

Anode Buffer Container (ABC) 3500 Series 4393927

Cathode Buffer Container (CBC) 3500 Series 4408256
10X Genetic Analysis Buffer with EDTA, for  
Applied Biosystems® 310, 3100, and 3130  
Genetic Analyzer

402824

10X Genetic Analysis Buffer with EDTA, for  
Applied Biosystems® 3730 Genetic Analyzer

4335613

Table 1. Capillary Electrophoresis (CE) Products in Scope and Available for 
Ambient Shipping.

Figure 1. Close-up view of large fragments (~315-344 bp) of overlay data 
for 007 1 ng samples (62 replicates) Test 1 (4˚C ABC, 37˚C CBC).

Technical Focus
Definition of D19S433 in Life 
Technologies HID STR Products

Some customers have noted discrepancies in the nomenclature 
used for D19S433 allele designation when using Life Technologies 
HID STR kits when compared to other references such as the 
Short Tandem Repeat DNA Internet DataBase (http://www.cstl.
nist.gov/strbase/str_D19S433.htm). We would like to clarify  
the nomenclature used for D19S433 in Life Technologies HID  
STR products.

The diagram below displays the alternate nomenclature 
designations for D19S433. Option A illustrates the nomenclature 
indicated on the Short Tandem Repeat DNA Internet DataBase 
which provides an allele designation of 13; Option B illustrates 
the nomenclature used in Life Technologies HID STR kits 
which provides an allele designation of 11. The repeat number 
designation for Option B begins with the AAGG at the third position 
in the total repeat structure. AAGG is the predominant repeat 
sequence for this tetranucleotide short tandem repeat marker.

Please be aware that you may encounter references that elect to 
use the nomenclature that incorporates the first two repeats  
(shown as Option A above). 

The AmpFℓSTR® Identifiler® Plus PCR Amplification Kit is 
representative of most of our HID STR kits in that the D19S433 
allelic ladder begins with allele 9 (using nomenclature Option 
B shown above) and extends to allele 17.2. However, the allelic 
ladder in the GlobalFiler™ Kits was expanded to include an allele 
range of 6-19.2 which will help alleviate the possibility of calling 
rare microvariants as “OL” or Off-Ladder.

Example of D19S433 Nomenclature Options

Option A 1 2 3 4 5

[AAGG] [AAAG] (AAGG) (TAGG) (AAGG)9

Option B 1 2 3

http://find.lifetechnologies.com/ce/ambientbuffers/email?CID=fl-we18868

