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a b s t r a c t

Body fluids detected on commonly found crime scene substrates require extraction, purification and
quantitation of DNA prior to amplification and generation of short tandem repeat (STR) DNA profiles. In
this research Y-STR profiles were generated via direct amplification of blood and saliva deposited on 12
different substrates. These included cigarette butts, straws, grass, leaves, woodchips and seven different
types of fabric. After depositing either 0.1 mL of blood or 0.5 mL of saliva, each substrate containing the dry
body fluid stain was punched using a Harris 1.2 mm micro-punch. Each of these punched substrates, a
total of 720 samples, containing minute amount of blood or saliva was either amplified directly without
any pre-treatment, or was treated with one of the four washing reagents or buffer. In each of these five
experimental groups the substrates containing the body fluid remained in the amplification reagent
during the thermal cycling process. Each sample was amplified with the three direct Y-STR amplification
kits; AmpF[STR® Yfiler® Direct, Yfiler® Plus Amplification Kits and the PowerPlex® Y23 System.

Complete and concordant Y-STR profiles were successfully obtained from most of these 12 challenging
crime scene objects when the stains were analyzed by at least one of the five experimental groups. The
reagents and buffer were interchangeable among the three amplification kits, however, pre-treatment
with these solutions did not appear to enhance the quality or the number of the full profiles gener-
ated with direct amplification. This study demonstrates that blood and saliva deposited on these
simulated crime scene objects can be amplified directly.

© 2016 Elsevier Ltd and Faculty of Forensic and Legal Medicine. All rights reserved.

1. Introduction

Crimes involving sexual violence where a higher quantity of
female DNA is present within a sample can cause difficulties for
analysts.1,2 In these cases, as well as in cases where DNA from
multiple males may be present, a Y-STR haplotype can be useful. Y-
STRs are also useful in paternity, missing person cases. Comparisons
can bemade to a person of interest when using Y-STR, however, it is
not possible to exclude anyone from the paternal lineage of the
donor of the sample.

Currently, there are several commercially available amplifica-
tion kits available for the detection of Y-STR alleles. Two of these
kits are the AmpF[STR® Yfiler® Direct Amplification Kit (Life Tech-
nologies, Foster City, CA, USA) and PowerPlex® Y23 System
(Promega Corporation, Madison, WI, USA). The Yfiler® Direct
Amplification Kit contains the European minimal haplotypes, the

loci recommended by the Scientific Working Group on DNA Anal-
ysis Methods (SWGDAM), and six highly polymorphic loci.3 It
should be noted that among the three kits employed in this study,
the Yfiler® Direct kit contains the primers for detection of least
number of loci. The PowerPlex® Y23 System has all of the loci
present in the Yfiler® Direct Amplification Kit as well as six other
loci. Two of these six new loci are rapidly mutating, a phenomenon
which can help increase male lineage differentiation. Another more
recently available Y-STR amplification kit is the Yfiler Plus® Kit (Life
Technologies, Foster City, CA, USA). This kit has a total of 27 loci
including those in the PowerPlex® Y23 System except for two of the
loci, namely, DYS549 and DYS643. It also has seven rapidly
mutating loci.4 These three amplification kits are designed for
direct amplification of body fluids and are used mainly for refer-
ence samples that are deposited on substrates similar to Fast
Technology for Analysis® (FTA). These substrates contain lysing
agents and are capable of preserving the biological samples over a
long period of time.5 However, substrates collected at crime scenes
do not contain lysing agents and may contain a variety of inhibitors
depending on the material.
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Previous research has shown that it is possible to obtain com-
plete autosomal STR DNA profiles by direct amplification of body
fluids deposited on substrates which do not contain any lysing
agent or do not undergo any pre-treatment.5 Additional studies
have also shown that minute quantities of body fluids deposited on
substrates which may or may not contain lysing agents after a pre-
treatment step can generate complete and concordant autosomal
STR DNA profiles using reduced reaction volume. In this project,
buffer and reagents were used to pre-treat the substrates which did
not contain lysing agents.6 Composition of these reagents and
buffer as well as the master mixes in the amplification kits is pro-
prietary information. The manufacturers of the amplification kits
recommend pre-treatment of the body fluids to ensure lysis of the
cells and release of DNA prior to amplification. The buffer employed
in this research was formulated to cause lysis of the cells without
additional heating or extended incubation steps, at the same time
generating quality STR profile by direct amplification.7 Two of three
washing reagents required heating and incubation steps and one
requires washing steps only.8e10 Most of pre-treatment with these
reagents or the buffer is not specifically designed to overcome in-
hibitors. According to the manufacturer, one of the four reagents
removes inhibitors, elutes and purifies DNA.

Body fluids such as blood and saliva are commonly found at
crime scenes on a variety of different objects, some of which may
contain potential inhibitors.11,12 The goals and objectives of this
research were to determine the following; (i) if minute amounts of
body fluid stains deposited on simulated crime scene substrates,
which may contain inhibitors, can be amplified directly for gener-
ation of concordant and consistent Y-STR profiles when the sub-
strates remained in the amplification reagents during the thermal
cycling steps, (ii) the efficacy of pre-treatment with four reagents
and buffer as well as their ability to interchange among the three Y-
STR amplification kits with direct amplification methodologies, (iii)
if the primers in the three Y-STR kits generate the same quality of
profiles when amplifying blood and saliva stains deposited on 12
simulated crime scene substrates.

2. Materials and methods

2.1. Substrates commonly encountered at crime scenes

A total of 12 substrates, as shown in Fig. 1, were used in this
study to simulate crime scene samples. Some of these substrates
were chosen since they are often submitted to forensic laboratories
as clothing items. These included cotton, cotton-polyester blend
fabric of different colors, denim jeans, leather, and carpet fibers.
Two of the other five substrates, cigarette butts and drinking
straws, are commonly collected from indoor and outdoor crime
scenes. The last three substrates, woodchips, grass, and leaves are
frequently encountered at outdoor crime scenes. None of these
items were sterilized prior to deposition of the body fluids. These
objects do not contain any lysing agents such as used in the
commercially available devices used for reference sample collec-
tions. The 12 substrates chosen for this research may contain po-
tential inhibitors, and thus, direct amplification of body fluids while
the substrates remained in the reagent during the amplification
process was considered to be challenging.

2.2. Body fluid sample collection

All samples were given a code number and anonymized. Saliva
samples were collected from two living male donors in sterile
centrifuge tubes and centrifuged for 5 min to minimize viscosity.
The viscous layer was discarded. These two samples were desig-
nated as S1 and S2 and used for 14 months after collection. Blood

samples were collected from two deceased male donors in tubes
containing anticoagulation agent EDTA, a preservative and
chelating agent known to prevent DNA degradation. The blood
samples were collected three years prior to starting this research
and were coded as B1 and B2. All samples were kept frozen until
needed for each deposition. Informed consent was obtained from
the saliva donors and all samples were collected in accordancewith
ethical standards as approved by the Institutional Review Board
(IRB) and the Institutional Biosafety Committee (IBC) at the authors'
institution.

2.3. Y-STR typing protocols for reference samples

Prior to depositing the body fluid samples, each sample was
thawed and vortexed to ensure all cells were thoroughly mixed and
tominimize variation between pipetting. In order to generate Y-STR
profiles from the blood and saliva samples, each body fluid (0.1 mL
of blood and 0.5 mL of saliva) was deposited on each of the 12
substrates shown in Fig. 1. The amount of each body fluid used in
this research was derived from studies conducted earlier.6 The
substrates containing the body fluid stains were left to dry at room
temperature for 1 h. A 1.2 mm punch of each substrate containing
either blood or saliva was obtained using a Harris Micro-Punch®

method as described previously.5,6 The exception to the punching
mechanism was the woodchip as it was too thick to punch. To
combat this problem, shavings of the woodchips were taken with a
scalpel prior to deposition of the body fluids. Blood and saliva were
deposited on an approximately 1.2 mm size shaving of the
woodchip.

A preliminary study was conducted to determine if profiles
could be obtained from these substrates using the standardmethod
of extraction and quantification prior to amplification. In this
experiment, each punched substrate was subjected to extraction
and purification using the EZ1 DNA Investigator kit and the Bio-
Robot EZ1 Workstation (Qiagen, Hilden, Germany) following the
protocol described earlier and the recommendation of the manu-
facturer of the kit.13,14 The extracted DNA was quantified using the
Quantifiler® Human DNA Quantification kit (Life Technologies) and
the 7500 real time PCR® System (Applied Biosystems, Foster City,
California, USA) following the recommended protocol.15 An
appropriate amount of DNA, as recommended by the manufac-
turers of each kit was amplified using the three Y-STR amplification
kits listed below.

2.4. Y-STR amplification kits

This research included three amplification kits that are designed
for direct amplification. AmpF[STR® Yfiler® Direct, Yfiler Plus®, and
PowerPlex® Y23 System amplification kits were used for direct
amplification of the blood and saliva samples deposited on the 12
simulated crime scene substrates. Experiments were performed to
obtain the reference profiles from the blood and saliva samples
using the recommended reaction volumes of 25 mL. Once it was
determined that reduced reaction volumes using 12.5 mL yielded
complete and consistent profiles, all amplification reactions,
including the DNA extracted by BioRobot EZ1 Workstation, were
performed in 12.5 mL reaction volumes.

2.5. Pre-treatment of substrates with buffer and reagents

The four solutions for pre-treatment of the substrates were the
following; Prep-n-Go™ Buffer (Life Technologies), PunchSolution™
(Promega Corporation), ECS Reagent™ (Fitzco, Inc., Spring Park,
MN, USA), and SwabSolution™ (Promega Corporation). The four
groups of experiments using these four solutions for pre-treatment
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