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Abstract

Federal funding made available by the National Institute of Justice (NIJ) through the
DNA Initiative helped states and local governments significantly increase the capacity of their
DNA laboratories between 2005 and 2008 ;. At the same time, the demand for DNA testing
continues to rise, thus outweighing the capacity of some crime laboratories to process the
increased number of samples being received. The demand is coming from two primary sources:
(1) the increased amount of DNA evidence that is collected in criminal cases and (2) the

expanded effort to collect DNA samples from convicted felons and arrested persons ;.

All states and the federal government have laws that require collecting DNA from
convicted offenders [;;. The federal government also requires collecting DNA from arrestees, a
trend rapidly growing in many states. With nearly every state pursuing legislative expansion of
their Combined DNA Index System (CODIS) databases, the need to implement the most efficient
DNA testing methods possible is paramount. In addition, with the current economic situation
affecting most every state, it is equally imperative to develop a cost effective means of
performing DNA analysis on these samples. The Oklahoma State Bureau of Investigation (OSBI)

has proposed a research study that will provide a solution to both of these needs.

The objective of this research project was 1) to implement a new DNA buccal collection
kit that is universal in use, provides a higher success rate on the first analysis attempt, all at a
significant reduction in cost, and 2) develop a technique to process buccal swabs using the
Identifiler® Direct amplification kit. This kit eliminates the need for the extraction step in the

DNA analysis process, but is specifically designed for use on FTA® cards.

For objective 1, the OSBI researched the advantages and disadvantages of several types
of DNA collection kits. From this, a new buccal collection kit was developed that combines the
best qualities of several different collection kits into one. This “All-In-One™” DNA collection kit
is simple to use, provides reliable results, all at an affordable cost. The simplicity of the kit

design allows for any law enforcement agency to properly collect known reference DNA
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samples without any transfer steps or drying steps required. This direct DNA collection method
helps to ensure that sufficient DNA is present, allowing the laboratory to obtain a full DNA
profile on the first analysis attempt, thus reducing the time and cost of unnecessary re-testing.
In addition, the cost of the buccal collection kit is a fraction of the cost of most kits currently
used by CODIS laboratories. OSBI is currently seeking opportunities to make this new buccal

collection kit available to CODIS, forensic, and paternity testing laboratories.

For objective 2, the OSBI tested many different techniques that would allow for the
direct amplification of buccal swabs. These techniques involved taking an entire swab head,
lysing in various reagents, and using an aliquot of the liquid lysate for amplification. Some
techniques tested worked well, others did not. However, it was demonstrated that direct
amplification of buccal swabs is possible, thus eliminating the time and cost associated with the

extraction step of the DNA analysis process.

By implementing these improvements, any forensic laboratory, regardless of size, can
increase their current efficiency so they are better prepared to handle an increase in sample
submissions without creating a backlog. This will ensure the CODIS database is utilized to its full
potential, helping to solve past crimes as well as preventing future crimes to the highest extent

possible.
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Executive Summary

OSBI Laboratory

Established in 1925, the Oklahoma State Bureau of Investigation (OSBI) is the general
investigative agency of the State of Oklahoma. Serving a population in excess of 3.6 million
citizens, the OSBI provides service and support of law enforcement throughout the state. The
OSBI is composed of five separate divisions, including Investigative Services, Criminalistics

Services, Informational Services, Administrative Services, and Information Technology Services.

The Criminalistics Service Division offers services in forensic biology (serology and DNA),
trace evidence, marijuana/drug identification, toxicology, firearms/toolmarks, latent prints,
shoe and tire impressions, and technical crime scene processing. The Division also maintains
the Combined DNA Index System (CODIS), an automated firearms identification system (IBIS),
an automated fingerprint identification system (AFIS), and an automated paint identification

database called Paint Data Query (PDQ).

OSBI maintains one full service forensic laboratory, and four regional forensic
laboratories that provide specific services. Each of these five facilities is accredited under the
ASCLD/LAB Program, following the requirements of the FBI's Quality Assurance Standards for

both forensic and database testing laboratories.

OSBI’s CODIS Unit

The OSBI’s Combined DNA Index System (CODIS) Unit has witnessed firsthand what a
powerful tool the CODIS database is. Although small compared to some states, the Oklahoma
CODIS database contains ~105,000 DNA profiles, producing over 940 hits in its 15 year history.
These investigative leads have helped solve homicides, rapes, and other violent and non-violent

crimes.
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The initial Oklahoma database law only allowed DNA samples to be collected from
persons convicted of certain violent felony crimes. Subsequent years brought legislative
expansion of the database, eventually leading to DNA samples being collected for all felony
convictions, certain misdemeanor convictions, and upon arrest for illegal immigrants. Each
legislative expansion brought additional DNA samples to the laboratory for analysis, but
typically, no additional funding was provided for the increased amount of DNA testing. This has
caused the OSBI to rely heavily on NIJ and other federal grants to provide the means to collect

and process these offender samples.

While it has proven extremely difficult to obtain state funding for CODIS, there can be
no argument about the success obtained with each expansion of the database. After burglary
was added as a qualifying offense, the number of hits doubled. After the expansion to all felony
convictions, the number of hits obtained doubled again. In addition, the OSBI has seen
firsthand that many of the “less violent” offenders often hit to unsolved violent crimes.
Roughly a third of all hits obtained from an offender collected following a burglary conviction
have solved more violent offenses such as homicide, rape, and robbery. With this information
at hand, the OSBI does not want the cost of DNA testing to become a reason for legislators to

stop pursuing their database expansion efforts.

In order to meet the mission of the OSBI, the goal of the CODIS Unit is to ensure that
offender DNA profiles are entered into the database within 30 days of receiving the sample.
However, based on past experience, the CODIS Unit realizes that to consistently meet this goal,
the Unit must be prepared to respond to increases in sample submission with little or no
increase in instrumentation, staff, and funding. In order to accomplish this, the CODIS Unit has
re-evaluated nearly every step in the analysis process searching for the most cost efficient
methods that can be implemented. This evaluation has led to many bottlenecks being
identified, many of which have already been addressed, including 1) implementing a web based

LIMS system that allows law enforcement agencies to log offender information into the LIMS
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system once the samples are received at the laboratory, 2) validating the use of a reduced
volume of the amplification reagent, thus allowing two times as many samples to be analyzed
per amplification kit, 3) validating more robust equipment designed for higher through put, and
4) purchasing expert system software that will be used to analyze data from offender database

samples, thus reducing the amount of time it takes for technical review.

Other State CODIS Laboratories

In 2008, OSBI conducted a poll of all 50 State CODIS Laboratories inquiring about the
type of procedures they had in place to process offender samples, if their laboratory had a
backlog, and if they anticipated future expansion in their database laws. Nearly half of the
states responded which provided the necessary insight into other state facilities. Nearly half of
the responding states indicated they had a backlog (ranging anywhere from ~1,000 to as many
as ~30,000 samples). For some facilities, this led to turn-around times as high as 1 year from
the time the offender sample was collected until the DNA profile was entered into the CODIS
database. When asked why, many states indicated it was partially because of inefficiencies in
their current collection and analysis procedures. Nearly half of these state facilities also
indicated that an expansion in their state database law would cause a backlog of samples to
occur if they were not provided the necessary funding and additional personnel. Since
expanding database laws is a growing trend across the forensic community, laboratories should
not solely look at purchasing more equipment and hiring more analysts, but rather, they should
re-evaluate their current procedures being used in an effort to eliminate inefficiencies. With
decreases in economic funding, and an increase in sample submissions, a cheaper means of

providing high quality DNA results is critical.

Research Proposal

The OSBI has identified two key opportunities for improvement: 1) implementing a new

DNA collection kit that is universal in use, provides a higher success rate on the first analysis
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attempt, all at a significant reduction in cost, and 2) eliminating the need for the extraction
phase of the DNA analysis process, thus greatly increasing throughput and significantly reducing
the cost of analysis. By implementing these combined improvements, laboratories will be
prepared to handle an increased number of samples with the passing of database expansion
laws. In addition, this will help ensure the CODIS database is utilized to its full potential and

that future crimes are prevented to the highest extent possible.

Improvement 1: Implement a New DNA Collection Kit

Most states rely on law enforcement officials at correctional facilities, sheriff’s offices,
and/or municipal police agencies to collect DNA samples. Whether being used as a known
reference sample in a criminal case or for entry into the CODIS DNA database, proper collection
of these samples is imperative in order to provide a good DNA profile. ~ DNA collection kits
come in all shapes and sizes, each with their own advantages and disadvantages. Among the
most popular kits used by state laboratories include blood vials, Whatman® FTA® cards, and the

BODE™ Buccal DNA Collector .

Blood Samples

Blood provides an excellent source of DNA, but requires a specialized medical staff to
collect the samples. This is not always feasible or even possible for all collection facilities. In
addition, unless the blood sample is spotted onto another material (such as cotton cloth) and
allowed to air dry, the blood vials must be refrigerated, requiring a specialized storage location
until the sample is tested. With more states expanding their laws to include collection of DNA
from arrested individuals, all law enforcement agencies need to have the ability to collect a
DNA sample, making blood samples a highly impractical means of collection. However, the cost

advantages of a blood collection kit far outweigh some of the other DNA collection kits.
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Buccal Samples

For most forensic and paternity testing laboratories, buccal samples are rapidly
becoming the specimen of choice when collecting known reference DNA samples. Buccal
samples are collected by swabbing the inside of the person’s mouth, thus removing epithelial
cells from the inside of the cheek. These cells provide an excellent source of DNA, and the
collection method does not require a specialized medical staff. This non-evasive procedure
uses no needles, contains little biohazard waste, and permits sample retention at room

temperature for many years.

Whatman® FTA® cards

One of more popular buccal collection methods is the FTA® card by Whatman®. A
sterile foam swab is rubbed along the inside of the individual’s mouth for ~30 seconds, then
blotted onto the FTA® card (3. The DNA cells are transferred from the swab to the FTA® card,
and the swab is thrown away. Once dry, FTA® samples can be safely stored at room
temperature for several years without sample degradation (3. Whatman® FTA® cards are
chemically treated with proprietary reagents that lyse cells upon contact, causing the release of
the DNA. During DNA analysis, the laboratory takes a small punch from the FTA® card and
begins the extraction process. Whatman® FTA® cards are compatible with any DNA extraction

protocol used in forensic laboratories 3).

While buccal on FTA® provide the ability for all agencies to collect a sample, often times
they do not produce a full DNA profile on the first analysis attempt, requiring the laboratory to
re-analyze the samples using a modified analysis technique. The main reason these samples fail
during DNA analysis is because the collection technique requires transferring DNA from a foam
swab to the FTA® paper. If this transfer step is done incorrectly, the DNA remains on the foam

swab (which is thrown away) and not on the FTA® paper (which is analyzed by the laboratory).
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Another disadvantage of the FTA® cards is the cost. Whatman® offers a variety of
buccal collectors, all at a significantly higher cost than a blood sample. However, FTA® buccal
cards are among the most popular collection kits utilized by state CODIS laboratories. When
taking into account the increased cost of the FTA® cards and the potential for sample failure,

the FTA® buccal card is a highly inefficient means of sample collection.

Bode™ Buccal DNA Collector”

Another popular buccal collection method is the Bode™ Buccal DNA Collector . This
collector is an easy to use, non-evasive device that collects cheek cell samples in one simple
step (4)- The advantage of this system is the sample is collected directly on to the cotton paper
without a transfer step. Once collected, the sample is placed into a transport pouch that
contains desiccant which allows for short term storage of the sample. An archival tray is
available for long term storage of the Buccal DNA Collectors. During DNA analysis, the
laboratory takes a small punch from the cotton paper and begins the extraction process. The
Bode™ Buccal DNA Collector” is compatible with most DNA extraction protocols used in

forensic laboratories.

The main disadvantage of the Bode™ Buccal DNA Collector is the extremely high cost.
However, many state CODIS laboratories use these kits to collect offender database samples.
As with the FTA® cards, the cost of the Bode™ Buccal DNA Collector makes it a highly inefficient

means of sample collection.

Swabs

Swabs are becoming a more popular buccal collection method among forensic and
paternity testing laboratories. This non-evasive collection technique uses a cotton or
polypropylene swab similar to ordinary Q-tips to collect the epithelial (cheek) cells. The three
main benefits to swabs are 1) most all forensic and paternity testing laboratories already have
protocols in place to process DNA from swabs, thus requiring no new validations or protocols,

and 2) swabs are significantly cheaper than other DNA collection devices, making them an
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attractive alternative for any DNA testing laboratory, and 3) the sample is collected directly
onto the swab without the transfer step, thus producing a high level of success on the first
analysis attempt. One State CODIS Laboratory reported “they get a full DNA profile on the first
try, every time, no exceptions”. While this may not be the case for all laboratories, these types
of results are what every lab strive to achieve. Successful analysis begins with successful

collection of the DNA sample.

The disadvantage of swabs is they must be allowed to air dry before being placed into
an evidence envelope. If not, the wet swab will leak through the outer package, potentially
contaminating other DNA samples. Most DNA collection facilities will sample multiple
individuals at a time, and line up the wet swabs in drying racks before packaging. This too is
another potential source of sample to sample contamination or even sample switches. The
wet swabs can be placed directly into cardboard swab boxes, but these packages are bulky and

require more long term storage space.

“All-in-One™” DNA Collection Kit

Prior to this grant award, the OSBI researched the advantages and disadvantages of
several types of DNA collection kits. From this, a new buccal collection kit has been developed
that combines the best qualities of several different collection kits into one. This “All-In-One™”
DNA collection kit is simple to use, provides reliable results, all at an affordable cost. The
simplicity of the kit design allows for any law enforcement agency to properly collect known
reference DNA samples without any transfer steps or drying steps required. This direct DNA
collection method helps to ensure that sufficient DNA is present, allowing the laboratory to
obtain a full DNA profile on the first analysis attempt, thus reducing the time and cost of
unnecessary re-testing. In addition, the cost of the buccal collection kit is a fraction of the cost
of most kits currently used by CODIS laboratories. QOSBI is currently seeking opportunities to
make this new buccal collection kit available to CODIS, forensic, and paternity testing

laboratories.
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Improvement 2: Eliminate the Extraction Step of the DNA Analysis Process

There are many different extraction techniques that can be utilized to process DNA
samples. The type of extraction technique used varies from state to state, with each technique
having its own advantages and disadvantages. Regardless of which technique is being utilized,
the reagents used can be very expensive, and it can take several hours to complete the
extraction process. Until recently, this extraction step was necessary to prepare the samples

for amplification.

DNA Extraction

Like a large number of CODIS laboratories, the OSBI currently uses Promega’s DNA 1Q®
Kit for extraction and purification of offender DNA database samples. Punches from FTA® cards
(buccal) are placed into a 96-well reaction plate (Promega’s SlickPrep plate), lysed in a buffer
solution at ~95°C for ~1 hour, and extracted using a magnetic resin. Using a robotics
workstation to perform the extraction, the entire process takes ~2.5 hours per plate of samples

(88 samples total) at the cost of ~$2.50 per sample.

Previous to the 2009 DNA Efficiency Improvement Award, the OSBI conducted research
using the same DNA 1Q® extraction technique on buccal swabs instead of FTA® cards. Following
the same technique described above, the buccal swabs were extracted by placing the entire
swab head into a 96-well reaction plate (Promega’s SlickPrep plate), lysed in a buffer solution at
~95°C for ~1 hour, and extracted using a magnetic resin. Using a robotics workstation to
perform the extraction, the entire process takes ~2.5 hours per plate of samples (88 samples

total) at the cost of ~$2.50 per sample.

Utilizing the DNA 1Q® extraction technique, both FTA® cards and buccal swabs yielded
good DNA results on the first analysis attempt. In a side-by-side study of the two sample types,
the buccal swab samples produced a full DNA profile (on the first analysis attempt) on 100% of

the samples analyzed, compared to 89% for the FTA® samples. In addition, the buccal swab
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samples showed fewer artifacts (minus A, pull-up, elevated stutter) than the FTA® samples,
providing cleaner DNA profiles and easier data analysis. When combined with the significant
cost savings of the collection kit, switching from FTA® cards to buccal swabs is something that

should be considered by any laboratory.

Identifiler®Direct PCR Amplification Kit

Applied Biosystems™ developed the AmpFBSTR® Identifiler® Direct PCR Amplification Kit
specifically to address the DNA extraction and purification bottleneck that exists in the
processing of single-source samples, including criminal DNA database samples, paternity
samples, and casework reference samples.;;; The Identifiler® Direct kit amplifies the 16 loci
included in the Identifiler® kit from single source samples spotted on FTA® cards, without the
need to perform any DNA extraction or purification. Blood or buccal samples on FTA® cards can
be punched into PCR plates or tubes, and taken directly to PCR amplification, without any loss
in resulting data quality.;;) By eliminating the tedious steps involved in DNA extraction and
purification, automation of the process becomes much easier, and requires a less sophisticated
and less expensive robot (or simply done without robotics). While the time to result is greatly
reduced, so is the potential for sample contamination or other procedural errors that can occur

during the process.

Research Conducted

While the Identifiler® Direct kit offers a tremendous advantage to laboratories using
FTA® cards, it is specifically designed for laboratories that utilize FTA cards, thus eliminating a
large portion of laboratories in the world. With this in mind, the OSBI proposed to validate
Identifiler® Direct for use on buccal swabs. Since we have already discussed some of the
advantages of buccal swabs over FTA® cards, this proposed technique would provide the most

cost effective means of processing known reference samples.
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42 different lysing methods were attempted in this research project. Each method
tested the effects of varying the lysing reagent used, lysing temperature, lysing time, lysing
reagent volume, and the actual size of the swab head used to collect the DNA sample. The
research eliminated several different techniques and narrowed the focus to one specific
method. Samples from this method were used in a side-by-side comparison to FTA® samples.
The results from this research demonstrated that, although the buccal samples showed good
results from direct amplification, the FTA® showed better results. Due to the limitations of the
research study, several additional buccal swab methods have been suggested for future
research studies, something we highly encourage pursuit of. The FTA® samples worked very
well with the Identifiler® Direct kit, with 100% of the samples tested yielding a full DNA full

profile (CODIS uploadable) on the first analysis attempt.

In a recent DNA conference it was announced that Applied Biosystem’s has been conducting
research on a technique that would allow the Identifiler® Direct kit to be used on buccal swabs.
According to the information presented at this conference, a technique has been successfully

validated and is due to be released to the forensic community in the very near future.

Conclusion

Any forensic laboratory, regardless of size, can increase their efficiency and prepare to
handle an increased number of sample submissions without creating a backlog. In doing so,
laboratories should not solely look at purchasing more equipment and hiring more analysts, but

rather re-evaluate their current procedures being used in an effort to eliminate inefficiencies.

Two key weaknesses in the current DNA analysis methods have been identified. If
improved, the cost of analysis per sample and the time it takes to process these samples with
drastically decrease. Whether a CODIS database sample or a known sample in a criminal case,
these new methodologies provide a more efficient and cost effective means of performing DNA
analysis on known reference samples. This will have a significant impact on the overall backlog

of criminal cases.
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Main Body

Introduction

There are many different extraction techniques that can be utilized to process DNA
samples. The type of extraction technique used varies from state to state, with each technique
having its own advantages and disadvantages. Regardless of which technique is being utilized,
the reagents used can be very expensive, and it can take several hours to complete the
extraction process. Until recently, this extraction step was necessary to prepare the samples

for amplification.

Applied Biosystems™ developed the AmpFBSTR® Identifiler® Direct PCR Amplification Kit
specifically to address the DNA extraction and purification bottleneck that exists in the
processing of single-source samples, including criminal DNA database samples, paternity
samples, and casework reference samples.;;; The Identifiler® Direct kit amplifies the 16 loci
included in the Identifiler® kit from single source samples spotted on FTA® cards, without the
need to perform any DNA extraction or purification. Blood or buccal samples on FTA® cards can
be punched into PCR plates or tubes, and taken directly to PCR amplification, without any loss
in resulting data quality.;;) By eliminating the tedious steps involved in DNA extraction and
purification, automation of the process becomes much easier, and requires a less sophisticated
and less expensive robot (or simply done without robotics). While the time to result is greatly
reduced, so is the potential for sample contamination or other procedural errors that can occur

during the process.

While the Identifiler® Direct kit offers a tremendous advantage to laboratories using
FTA® cards, it is specifically designed for laboratories that utilize FTA cards, thus eliminating a
large portion of laboratories in the world. With this in mind, the OSBI proposed to validate
Identifiler® Direct for use on buccal swabs. Since we have already discussed some of the
advantages of buccal swabs over FTA® cards, this proposed technique would provide the most

cost effective means of processing known reference samples.
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Methods

FTA® cards contain chemicals that lyse cells when they come into contact with the
paper, thus making amplification directly from the sample possible. Since a buccal swab does
not contain these types of chemicals, an initial lysis step was performed. Once completed, the
liquid lysate containing the DNA can be transferred to PCR plates or tubes, combined with the
Identifiler® Direct reagents, and taken directly to PCR amplification. Although the lysing step is
still involved, the extraction and purification steps are removed, thus providing a significant

cost savings and greatly reducing analysis time.

When analyzing FTA® cards, the user takes a small punch of the sample and places it
directly into an amplification tube or a 96-well amplification plate. The ldentifiler® Direct
reagents are then added and the samples are amplified on a thermalcycler. One of the
problems encountered in this technique is that when the samples are placed into the tube or
well, static buildup in the plastic tube/plate causes the FTA® punch to “jump around”. This is
especially problematic when using an open amplification plate, as samples from one well can
“jump” into another well, which causes sample-to-sample contamination. To remedy this
problem, the Identifiler® Direct amplification reagents can be added to the tube/plate first,
followed by the addition of the FTA® punches. However, even if static is not a problem, it is
very easy to inadvertently place a sample punch into an adjacent well. This technique opens
the opportunity for unnecessary laboratory sample errors. The punch used must also be

cleaned between samples to avoid any DNA carryover from the previous sample.

For the buccal swabs, it was decided that instead of taking a punch of the buccal swab,
the entire swab head would be used. This not only prevents the static build-up problem but
also allows for a more efficient means of setting up the samples. One entire 96-well plate can
be setup in ~15 minutes using a whole buccal swab, as compared to ~45 minutes using FTA®
punches. The entire swab head was placed into a 96-well plate (Promega’s SlickPrep plate) and
the swab stick was broken off at the swab end (snapped off). The preferred lysing solution is

then added to each well, and the samples are incubated in a water bath at various
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temperatures for varying amounts of time. One of the benefits of using an entire swab head is
the small amount of time it takes to setup an entire plate. In addition, the problem of
inadvertently placing the sample into the wrong well is averted, because it is impossible to fit
two swab heads into the same well. Finally, the entire swab head is being used instead of a
cutting or punch, the sample punch does not need to be cleaned between samples, saving time

and averting potential sample-to-sample contamination.

For studies 1 through 5, each method analyzed four buccal and one reagent blank. The
buccal swabs were collected from volunteers whose DNA profile was already known. Following
each specific lysing method, the samples were quantitated using the Applied Biosystems™
Quantifiler Human DNA Quantitation Kit and a 7500 Real Time PCR instrument to determine the
overall yield. Although direct amplification eliminates the quantitation step of the DNA analysis
process, this information was used to help determine which lysing methods provided the best
DNA vyield, and to identify any potential inhibitors that may be present. Varying amounts of
lysate (ranging from 1.0ul to 5.0ul) were transferred to a 1.5ml amplification tube, followed by
the addition of 25ul of the Identifiler® Direct amplification reagents. PCR amplification was
performed on a 9700 thermalcycler at 28 cycles, following the same thermalcycler conditions as
outlined in the cycle number study (see Table 1). Following amplification, the samples were
prepared for genetic analysis by combining 1ul of amplified DNA template to 9ul of a
formamide/size standard mixture, and injected at varying times (either 5 or 10 seconds) on a

3130 Genetic Analyzer (4 capillary).

After each study was conducted, the data from each method tested was calculated and
compared. If any method did not produce the desired results, modifications to any of the
varying parameters listed above were made, and additional studies were preformed. Once
(and if) a desired method was obtained, a side-by-side comparison would be made between the
buccal swab method and the FTA card method. The following is a summary of the results

obtained in this research study.
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Results

Cycle Number Study

As recommended by Applied Biosystems™, the first step was to conduct a brief
sensitivity study to determine the optimal PCR cycle number for use with the Identifiler® Direct
kit. 26 previously profiled offender database samples (buccal on FTA) were used for this study.
Following the Identifiler® Direct kit procedures, a single 1.2mm punch was taken from each
FTA® sample and placed into a 96-well PCR plate. This process was repeated for a total of 3
plates, one for each amplification cycle to be tested. 25ul of the Identifiler® Direct Reaction
Mix were added to the sample wells, and each of the three plates were amplified using a
different cycle number (26, 27, and 28 cycles) to determine the optimum for use. PCR
amplification was performed on a dual well 9700 thermalcycler following the recommended
PCR cycling conditions as outlined in Table 1. The samples were prepared for genetic analysis
by combining 1ul of amplified DNA template to 9ul of a formamide/size standard mixture. All

three plates were injected for 5 seconds on 3730 DNA Analyzer (48 capillary).

Table 1: PCR Cycling Conditions
Initial Cycle (26, 27, or 28 cycles) ]
. Final .
Incubation . Final Hold
Denature Anneal Extend Extension
Step
Hold Cycle Hold Hold
95°C 94°C 59°C 72°C 60°C 4°C
11 minutes 20 seconds 2 minutes 1 minute 25 minutes oo

The optimal PCR cycle number should generate profiles with heterozygous peak heights
of ~1,000 to 3000 rfu, with minimal occurrences of artifacts (minus A, excessive stutter, etc.) or
allelic drop-out events. Applied Biosystems™ notes that since unpurified samples are being
amplified, a greater variation in peak height from sample to sample is expected (as compared
to purified samples). The results from all three plates were calculated and compared. No
artifacts were observed on any sample, and full profiles were obtained at 26, 27, and 28 cycles.
The average heterozygous peak height ratios were 2012 rfu at 26 cycles, 2329 rfu at 27 cycles,
and 4120 rfu at 28 cycles.
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The results of the cycle number study demonstrated that the Identifiler® Direct
amplification kit works as expected on FTA® samples. Although the average heterozygous rfu
value was higher than desired at 28 cycles, this was the optimal PCR cycle number selected for
the remainder of the research study. This would ensure the maximum amount of DNA data
would be obtained from the swab samples. Now that the optimal PCR cycle number had been
determined, the next step was to identify the optimal lysing method that would allow for direct

amplification of swabs.

Study 1

With little to no research found that discusses using the Identifiler® Direct amplification
kit on cotton swabs, multiple variables and analysis techniques needed to be explored. In study
1 we evaluated the effects of using different lysing reagents, different volumes for the lysing
reagents, different lysing temperatures, and different lysing times. Although many different
variables are being tested at one time, the intent behind this initial study was to identify a trend
in the data to help narrow the focus of the research for future studies conducted. Ten different
lysing methods were evaluated in study 1 (see Table 2). All samples were amplified using 2.5ul
of sample lysate, and were injected on the 3130 Genetic analyzer once at 5 seconds and once at

10 seconds. No method tested produced the desired results; however, the study eliminated

several different techniques and narrowed the scope of the research for future studies

conducted.
Table 2: Lysing methods used for Study 1
Method Swab Head Lysing Solution Lysis Solution Lysing Lysing Time
Size Volume (pl) Temp. (°C) (minutes)

1 Large DNA 1Q® Lysis Buffer 400 70 15
2 Large Stain Extraction Buffer 400 70 15
3 Large Stain Extraction Buffer + ProK 400 + 10 70 15
a Large T.E? 400 70 15
5 Large T.E? 400 70 30
6 Large T.E? 400 90 15
7 Large H,0 400 70 30
8 Large H,0 400 90 15
9 Large T.E? 300 70 15
10 Large T.E? 200 70 15
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Method 1

The samples lysed with the DNA 1Q® Lysis Buffer showed no results.

One of the major

ingredients in the DNA IQ® Lysis Buffer is a chemical called guanidine. Guanidine has been

found to be a major source of inhibition in upstream PCR amplification. Due to this, the DNA

IQ® protocol includes at least three mandatory wash steps to rid the extract of all traces of

guanidine. After discussions with the Promega Corporation, they confirmed that they would

fully expect complete inhibition to occur with even just 1ul of the lysis buffer added to the PCR

reaction, resulting in no amplification. No additional studies were conducted using DNA 1Q®

Lysis Buffer.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
No data - - -
1 Inhibited -
- No data - - -
j: Bad injection - - -
s 2 Inhibited -
Y No data - R i,
E —_—
No data - - -
3 Inhibited -
No data - - -
No data - - -
4 Inhibited -
No data - - -
Average: - - - - -
Method 2

The samples lysed with the Stain Extraction Buffer (SEB) showed no results. The Dithiotreitol

(DTT) in the SEB is suspected to be inhibiting the amplification. The SEB concentration used is

2% which should be tolerable according to Applied Biosystems™.

was conducted in study 2.

Additional testing with SEB

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
1 Inhibited -
~ No data - - .
3 No data - - -
s 2 Inhibited -
= No data - R _
s No data
No data - - -
3 Inhibited -
No data - - -
4 Inhibited -
Average: - - - - -
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Method 3
The samples lysed with SEB/ProK showed no results. The DTT and/or the ProK are suspected to

be inhibiting the amplification. The SEB concentration used is 2% which should be tolerable

according to Applied Biosystems™. Additional testing with SEB was conducted in study 2.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
No data - - -
1 Inhibited -
No data - - -
o
3 No data . - .
< 2 Inhibited -
L7} No data - - -
=
No data - - -
3 Inhibited -
No data - - -
No data - - -
4 Inhibited -
No data - - -
Average: - - - -
Method 4

The samples lysed with T.E.” showed some potential. Although all samples contained dropout,
there were good allele peaks present both above and below the 100 rfu threshold. Since this
method showed some potential, it was explored further in later studies. However, based on
the low quantitation results it was apparent that additional modifications needed to be made

to the lysis solution volume, lysing temperature, and/or the lysing time.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/ul)
Dropout x12 loci - 174 -
1 0.134 0.335
Dropout x8 loci - 205 78.70%
<
B Dropout x12 loci - 116 -
< 2 0.065 0.162 -
§ Dropout x8 loci - 155 85.31%
No data (peaks below threshold) - - -
3 0.278 0.070
Dropout x14 loci - 121 -
No data (peaks below threshold) - - -
4 0.088 0.219
Dropout x15 loci - 101 -
Average: 0.079 0.196 - 145 82.01%
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Method 5
Although the samples in method 5 were lysed 15 minutes longer than in study 5 (at the same

temperature), the quantitation yield was half as much. This can be attributed to either
pipetting errors during quantitation, or varying amounts of DNA present on the swabs used in
each study. Although some DNA peaks were observed, it was apparent that additional

modifications needed to be made to the lysis solution volume, lysing temperature, and/or the

lysing time.
Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
No data - - -
1 0.006 0.016
No data - - -
wn
B Dropout x12 loci - 142 -
£ 2 0.052 0.131
g Dropout x10 loci - 166 99.04%
Dropout x14 loci - 129 84.68%
3 0.063 0.157
Dropout x13 loci - 155 84.03%
No data - - -
4 0.004 0.010
No data - - -
Average: 0.031 0.078 - 148 89.25%
Method 6

Method 6 again used T.E.” as the lysing reagent, but the lysing temperature was increased to
90°C. None of the samples showed peaks above the detection threshold. This study proved

that increasing the lysing temperature alone was not sufficient.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
No data - - -
1 0.004 0.010
No data - - -
©
IS No data (peaks below threshold) - - -
< 2 0.003 0.009
g No data (peaks below threshold) - - -
No data (peaks below threshold) - - R
3 0.017 0.042
Dropout x15 loci - 114 -
No data - - -
4 0.001 0.004
No data - - -
Average: 0.006 0.016 - 114 -
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Method 7

The samples lysed with ultrapure de-ionized water showed no results. It does not appear this is

a good lysis reagent under the conditions used.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
No data - - -
1 undetected -
No data - - -
-'; No data - - -
2 2 0.001 0.002
o No data - - -
=
No data - - -
3 0.010 0.025
No data - - -
No data - - -
4 0.002 0.004
No data - - -
Average: 0.004 0.010 - - -
Method 8

The samples lysed with ultrapure de-ionized water showed no results. It does not appear this is

a good lysis reagent under the conditions used.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
No data - - -
1 0.002 0.005
No data - - -
: No data (peaks below threshold) - - -
2 2 0.003 0.007
g No data (peaks below threshold) - - -
No data (peaks below threshold) - - -
3 0.009 0.022
No data (peaks below threshold) - - -
No data - - -
4 0.003 0.008
No data - - -
Average: 0.004 0.010 - - -
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Method 9
There was a wide range in the quantitation results of the four samples, which ultimately had a

significant impact in the overall DNA profile obtained. Only two of the four samples showed

peaks above the peak detection threshold, which indicated the method still needed to be

modified.
Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
Dropout x8 loci - 174 88.48%
1 0.090 0.224 -
o Dropout x3 loci - 254 87.34%
B No data - - -
= 2 0.025 0.061
g No data (peaks below threshold) - - -
Bad Injection - - -
3 0.045 0.112 —
Bad Injection - - -
Dropout x11 loci - 136 92.29%
4 0.052 0.131 -
Dropout x7 loci - 179 87.50%
Average: 0.053 0.132 186 88.90%
Method 10

Once again, the wide range in the quantitation results of the four samples ultimately had a
significant impact in the overall DNA profiles obtained. Three of the four samples showed
peaks above the peak detection threshold, with one sample providing a full DNA profile. This
proves that with the right amount of DNA template, the direct amplification from buccal swabs
is possible. However, it is apparent that a lysing method needs to be developed that produces

a more consistent yield of DNA from sample to sample. This will be explored in future studies.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/u)
Dropout x10 loci - 172 84.70%
1 0.085 0.213
9 Dropout x5 loci - 217 84.29%
3 No data - - -
< 2 0.012 0.029
% No data (peaks below threshold) - - -
Dropout x15 loci - 121 -
3 0.032 0.081
Dropout x15 loci - 117 -
Dropout x1 locus - 226 82.82%
4 0.126 0.315
oK - 330 80.49%
Average: 0.064 0.160 197 83.08%
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Method 10, Sample #4, Injection 2 of 2 (10 seconds)

Sample File Sample Name Panel
4-TE-200_D10_004_JDL.2 fsa | 4-TE-200 | IdentifilerDirect_GS500_Panels_vi
| D851179 | D21511 | | D75820 | | CSF1PO |
100 150 200 250 300 350
310 |l
0 1 1 |IlI M M
13 28 332 3 11 10
617 322 203 28 154 275
12
247
4-TE-200_D10_004_JDL.2 fsa | 4-TE-200 | IdentifilerDirect_GS500_Panels_v1 |
[ D351358 | THO1 | D135317 | D165539 | D251338 |
100 150 200 250 300 asD
760 I | /| \ ||| l‘ I‘ |l| |'|
0 '|| i IJI. ! L A i i
14 Q9 S 11 o 12 17
362 433 215 | 287 256 | 183 511
1
16 o3
73 350
4 TE-200_D10_004 JDL .2 fsa [4TE-200 [ IdentifilerDirect_GS500_Panels v1
[ D195433 | | VWA | | TPOX | | D18551
190 ) 1?3 ) ZIEIC ) 2:}3 ) 39[:- . 3?3
250 }L }l
. ¥} L
1 [ T T T I
12 15 8 11 15 19
466 170 34 314 210 117
1 1
13 16
454 150
4-TE-200_D10_004_JDL 2 fsa [4-TE-200 [IdentifilerDirect_GSS00_Panels_v1 |
[ DSSE18 | [ FGA |
100 150 200 250 . 300 3:'|>!J
38D |
|
o Jlk .Ik JI :
X 11 18 n
756 741 22 17
4-TE-200_D10_004_JDL.2 fsa [4-TE-200 [ IdentifilerDirect GS500_Panels_vi
190 ) 1EI.:J ) 2|E|l:- ) 2§'_‘| ) 390 . BEI.:J
1200
1]
L0 1380 160.0 20000 24585 300.0 3400
1500 350.0
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Study 2

In study 1 we demonstrated that direct amplification from a swab was possible, but the
optimal lysing technique had not been obtained. In study 2 we continued to explore different
lysing techniques by modifying the lysing reagents, lysing reagent volumes, lysing
temperatures, and lysing times. Eleven different lysing methods were tested for study 2 (see

Table 3). All samples were amplified using 2.5ul of sample lysate, and were injected on the

3130 Genetic analyzer twice at 10 seconds.

Table 3: Lysing methods used for Study 2
Method Swab Head Lysing Solution Lysis Solution Lysing Lysing Time
Size Volume (L) Temp. (°C) (minutes)
11 Large TE™ 200 70 60
12 Large TE™® 200 95 15
13 Large T.E? 200 95 60
14 Large TE™® 300 70 60
15 Large TE™ 300 95 15
16 Large T.E? 300 95 60
17 Large TE™ 400 70 60
18 Large TE™® 400 95 60
19 Large Stain Extraction Buffer (no DTT) 400 95 60
20 Large Stain Extraction Buffer (no DTT) 300 95 60
21 Large Stain Extraction Buffer (no DTT) 200 95 60

Results obtained from study 2 eliminated several more techniques, and narrowed the
scope of the research even further. Data showed that, for maximum yield, 95°C appears to be
the optimal lysing temperature and 60 minutes appears to be the optimum lysing time. This
lysing combination was used for the remainder of the research. However, the preferred lysing
reagent volume is still unclear. Methods 13, 16, and 18 produced full profiles but had varying
ranges in peak heights, peak height ratios, artifacts, and amount of preferential amplification.
As discussed in Study 1, the wide range in the quantitation results observed between samples
ultimately had a significant impact in the overall DNA profiles obtained. A method still needs to
be developed that produces a more consistent yield of DNA from sample to sample. This will

be explored further in study 3.
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Method 11
The wide range in the quantitation results of the four samples ultimately had a significant

impact in the overall DNA profiles obtained. Three of the four samples showed peaks above

the peak detection threshold, with one sample providing a full DNA profile (along with a

significant amount of pull-up and split-peaks). Additional methods still need to be explored.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
Bad peak morphology Yes 7031 95.15%
1 0.228 0.570
Bad peak morphology Yes 6786 95.81%
S No data (peaks below threshold) - -
= 2 0.024 0.061
§ No data (peaks below threshold) - -
=
Dropout x1 locus 944 85.23%
3 0.107 0.268
Dropout x1 locus 811 84.17%
Dropout x15 loci 160 -
4 0.096 0.241
Dropout x15 loci 150 -
Average: 0.114 0.285 2647 90.09%
D19 VWA | TPOX | D18
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16, 18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 12
The wide range in the quantitation results of the four samples ultimately had a significant

impact in the overall DNA profiles obtained. Three of the four samples showed peaks above

the peak detection threshold, but no sample provided a full DNA profile. Additional methods

still need to be explored.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
Dropout x14 loci 130 72.25%
1 0.012 0.029
Dropout x15 loci 135 78.62%
N Dropout x14 loci 154 68.59%
g 2 0.006 0.016
% Dropout x15 loci 160 -
=
Dropout x11 loci 456 85.74%
3 0.020 0.051
Dropout x11 loci 419 87.67%
No data - -
4 0.005 0.012
No data - -
Average: 0.011 0.027 242 78.57%
D19 VWA | TPOX D18
1 13,15 3218'2 10,11 11,13 16, 16 93,93 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
1 13,15 3218’2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16, 18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 13
All four samples produced a full DNA profile, the best results obtained thus far. One of the

samples had peak heights above the detection limit of the 3130, which caused artifacts to be

observed. However, this same sample injected on a 3730 DNA analyzer would more than likely

produce a clean DNA profile.

This method will be explored further in future studies.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
OK - 2634 84.17%
1 0.318 0.795
OK - 2104 83.50%
(] OK - 1068 78.27%
g 2 0.039 0.099
% OK - 987 78.25%
=
OK Yes 3927 86.17%
3 0.415 1.038
OK Yes 3785 86.47%
Unexplained peak Yes 6340 89.37%
4 0.168 0.420
Unexplained peak Yes 5925 91.11%
Average: 0.235 0.588 - 3346 84.66%

D19 | vWA | TPOX | D18
28
1 13,15 312 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 | 1517 | 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 | 1517 | 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample.
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Method 13, Sample #2, Injection 2 of 2 (10 seconds)

Sample File Sample Name Panel
2-TE-200 95-60 BO4 002 JOL.2fsa | 2-TE-200_95-60 | IdentifilerDirect_GSS00_FPanels_v1
| DBS1179 Il D21511 | D7SB820 | CSF1PO |
100 150 200 250 300 350
1000 h
o Il|l 1 |L =1 'lll'
12 28 11 12
666 1782 343 543
1 1
13 2
o2 531
2-TE-200 95-60 BO4 002 JOL 2 fsa | 2-TE-200_95-60 | IdentifilerDirect_GSS00_Pansls vl |
[ D351358 | | THO1 || D135317 I[ D165538 | | D251338 |
100 150 200 250 a0n 350
900 .
| ’l 'J |H y h A
0 — =T ol =~ "
16 6 8 12 12 3
1533 570 200 578 200 578
1
18 7
1040 60
2-TE-200 95-60 BO4 002 JOL 2 fsa |2—TE—20D 95-60 |I|:Ien1.iﬁ|erDire-{:1 GS500 Panels vi
| 0195433 | | VWA | [ TPOX | | D18551 |
100 . 150 . 200 . 250 . 300 . 350
1100 n JL
o 1 - I Il JIl J'IL J}
13 16 15 3 13 16
1583 1378 2151 260 557 317
2-TE-200 95-60 BO4 002 JOL.2fsa [ 2-TE-200_95-60 [ IdentifilerDirect GSS00_FPanels v1 ]
| | D55818 ] | FGA ]
100 180 200 250 300 350
1400 |\ ¥
0 JII. II\JIl |llu|
X 12 21
2557 1131 660
1
13 3
1184 524
2-TE-200 95-60 BO4 002 JOL 2 fsa [2-TE-200_95-60 | identifilerDirect_GS500_FPansls v1
100 . 150 . 200 . 250 . 00 . 350
1800
0
1000 139.0 1500 200.0 246.51 00.0 3400
160.0 3500
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Method 14

Only one sample produced a full DNA profile, but the peaks were so far off scale that many

artifacts were also present. The remaining three samples had some peaks present as well, but

did not produce a full DNA profile.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
Dropout x1 locus - 1373 83.55%
1 0.058 0.145
Dropout x1 locus - 1293 84.49%
s Dropout x 12 loci - 146 94.77%
S 2 0.032 0.080
é Dropout x12 loci - 133 89.77%
=
Dropout x11 loci - 238 73.62%
3 0.153 0.383
Dropout x11 loci - 217 73.62%
Unexplained peak Yes 6193 87.39%
4 0.130 0.325
Unexplained peak Yes 6010 88.77%
Average: 0.093 0.233 1950 84.50%
D19 VWA | TPOX | D18
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 3218’2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16, 18 6,7 8,12 12,12 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 15
Some samples had peaks above the peak detection threshold, but no sample produced a full

DNA profile. When looking at the low quantitation values for these 4 samples, these results are

expected.
Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
Dropout x13 loci - 225 75.26%
1 0.027 0.068
Dropout x13 loci - 228 78.07%
) Dropout x15 loci - 124 -
S 2 0.002 0.004
é Dropout x15 loci - 110 -
=
Dropout x14 loci - 126 88.98%
3 0.038 0.096
Dropout x14 loci - 119 97.22%
No data - - -
4 0.007 0.018
No data - - -
Average: 0.019 0.046 155 84.88%
D19 VWA | TPOX D18
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,9.3 11,14 9,11 19,23 12,14 16,17 8,9 15,17 XY 11,11 22,22
4 13,13 27,29 9,11 10,12 14,16 7,9.3 11,14 9,11 19,23 12,14 16,17 8,9 15,17 XY 11,11 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 16

Three of the four samples produced a full DNA profile, and the one remaining sample had

dropout at only one locus. The peak heights were the best overall observed thus far, keeping

the samples free from artifacts. This method will be explored further in future studies.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
OK 1697 85.29%
1 0.119 0.298
OK 1460 84.80%
3 OK 1547 89.30%
3 2 0.160 0.400
% OK 1556 89.43%
=
Dropout x1 locus 1064 88.16%
3 0.184 0.460
Dropout x1 locus 974 87.32%
OK 1233 83.71%
4 0.051 0.127
Dropout x2 loci 1077 85.42%
Average: 0.128 0.321 1326 86.68%

D19 VWA | TPOX D18
1 13,15 3218.'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 | 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 3218.'2 10,11 11,13 16,16 | 9.3,93 | 11,12 11,12 | 19,22 14,15 | 1517 | 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample.
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Method 16, Sample #1, Injection 2 of 2 (10 seconds)

Sample File Sample Mame Pamel
1-TE-300_95-60_AD7_001_JDL.2 fsa |1-TE-3[JU 95-60 |Identiﬁ|erDirec:t 5500 _Panels_v1
[ DES1179 I D21511 | D7S&20 | [ CSF1PQ
100 150 200 250 300 350
1000 l I
o | T 1 T 'I;l“-‘n“
13 28 312 10 1
1310 1661 1506 13 408
1
15 1 13
12 1631 363
1-TE-300_95-60 _AD7 001_JDL 2 fsa | 1-TE-200_95-60 | IdentifilerDirect 5500 Panels v1 |
[ 0351358 | ] THO1 || D135317 I D165538 | | 0251336 |
100 150 200 250 300 350
1800 I |
|| j 1| "
o T T i =T T T
16 03 1 1 v n
3551 073 1805 07 T34
1 1
2 12
1606 556
1-TE-200_95-60_AD7 001 _JDL.2.fsa |1-TE-3IJEI 95-60 |Identiﬁ|erDirec:t GS500_Panels vi
[ D195433 | | VWA | | TPOX | | D18551
100 . 150 . 200 . 250 . 300 . 350
1400 L )L ’L
o - 1 I II‘]'Il J'IlL |nIL
14 15 10 15 19
2603 005 431 1075 853
T 1
15 17 11
2038 1836 485
1-TE-300_95-60_AD7_001_JOL 2 fsa [1-TE-300_85-60 [IdentifierDirect_GS500_Fanels_vi |
I D55818 | I FGA |
1?0 180 200 z?u 300 350
1600 ’ ' '
'| | L |
o II ! JIL II JII IllL
X 11 20
2257 2010 1460
1 |
v 12 21
2751 2306 1572
1-TE-300 95-60 AD7 001 _JDL 2 fsa [1-TE-300 9560 [IdentifilerDirect GS500 Panels v1
100 150 200 250 300 350
] | 1 1 ] | ] | 1 I
1100
0
1000 139.0 1500 200.0 245 48 300.0 3400
160.0 3300
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Method 17
Only one sample produced a full DNA profile, but due to the data being off scale, artifacts (pull-

up) were also present. Quantitation results for the remaining three samples were very low,

which explains why they did not provide a full DNA profile.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
OK Yes 4510 90.07%
1 0.120 0.300
OK Yes 5164 91.62%
= No data - - -
3 2 0.018 0.045
E No data - - -
o No data
=
Dropout x13 loci - 187 92.46%
3 0.137 0.343
Dropout x13 loci - 190 89.25%
No data - - -
4 0.074 0.186
Average: 0.087 0.218 2513 90.85%
D19 VWA | TPOX D18
1 13,15 3218'2 10,11 | 11,13 16,16 | 93,93 | 11,12 | 11,12 | 19,22 | 14,15 | 1517 | 10,11 | 1519 XY 11,12 | 20,21
1 13,15 3218'2 10,11 | 11,13 16,16 | 93,93 | 11,12 | 11,12 | 19,22 | 14,15 | 1517 | 10,11 | 1519 XY 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
4 13,13 27,29 9,11 10,12 14,16 7,9.3 11,14 9,11 19,23 12,14 16,17 8,9 15,17 XY 11,11 22,22
4 13,13 27,29 9,11 10,12 14,16 7,9.3 11,14 9,11 19,23 12,14 16,17 8,9 15,17 XY 11,11 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 18
All four samples produced a full DNA profile. One of the samples had peak heights above the

detection limit of the 3130, which caused artifacts to be observed. However, this same sample

injected on a 3730 DNA analyzer would more than likely produce a clean DNA profile.  This
method will be explored further in future studies.
Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/ul)
oK - 1552 84.40%
1 0.101 0.253
OK - 1363 85.10%
3 OK - 518 80.33%
3 2 0.017 0.042
£ oK - 518 80.13%
=
oK - 976 82.39%
3 0.168 0.420
OK - 982 82.32%
Unexplained peak Yes 6168 92.50%
4 undetected -
Unexplained peak Yes 6016 92.44%
Average: 0.095 0.238 2262 84.95%
D19 | vWA | TPOX | D18
1 13,15 3218'2 10,11 11,13 16,16 93,93 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
1 13,15 3218'2 10,11 11,13 16,16 93,93 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16, 17 8,11 12,12 X, X 11,11 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
4 13,13 27,29 9,11 10,12 14,16 7,9.3 11,14 9,11 19,23 12,14 16, 17 8,9 15,17 X, Y 11,11 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 XY 11,11 22,22

Note: This table lists the expected profile for each sample.
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Method 18, Sample #3, Injection 2 of 2 (10 seconds)

Sample File Sample Name Panel
J-TE-400_953-60_C09_003 JDL.2.fsa | 3-TE-400_95-60 | IdentifilerDirect_G5500_Panels_vi
| D&51179 I D21511 | | D75820 | | CSF1PO |
100 150 200 250 300 350
800 |
o | 1 1 1 ’:"
10 o) 7 i | 12
1236 1016 770 778 320
12 29
1441 757
3-TE-400_95-60_C09_003_JDL.2.fsa | 3-TE400_95-60 | IdentifilerDirect_G5500_Panels_vi |
| D351358 | ] THO1 1 D135317 || D165539 | | D251338 |
100 150 200 250 300 350
700 ' l ’ |
i1l | ||| | ¥ A A
a - T e — T 1 T
16 6 8 11 13 19 4
122 373 801 685 328 105 201
1 L] L]
17 7 14
1162 495 72
3-TE-400 95-60_C09 003 JDL.2.fsa |3—TE4|]D 95-60 |Idenli'ﬁl'erDirecI GS500_Panels_vi
[ D195433 | | VWA || TPOX | | D18551
100 . 180 . 200 . 230 \ %0 \ 350
0 —— = =1 'llL 4 I
13 16 g8 1 2
1557 1339 E) I ¥ ] 1093
1 1
14 17
1073 1270
3 TE-400 9560 C09 003 JOL 2 fsa [3-TE-200_95-60 [IdentifilerDirect_35500_Panels_vi |
B D55818 ] | FGA |
100 | 150 200 250 S(I,"!J 350
2500
0 i ||L Jl| !:'
X i | 21
2146 4652 956
1
3-TE-4D0 95-60 C09 003 JDL 2 fsa [3-TE-400 95-60 [IdentifilerDirect_GS500 Panels v1
100 160 200 250 300 350
| | ] 1 1 | | 1 1 1 I
1500
o
100.0 139.0 150.0 200.0 246.48 300.0 3400
160.0 3500
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Method 19

In methods 3 and 4, it was expected that the DTT present was inhibiting the amplification. The

SEB concentration used is 2% which should be tolerable according to Applied Biosystems™. To

verify this theory, method 19 used a lysing reagent of SEB with no DTT. None of the samples

had peaks present, indicating a complete amplification failure. This proves the SEB is causing

inhibition in the amplification.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
No data - - -
1 undetected -
No data - - -
()]
-
] No data - - :
_8 2 undetected -
] No data - - .
=
No data - - -
3 undetected -
No data - - -
No data - - -
4 undetected -
No data - - -
Average: - - - -
Method 20

Method 20 used the same lysing combinations as in method 19, but slightly increased the

volume of lysing reagent.

amplification failure. This proves the SEB is causing inhibition in the amplification.

None of the samples had peaks present, indicating a complete

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
No data - - -
1 undetected -
No data - - -
o
o~
3 No data - - -
2 2 undetected -
] No data - - .
=
No data - - -
3 undetected -
No data - - -
No data - - -
4 undetected -
No data - - -
Average: - - -
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Method 21

Method 20 used the same lysing combinations as in method 19, but with a full volume of lysing

reagent. None of the samples had peaks present, indicating a complete amplification failure.

This proves the SEB is causing inhibition in the amplification.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
No data - - -
1 undetected -

No data - - -
= No data - - -
3 2 undetected -

% No data - - -
=

No data - - -

3 undetected -
No data - - -
No data - - -
4 undetected -
No data - - -
Average: - - -
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Study 3

Study 2 demonstrated that samples lysed in T.E. could produce a full DNA profile.
Acceptable results were obtained for 200ul, 300ul, and 400ul volumes (methods 13, 16, and 18
respectively). Although good results were obtained, the variance in the peak heights between
samples was broader than desired. It is believed this is due to the varying amounts of DNA

present when a whole swab head (large size) is used.

When analyzing FTA® cards, a standard 1.2mm size punch is used, which creates a more
narrow range of DNA that can be amplified (due to a limited surface area of the punch taken).
This in turn will produce a more consistent range of peak heights among all samples. For
swabs, this same principle can be applied by either taking a punch of the swab head (not
explored in this research study), or by using a swab with a smaller size head. The smaller swab
head will have a smaller surface area (similar to a 1.2mm FTA® punch) and, in theory, should

narrow the range of DNA that is lysed.

In study 3, two different sizes of swabs heads were used (small and medium). Reagent
volumes of 200 through 400ul were used to continue to identify which produces a higher DNA

yield (see Table 4). All samples were amplified using 2.5ul of sample lysate, and were injected

on the 3130 Genetic analyzer twice at 10 seconds.

Table 4: Lysing methods used for Study 3
Method Swab Head Lysing Solution Lysis Solution Lysing Lysing Time
Size Volume (i) Temp. (°C) (minutes)
22 Medium TE™® 200 95 60
23 Medium TE™® 300 95 60
24 Medium TE™® 400 95 60
25 Small TE™® 200 95 60
26 Small TE™® 300 95 60
27 Small TE™ 400 95 60
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Method 22
One sample produced a full DNA profile, and the remaining three samples had dropout. This is

to be expected when evaluating the quantitation results. The large swab head used in method

13 (lysed under the same conditions as method 22) yielded a significantly higher amount of

amplifiable DNA (0.235ng/ul average verses 0.016ng/ul average). While the reduced surface

area of the medium sized swab head was expected to produce a lower quantitation result, it

was not expected to be this drastic. In addition, the reduced surface area of the medium size

swab head did little to reduce the broad range of amplifiable DNA observed between samples.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
Dropout x15 loci - 113 -
1 0.005 0.011
Dropout x16 loci - 106 -
o] Dropout x1 locus - 347 76.78%
8 2 0.020 0.050
% Dropout x1 locus - 293 78.30%
=
Dropout x14 loci - 165 -
3 0.007 0.018
Dropout x14 loci - 167 -
oK - 341 83.75%
4 0.032 0.080
Dropout x1 locus - 345 83.58%
Average: 0.016 0.040 235 80.60%

X

1 13,15 3218'2 10,11 11,13 16,16 Z?;' 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
1 13,15 323'2 10,11 11,13 16,16 %.33’ 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X,Y 11,11 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 XY 11,11 22,22
Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 23

One sample produced a full DNA profile, and the remaining three samples had dropout.

This is

to be expected when evaluating the quantitation results. The large swab head used in method

16 (lysed under the same conditions as method 23) yielded a significantly higher amount of

amplifiable DNA (0.128ng/ul average verses 0.028ng/ul average). While the reduced surface

area of the medium sized swab head was expected to produce a lower quantitation result, it

was not expected to be this drastic. In addition, the reduced surface area of the medium size

swab head did little to reduce the broad range of amplifiable DNA observed between samples.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
Dropout x13 loci 132 84.33%
1 0.004 0.011
Dropout x13 loci 124 80.79%
Q oK 317 81.56%
3 2 0.052 0.130
£ Dropout x2 loci 286 80.52%
=
Dropout x3 loci 270 82.52%
3 0.028 0.070
Dropout x4 loci 262 83.46%
Dropout x3 loci 308 76.68%
4 0.029 0.073
Dropout x3 loci 301 76.34%
Average: 0.028 0.071 250 80.78%

VWA | TPOX | D18

1 13,15 3218'2 10,11 11,13 16,16 93,93 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
1 13,15 3218'2 10,11 11,13 16,16 9.3,9.3 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
4 13,13 27,29 9,11 10,12 14,16 7,9.3 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 22,22
4 13,13 27,29 9,11 10,12 14,16 7,9.3 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 22,22
Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 24

Three samples had dropout and one sample showed no data present. This is to be expected
when evaluating the quantitation results. The large swab head used in method 18 (lysed under
the same conditions as method 24) yielded a significantly higher amount of amplifiable DNA
(0.095ng/ul average verses 0.037ng/ul average). While the reduced surface area of the
medium sized swab head was expected to produce a lower quantitation result, it was not
expected to be this drastic. In addition, the reduced surface area of the medium size swab

head did little to reduce the broad range of amplifiable DNA observed between samples.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
No data - - -
1 0.005 0.013
No data - - -
< ;
_f; Dropout x9 loci - 196 76.86%
o 2 0.088 0.220
= Dropout x10 loci - 192 75.43%
=
Dropout x14 loci - 144 -
3 0.012 0.029
Dropout x14 loci - 147 -
Dropout x1 locus - 327 83.45%
4 0.041 0.103
Dropout x1 locus - 306 83.56%
Average: 0.037 0.091 219 79.83%

1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 20,21
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
4 13,13 27,29 9,11 10, 12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 22,22
4 13,13 27,29 9,11 10, 12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 25
All four samples had dropout. This is to be expected when evaluating the quantitation results.

The large swab head used in method 13 and the medium swab head used in method 22 (lysed
under the same conditions as method 25) both yielded a higher amount of amplifiable DNA
(0.235ng/ul average verses 0.016ng/ul average verses 0.006ng/ul average ). Similar to the
medium sized swab head, while the reduced surface area of the small sized swab head was
expected to produce a lower quantitation result, it was not expected to be this drastic. In
addition, the reduced surface area of the small size swab head did little to reduce the broad

range of amplifiable DNA observed between samples.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
Dropout x12 loci - 132 91.10%
1 0.003 0.008
Dropout x13 loci - 125 89.08%
a Dropout x5 loci - 300 88.66%
j: 2 0.009 0.022
< Dropout x5 loci - 284 88.08%
=
Dropout x15 loci - 159 -
3 0.006 0.014
Dropout x15 loci - 132 -
Dropout x7 loci - 156 81.66%
4 0.008 0.021
Dropout x6 loci - 150 74.34%
Average: 0.006 0.016 180 85.49%

1 13,15 325'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 3218.'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10, 12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10, 12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 26

One sample produced a full DNA profile, and the remaining three samples had dropout. This is
to be expected when evaluating the quantitation results. The large swab head used in method
16 and the medium swab head used in method 23 (lysed under the same conditions as method
26) both yielded a higher amount of amplifiable DNA (0.128ng/ul average verses 0.028ng/pul
average verses 0.032ng/ul average ). Similar to the medium sized swab head, while the
reduced surface area of the small sized swab head was expected to produce a lower
guantitation result, it was not expected to be this drastic. In addition, the reduced surface area
of the small size swab head did little to reduce the broad range of amplifiable DNA observed

between samples.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
Dropout x7 loci - 165 80.98%
1 0.006 0.014
Dropout x8 loci - 153 86.56%
(-
_'; OK - 628 82.72%
2 2 0.092 0.230
H Dropout x1 locus - 547 83.94%
=
Dropout x14 loci - 163 -
3 0.017 0.042
Dropout x14 loci - 164 -
Dropout x5 loci - 203 81.00%
4 0.012 0.031
Dropout x5 loci - 193 81.25%
Average: 0.032 0.079 277 82.74%

1 13,15 3218.'2 10, 11 11,13 16,16 | 9.3,93 | 11,12 11,12 19,22 14,15 | 15,17 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 3218.'2 10, 11 11,13 16,16 | 9.3,93 | 11,12 11,12 19,22 14,15 | 15,17 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4q 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, ¥ 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 27
Two samples had dropout and two samples had no data present. This is to be expected when

evaluating the quantitation results. The large swab head used in method 18 and the medium
swab head used in method 24 (lysed under the same conditions as method 27) both yielded a
higher amount of amplifiable DNA (0.095ng/ul average verses 0.037ng/ul average verses
0.020ng/ul average ). Similar to the medium sized swab head, while the reduced surface area
of the small sized swab head was expected to produce a lower quantitation result, it was not
expected to be this drastic. In addition, the reduced surface area of the small size swab head

did little to reduce the broad range of amplifiable DNA observed between samples.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/u)
No data (peaks below threshold) - - -
1 0.027 0.067
No data (peaks below threshold) - - -
~ .
~ Dropout x15 loci - 116 -
B 2 0.026 0.064
'.E Dropout x15 loci - 124 -
=
No data - - -
3 0.014 0.036
No data - - -
Dropout x10 loci - 147 72.88%
4 0.014 0.034
Dropout x10 loci - 146 79.60%
Average: 0.020 0.050 133 76.24%

1 13,15 :E'z 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 325'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
4 13,13 27,29 9,11 10, 12 14,16 7,9.3 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10, 12 14,16 7,9.3 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Study 4

In study 4 we evaluated the effects of decreasing the amount of DNA template used
during the amplification step. Personal experience has demonstrated that sometimes using less
DNA template can greatly help reduce preferential amplification, thus producing cleaner, more
balanced profiles. 9 different lysing methods were used for study 4 (see Table 5). Four samples
were analyzed for each method tested. All samples were amplified using 1.0ul of sample lysate

(instead of the 2.5ul of sample lysate used in studies 1, 2 and 3) and were injected on the 3130

Genetic analyzer twice at 10 seconds.

Table 5: Lysing methods used for Study 4
Method Swab Head Lysing Solution Lysis Solution Lysing Lysing Time
Size Volume (pl) Temp. (°C) (minutes)
13b Large T.E? 200 95 60
16b Large TE™ 300 95 60
18b Large TE™ 400 95 60
22b Medium TE™® 200 95 60
23b Medium TE™® 300 95 60
24b Medium TE™® 400 95 60
25b Small TE™® 200 95 60
26b Small TE™® 300 95 60
27b Small TE™® 400 95 60
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Method 13b
Sample lysate from method 13 was used for this study. Although an amplification target range

of 0.235ng average was used in this study, only 1 sample produced a full DNA profile. These
results are not as good as the results from method 13 which used 2.5ul of sample lysate for

amplification.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
Dropout x5 loci - 373 85.73%
1 0.318 0.318
Dropout x6 loci - 334 87.09%
= No data (peaks below threshold) - - -
-
k> 2 0.040 0.039
< No data (peaks below threshold) - - -
[}
=
Unexplained peak Yes 891 88.33%
3 0.415 0.415
oK - 797 89.41%
Dropout x4 loci - 615 81.53%
4 0.168 0.168
Dropout x4 loci - 614 80.59%
Average: 0.235 0.235 604 85.45%
D19 VWA | TPOX | D18
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 | 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 | 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.

NIJ Cooperative Agreement 2009-DN-BX-K160 Page 48 of 93



This document is a research report submitted to the U.S. Department of Justice. This report has not been published by the Department. Opinions or
points of view expressed are those of the author and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

Method 16b
Sample lysate from method 16 was used for this study. Although an amplification target range

of 0.128ng average was used in this study, all four samples had dropout. These results are not

as good as the results from method 16 which used 2.5ul of sample lysate for amplification.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
Dropout x12 loci 203 72.68%
1 0.119 0.119
Dropout x13 loci 201 78.09%
§ Dropout x7 loci 284 76.38%
3 2 0.160 0.160
£ Dropout x6 loci 286 83.79%
[
=
Dropout x5 loci 297 79.42%
3 0.184 0.184
Dropout x6 loci 276 88.41%
Dropout x15 loci 135 -
4 0.051 0.051
Dropout x15 loci 112 -
Average: 0.128 0.128 224 79.80%
D19 VWA | TPOX D18
1 13,15 3218'2 10,11 11,13 16,16 9.3,9.3 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample.
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Method 18b
Sample lysate from method 18 was used for this study. 1 sample produced a full DNA profile,

but the peak heights were off scale, thus producing artifacts. 2 samples had dropout and one

sample had peaks present but all were below threshold. These results are not as good as the

results from method 18 which used 2.5ul of sample lysate for amplification.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
Dropout x8 loci - 318 82.50%
1 0.101 0.10
Dropout x8 loci - 300 85.15%
§ No data (peaks below threshold) - - -
3 2 0.017 0.017
£ No data (peaks below threshold) - - -
[
=
Dropout x11 loci - 225 71.16%
3 0.168 0.168
Dropout x11 loci - 237 71.94%
Unexplained peak Yes 4497 89.46%
4 undetected -
Bad peak morphology Yes 4271 89.72%
Average: 0.095 0.095 1641 81.66%
D19 VWA | TPOX | D18
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10, 11 15,19 X, Y 11,12 | 20,21
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10, 11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 | 21,22
13,1 7, , 11 10,1 14,1 7,9. 11,14 , 11 19, 12,14 16,17 , 15,17 X, ¥ 11,11 ,
3,13 27,29 9 0,12 6 9.3 9 9,23 2, 6, 8,9 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample
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Method 22b
Sample lysate from method 22 was used for this study. All four samples had dropout. These

results are very similar to the results from method 22 which used 2.5ul of sample lysate for

amplification.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
Dropout x13 loci - 119 81.36%
1 0.005 0.005
Dropout x15 loci - 118 78.10%
= Drop 3 loci 9
o ropout x3 loci - 273 88.94%
3 2 0.020 0.020
£ Dropout x3 loci - 246 86.67%
[
=
Dropout x7 loci - 170 82.02%
3 0.007 0.007
Dropout x10 loci - 146 87.93%
Dropout x5 loci - 276 81.95%
4 0.032 0.032
Dropout x5 loci - 243 81.87%
Average: 0.016 0.016 199 83.61%
D19 VWA | TPOX | D18
1 13,15 3218'2 10,11 11,13 16, 16 93,93 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
1 13,15 3218'2 10,11 11,13 16, 16 93,93 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 23b
Sample lysate from method 23 was used for this study. 1 sample produced a full DNA profile,

while the other three samples had dropout. These results are very similar to the results from

method 23 which used 2.5ul of sample lysate for amplification.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
Dropout x15 loci - 134 -
1 0.004 0.004
Dropout x15 loci - 120 -
2 0,
] OK - 516 83.61%
- 2 0.052 0.052
<}
< oK - 450 82.40%
[
=
Dropout x8 loci - 183 80.49%
3 0.028 0.028
Dropout x9 loci - 170 88.72%
Dropout x4 loci - 228 73.57%
4 0.029 0.029
Dropout x5 loci - 212 71.43%
Average: 0.028 0.028 252 80.04%
D19 VWA | TPOX | D18
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 15,15 8,8 13,16 X, X 12,13 | 21,23
10,1 27, 7,11 12,12 16,17 6,7 , 11 13,14 | 19,24 | 13,14 16,17 , 11 12,1 X, X 11,11 1,
0,12 29 6, 8 3 3 6, 8, 2,12 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 16,17 8,11 12,12 X, X 11,11 | 21,22
13,1 7, , 11 10,12 14,1 7,9. 11,14 9,11 19,2 12,14 16,17 8,9 15,17 X, Y 11,11 x
3,13 27,29 9 0, 6 9.3 3 2 6, 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 24b
Sample lysate from method 24 was used for this study. 3 samples had dropout and 1 sample

had peaks present but all were below the detection threshold. These results are very similar to

the results from method 24 which used 2.5ul of sample lysate for amplification.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
No data (peaks below threshold) - - -
1 0.005 0.005
No data (peaks below threshold) - - -
= i 0,
= Dropout x4 loci - 183 74.08%
o~
3 2 0.088 0.088
£ Dropout x3 loci - 169 77.53%
[
=
Dropout x14 loci - 167 -
3 0.012 0.012
Dropout x14 loci - 150 -
Dropout x5 loci - 226 76.27%
4 0.041 0.041
Dropout x5 loci - 225 75.73%
Average: 0.037 0.037 187 75.90%
D19 VWA | TPOX | D18
1 13,15 3218’2 10,11 11,13 16, 16 9.3,9.3 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 20,21
1 13,15 3218’2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10, 12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 25b
Sample lysate from method 25 was used for this study. 3 samples had dropout and 1 sample

had peaks present but all were below the detection threshold. These results are very similar to

the results from method 25 which used 2.5ul of sample lysate for amplification.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
No data (peaks below threshold) - -
1 0.003 0.003
No data (peaks below threshold) - -
o Dropout x4 loci 334 82.14%
o~
3 2 0.009 0.009
£ Dropout x3 loci 327 82.39%
7}
=
No data (peaks below threshold) - -
3 0.006 0.006
No data (peaks below threshold) - -
Dropout x13 loci 125 -
4 0.008 0.008
Dropout x15 loci 123 -
Average: 0.006 0.006 227 82.27%
D19 VWA | TPOX | D18
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 | 20,21
1 13,15 3218’2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 26b
Sample lysate from method 26 was used for this study. 1 sample produced a full DNA profile,

while the other three samples had dropout. These results are not as good as the results from

method 26 which used 2.5ul of sample lysate for amplification.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
Dropout x15 loci - 113 -
1 0.006 0.006
No data (peaks below threshold) - - -
2 0,
] OK - 627 79.70%
- 2 0.092 0.092
<}
< oK - 629 81.34%
[
=
Dropout x14 loci - 125 -
3 0.017 0.017
Dropout x14 loci - 108 -
Dropout x14 loci - 161 -
4 0.012 0.012
Dropout x14 loci - 164 -
Average: 0.032 0.032 275 80.52%
D19 VWA | TPOX | D18
1 13,15 3218’2 10,11 11,13 16,16 | 9.3,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
12,1 , 11,1 12,1 16, 1 , 7 1 12,1 , 13,1 15,15 , 13,1 X, X 12,1 1,
2,13 28,28 2 2,12 6,18 6, 8,12 2,12 | 23,23 3,16 8,8 3,16 2,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 27b
Sample lysate from method 27 was used for this study. 2 samples had dropout, and 2 samples

had peaks present but were below the detection threshold. These results are very similar to

the results from method 27 which used 2.5ul of sample lysate for amplification.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
No data - - -
1 0.027 0.027
E Dropout x15 loci - 139 -
3 2 0.026 0.026
< Dropout x15 loci - 122 -
[
=
3 0.014 0.014
No data - - -
Dropout x14 loci - 142 -
4 0.014 0.014
Dropout x14 loci - 122 -
Average: 0.020 0.020 131 -

D19 VWA | TPOX D18
1 13,15 3218.’2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 20,21
1 13,15 3218.’2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 20,21
2 12,13 28,28 11,12 12,12 16, 18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
2 12,13 28,28 11,12 12,12 16, 18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
4 13,13 27,29 9,11 10, 12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 22,22
4 13,13 27,29 9,11 10, 12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.

NIJ Cooperative Agreement 2009-DN-BX-K160

Page 56 of 93



This document is a research report submitted to the U.S. Department of Justice. This report has not been published by the Department. Opinions or
points of view expressed are those of the author and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

Study 5

Study 4 demonstrated that using a decreased amount of DNA template during
amplification did not produce the desired results. In study 5 we evaluated the effects of
increasing the amount of DNA template used during the amplification step. Quantitation
results multiple samples previously analyzed showed small amounts of amplifiable DNA
present. By increasing the amount of DNA template used during amplification, the intent
behind study 5 is to increase the amount of DNA amplified without causing preferential
amplification effects or artifacts. Six different lysing methods were used for study 5 (see Table

6). Four samples previously lysed were analyzed for each method tested. All samples were

amplified using 5.0ul of sample lysate, and were injected on the 3130 Genetic analyzer twice at

10 seconds.
Table 6: Lysing methods used for Study 5
Method Swab Head Lysing Solution Lysis Solution Lysing Lysing Time
Size Volume (pl) Temp. (°C) (minutes)

22c Medium TE™® 200 95 60
23c Medium TE™® 300 95 60
24c Medium TE™® 400 95 60
25¢ Small TE™® 200 95 60
26¢ Small TE™® 300 95 60
27c Small TE™® 400 95 60

Study 5 demonstrated that increasing the amount of DNA template during amplification
will increase the amount of DNA detected, thus producing a more complete profile. However,
it was clear that targeting an amplification range greater than ~0.3ng will significantly increase
the chances of achieving the desired results (full DNA profile with no artifacts). This may have
been better demonstrated by using 5.0ul of sample lysate on the samples previously extracted
in methods 13, 16, and 18 (best methods tested thus far). However, due to an oversight by the

laboratory, these methods were not tested in this research study.
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Method 22c
Sample lysate from method 22 was used for this study. One sample produced a full DNA

profile, while the other three samples all had dropout. These results were similar to the results

from method 22 which used 2.5ul of sample lysate for amplification. This is likely attributed to

the amplification target volume still being less than desired (0.080ng average).

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
Bad injection - -
1 0.005 0.023
Dropout x13 loci 155 72.08%
ﬁ OK 592 86.40%
3 2 0.020 0.100
£ oK 537 86.65%
[}
=
Dropout x6 loci 242 81.06%
3 0.007 0.037
Dropout x6 loci 237 81.61%
Dropout x2 loci 356 80.66%
4 0.032 0.160
Dropout x2 loci 347 81.82%
Average: 0.016 0.080 352 81.47%
D19 VWA | TPOX D18
1 13,15 3218'2 10,11 11,13 16,16 9.3,9.3 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample.
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Method 23c
Sample lysate from method 23 was used for this study. One sample produced a full DNA

profile, while the other three samples all had dropout. These results were similar to the results

from method 23 which used 2.5ul of sample lysate for amplification. This is likely attributed to

the amplification target volume still being less than desired (0.141ng average).

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
Dropout x14 loci - 125 85.27%
1 0.004 0.021
Dropout x14 loci - 124 82.84%
O
bl OK - 482 85.49%
3 2 0.052 0.259
< OK - 476 85.93%
[
=
Dropout x3 loci - 392 90.81%
3 0.028 0.139
Dropout x3 loci - 405 90.88%
Dropout x1 locus - 472 77.11%
4 0.029 0.146
Dropout x1 locus - 448 77.01%
Average: 0.028 0.141 366 84.42%
D19 VWA | TPOX | D18
1 13,15 3218'2 10,11 11,13 16, 16 9.3,9.3 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
1 13,15 3218'2 10,11 11,13 16, 16 9.3,9.3 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, ¥ 11,11 | 22,22
4q 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, ¥ 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.

NIJ Cooperative Agreement 2009-DN-BX-K160

Page 59 of 93




This document is a research report submitted to the U.S. Department of Justice. This report has not been published by the Department. Opinions or
points of view expressed are those of the author and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

Method 24c
Sample lysate from method 24 was used for this study. One sample produced a full DNA

profile, two samples had dropout, and one sample had peaks present but all were below the

detection threshold. These results were slightly better than the results from method 24 which

used 2.5ul of sample lysate for amplification.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
No data (peaks below threshold) - -
1 0.005 0.025
No data (peaks below threshold) - -
ﬁ Dropout x5 loci 220 79.23%
3 2 0.088 0.440
< Dropout x5 loci 212 78.32%
[}
=
Dropout x14 loci 118 -
3 0.012 0.059
Dropout x14 loci 125 -
OK 454 82.68%
4 0.041 0.207
oK 427 82.25%
Average: 0.037 0.183 259 80.62%
D19 VWA | TPOX D18
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 3218’2 10,11 11,13 16, 16 9.3,9.3 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4q 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample.
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Method 25c
Sample lysate from method 25 was used for this study. All four samples had dropout. These

results were similar to the results from method 25 which used 2.5ul of sample lysate for

amplification. This is likely attributed to the amplification target volume still being less than

desired (0.032ng average).

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
Dropout x11 loci 146 70.90%
1 0.003 0.017
Dropout x13 loci 135 53.24%
ﬁ Dropout x4 loci 219 84.00%
3 2 0.009 0.044
< Dropout x5 loci 204 86.00%
[}
=
Dropout x12 loci 170 88.76%
3 0.006 0.028
Dropout x12 loci 170 62.40%
Dropout x6 loci 204 65.93%
4 0.008 0.041
Dropout x6 loci 196 82.10%
Average: 0.006 0.032 181 74.17%
D19 | vWA | TPOX | D18
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 26¢
Sample lysate from method 26 was used for this study. One sample produced a full DNA

profile, while the other three samples all had dropout. These results were similar to the results

from method 26 which used 2.5ul of sample lysate for amplification. This is likely attributed to

the amplification target volume still being less than desired (0.159ng average).

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
Dropout x6 loci 169 88.17%
1 0.006 0.028
Dropout x7 loci 163 87.06%
§ oK 599 88.48%
3 2 0.092 0.461
% OK 557 88.38%
=
Dropout x8 loci 180 83.23%
3 0.017 0.084
Dropout x8 loci 163 78.45%
Dropout x5 loci 188 80.88%
4 0.012 0.062
Dropout x5 loci 197 80.45%
Average: 0.032 0.159 277 84.39%

D19 VWA | TPOX D18
1 13,15 3218.'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
1 13,15 323'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 14,15 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 16,17 8,11 12,12 X, X 11,11 | 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 16,17 8,11 12,12 X, X 11,11 | 21,22
4q 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 27c
Sample lysate from method 27 was used for this study. Three samples had dropout and one

sample had peaks present, but all were below the detection threshold. These results were

similar to the results from method 27 which used 2.5ul of sample lysate for amplification. This

is likely attributed to the amplification target volume still being less than desired (0.100ng

average).
Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/p)
No data (peaks below threshold) - - -
1 0.027 0.133
No data (peaks below threshold) - - -
E Dropout x13 loci - 148 90.32%
3 2 0.026 0.129
£ Dropout x13 loci - 140 93.75%
[
=
Dropout x15 loci - 180 -
3 0.014 0.072
Dropout x15 loci - 177 -
Dropout x8 loci - 166 74.76%
4 0.014 0.068
Dropout x10 loci - 153 84.10%
Average: 0.020 0.100 161 85.73%
D19 VWA | TPOX D18
1 13,15 3218'2 10,11 11,13 16, 16 9.3,9.3 11,12 11,12 19, 22 14,15 15,17 10,11 15,19 XY 11,12 20,21
1 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 | 11,12 | 19,22 14,15 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
2 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 | 23,23 13,16 | 15,15 8,8 13,16 X, X 12,13 | 21,23
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 21,22
3 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
4 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 13,13 | 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22

Note: This table lists the expected profile for each sample.
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Study 6

Thus far, we have explored using different lysing temperatures, different lysing times,
various lysing reagents, various sizes of swab heads, and amplifying various amounts of
template DNA. At this point in the research study, no additional new methods were attempted.
After calculating and comparing data from studies 1 though 5, the best 3 methods were
selected. Study 6 will test 10 new samples lysed under the same conditions as methods 13, 16,
and 18 (see Table 7). By testing 10 samples instead of the previous 4, data from a larger
sampling pool can be examined and compared. All samples were amplified using 2.5ul of

sample lysate, and were injected on the 3130 Genetic analyzer twice at 10 seconds.

Table 7: Lysing methods used for Study 6
Method Swab Head Lysing Solution Lysis Solution Lysing Lysing Time
Size Volume () Temp. (°C) (minutes)
13 Large TE™ 200 95 60
16 Large T.E? 300 95 60
18 Large T.E? 400 95 60

Method 13 (x10 samples)

From the 10 samples analyzed, full DNA profiles were obtained from 6 samples, with the other
4 samples containing dropout. 2 of the samples exhibited off scale data on the 3130, which
caused bad peak morphology. If these samples had been injected on the 3730 DNA Analyzer
(which has a much higher off scale limit) the peak morphology could have been much better. It
is also believed that if these samples were amplified using a higher template volume (perhaps
5.0ul of sample lysate) and injected on a 3730 DNA Analyzer, better results may have been

obtained. Additional research in these areas is highly encouraged.
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Sample Quant Amp Results Artifacts Average Average
# Yield target RFU PHR
(ng/pl) (ng)
Dropout x12 loci - 167 92.11%
1 0.080 0.200 -
Dropout x12 loci - 163 89.86%
Dropout x3 loci - 285 79.84%
2 0.034 0.085 -
Dropout x3 loci - 273 80.99%
Dropout x5 loci - 371 67.99%
3 0.047 0.119 -
Dropout x5 loci - 375 67.32%
Bad peak morphology Yes 4687 81.13%
4 2.910 7.28
o Bad peak morphology Yes 5378 85.93%
= OK - 1019 88.68%
< 5 0.734 1.84
2 OK - 955 88.20%
Dropout x6 loci - 308 88.89%
6 0.089 0.222 -
Dropout x6 loci - 305 86.06%
OK - 1618 86.69%
7 0.293 0.733
oK - 1595 86.43%
Bad peak morphology Yes 5470 90.85%
8 0.680 1.700
Bad peak morphology Yes 5399 90.10%
OK - 1239 81.72%
9 0.149 0.373
OK - 1245 81.51%
OK Yes 4108 91.58%
10 0.076 0.190
OK Yes 3999 91.76%
Average: 0.509 1.273 1948 84.88%

1 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
1 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
2 12,13 28,31 8,9 10,11 15,18 | 9.3,9.3 9,11 12,13 16,18 14,16 17,20 | 11,12 14,16 X, X 11,12 | 20,25
2 12,13 28,31 8,9 10,11 15,18 | 9.3,9.3 9,11 12,13 16,18 14,16 17,20 | 11,12 14,16 X, X 11,12 | 20,25
3 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
3 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 14,14 28,28 10,12 10,11 15,17 7,93 8,12 9,12 20,21 1144'2 17,18 8,8 12,14 X, Y 10,11 | 22,24
4 14,14 28,28 10,12 10,11 15,17 7,93 8,12 9,12 20,21 11;'2 17,18 8,8 12,14 X, Y 10,11 | 22,24
5 13,15 30,31 10,11 9,11 15,17 6,6 12,12 12,13 18,22 13,14 | 14,14 8,11 13,17 X, Y 10,11 | 22,24
5 13,15 30,31 10,11 9,11 15,17 6,6 12,12 12,13 18,22 13,14 | 14,14 8,11 13,17 X, Y 10,11 | 22,24
6 10,13 :10'2 8,8 12,12 16,16 6,9 10,11 12,13 20,24 | 13,15 16,16 8,11 14,15 X, X 12,12 | 18,21
6 10,13 :’10'2 8,8 12,12 16,16 6,9 10,11 12,13 20,24 | 13,15 16,16 8,11 14,15 X, X 12,12 | 18,21
7 10,13 3228'2 8,10 10,12 15,18 6,9.3 8,12 11,13 17,19 14,15 17,17 8,12 14,18 X, X 9,11 20,21
7 10,13 3228'2 8,10 10,12 15,18 6,9.3 8,12 11,13 17,19 14,15 17,17 8,12 14,18 X, X 9,11 20,21
8 9,14 32,35 9,9 8,11 16,18 7,93 10,11 9,13 19,22 11,12 17,21 8,9 15,17 X, X 13,13 | 23,24
8 9,14 32,35 9,9 8,11 16,18 7,93 10,11 9,13 19,22 11,12 17,21 8,9 15,17 X, X 13,13 | 23,24
9 10,13 28,30 8,11 12,13 16,16 6,9.3 10,12 11,12 20,22 14,15 15,16 10,11 15,19 X, X 11,12 | 18,21
9 10,13 28,30 8,11 12,13 16,16 6,9.3 10,12 11,12 20,22 14,15 15,16 10,11 15,19 X, X 11,12 | 18,21
10 | 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21
10 | 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 16 (x10 samples)

From the 10 samples analyzed, full DNA profiles were obtained from 7 samples, with 2 samples

showing dropout and 1 sample with peaks present, but all below the peak detection threshold.

1 of the samples exhibited off scale data on the 3130, which caused bad peak morphology. If

this sample had been injected on the 3730 DNA Analyzer (which has a much higher off scale

limit) the peak morphology could have been much better. It is also believed that if these

samples were amplified using a higher template volume (perhaps 5.0ul of sample lysate) and

injected on a 3730 DNA Analyzer, better results may have been obtained. Additional research

in these areas is highly encouraged.

Based on these results, method 16 proved to be the best combination of all 42 previous

methods tested, and was used in Study 7 for the side-by-side comparison to FTA® samples.

Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
oK - 836 86.04%
1 0.336 0.840
Dropout x1 locus - 803 86.96%
Dropout x7 loci - 210 79.27%
2 0.018 0.046
Dropout x7 loci - 203 79.18%
Dropout x11 loci - 210 82.89%
3 0.047 0.117
Dropout x11 loci - 207 87.04%
Bad peak morphology Yes 5706 87.30%
4 2.070 5.175
Bad peak morphology Yes 5821 87.39%
(-]
s oK - 3155 89.54%
2 5 0.967 2.418
g oK - 2906 89.28%
No data (peaks below threshold) - - -
6 0.008 0.020
No data (peaks below threshold) - - -
oK - 764 79.43%
7 0.118 0.295
oK - 804 79.27%
oK - 2786 89.45%
8 0.216 0.540
OK - 2675 89.18%
oK - 767 87.21%
9 0.063 0.158
OK - 759 87.65%
OK - 2805 80.99%
10 0.036 0.089
oK - 2911 81.23%
Average: 0.388 0.970 1907 84.91%
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1 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 | 21,22
1 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 19,24 13,14 16,17 8,11 12,12 X, X 11,11 | 21,22
2 12,13 28,31 8,9 10,11 15,18 | 9.3,9.3 9,11 12,13 16,18 14,16 17,20 11,12 14,16 X, X 11,12 | 20,25
2 12,13 28,31 8,9 10,11 15,18 | 9.3,9.3 9,11 12,13 16,18 14,16 17,20 11,12 14,16 X, X 11,12 | 20,25
3 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 X, Y 11,11 | 22,22
3 13,13 27,29 9,11 10,12 14,16 7,9.3 11,14 9,11 19,23 12,14 16,17 8,9 15,17 XY 11,11 | 22,22
4 14,14 28,28 10,12 10,11 15,17 7,93 8,12 9,12 20,21 1144'2 17,18 8,8 12,14 X, ¥ 10,11 | 22,24
4 14,14 28,28 10,12 10,11 15,17 7,93 8,12 9,12 20,21 11:'2 17,18 8,8 12,14 X, Y 10,11 | 22,24
5 13,15 30,31 10,11 9,11 15,17 6,6 12,12 12,13 18,22 13,14 14,14 8,11 13,17 X, ¥ 10,11 | 22,24
5 13,15 30,31 10,11 9,11 15,17 6,6 12,12 12,13 18,22 13,14 14,14 8,11 13,17 X, ¥ 10,11 | 22,24
6 10,13 3310'2 8,8 12,12 16,16 6,9 10,11 12,13 20,24 13,15 16,16 8,11 14,15 X, X 12,12 | 18,21
6 10,13 3310'2 8,8 12,12 16,16 6,9 10,11 12,13 20,24 13,15 16,16 8,11 14,15 X, X 12,12 | 18,21
7 10,13 3228'2 8,10 10,12 15,18 6,9.3 8,12 11,13 17,19 14,15 17,17 8,12 14,18 X, X 9,11 20,21
7 10,13 3228'2 8,10 10,12 15,18 6,9.3 8,12 11,13 17,19 14,15 17,17 8,12 14,18 X, X 9,11 20,21
8 9,14 32,35 9,9 8,11 16,18 7,93 10,11 9,13 19,22 11,12 17,21 8,9 15,17 X, X 13,13 | 23,24
8 9,14 32,35 9,9 8,11 16,18 7,93 10,11 9,13 19,22 11,12 17,21 8,9 15,17 X, X 13,13 | 23,24
9 10,13 28,30 8,11 12,13 16,16 6,9.3 10,12 11,12 20,22 14,15 15,16 10,11 15,19 X, X 11,12 | 18,21
9 10,13 28,30 8,11 12,13 16,16 6,9.3 10,12 11,12 20,22 14,15 15,16 10,11 15,19 X, X 11,12 | 18,21
10 | 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, ¥ 11,12 | 20,21
10 | 13,15 3218'2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 | 20,21

Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.

Method 18 (x10 samples)

From the 10 samples analyzed, full DNA profiles were obtained from 4 samples, with the other
6 samples containing dropout. 1 of the samples exhibited off scale data on the 3130, which
caused bad peak morphology. If this sample had been injected on the 3730 DNA Analyzer
(which has a much higher off scale limit) the peak morphology could have been much better. It
is also believed that if these samples were amplified using a higher template volume (perhaps
5.0ul of sample lysate) and injected on a 3730 DNA Analyzer, better results may have been

obtained. Additional research in these areas is highly encouraged.
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Sample Quant Amp Results Artifacts Average Average
# Yield target (ng) RFU PHR
(ng/pl)
Dropout x1 locus - 855 82.52%
1 0.366 0.915
Dropout x1 locus - 825 83.30%
Dropout x4 loci - 327 75.20%
2 0.066 0.165 -
Dropout x4 loci - 334 74.75%
Dropout x2 loci - 931 80.77%
3 0.088 0.221 -
Dropout x2 loci - 924 81.20%
Dropout x3 loci Yes 3801 77.35%
4 1.560 3.900 -
® Dropout x3 loci Yes 3697 77.16%
3 OK Yes 6001 93.80%
£ 5 0.667 1.668
g OK Yes 5850 93.83%
Dropout x10 loci - 196 66.04%
6 0.008 0.020 -
Dropout x8 loci - 195 82.40%
oK - 1555 86.99%
7 0.522 1.305
OK - 1504 86.83%
OK - 2086 87.88%
8 0.125 0.313
oK - 1937 88.11%
Bad peak morphology Yes 5243 88.91%
9 0.064 0.160
Bad peak morphology Yes 5067 89.19%
Dropout x1 locus - 1793 81.82%
10 0.037 0.092
Dropout x1 locus - 1762 80.95%
Average: 2244 82.95%
1 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
1 10,12 27,29 7,11 12,12 16,17 6,7 8,11 13,14 | 19,24 | 13,14 | 16,17 8,11 12,12 X, X 11,11 | 21,22
2 12,13 28,31 8,9 10,11 15,18 | 93,93 9,11 12,13 | 16,18 | 14,16 17,20 | 11,12 14,16 X, X 11,12 | 20,25
2 12,13 28,31 8,9 10,11 15,18 | 93,93 9,11 12,13 | 16,18 | 14,16 17,20 | 11,12 14,16 X, X 11,12 | 20,25
3 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 | 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
3 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 | 12,14 | 16,17 8,9 15,17 X, Y 11,11 | 22,22
4 14,14 28,28 10,12 10,11 15,17 7,93 8,12 9,12 20,21 11:'2 17,18 8,8 12,14 X, Y 10,11 | 22,24
4q 14,14 28,28 10,12 10,11 15,17 7,93 8,12 9,12 20,21 11:'2 17,18 8,8 12,14 X, Y 10,11 | 22,24
5 13,15 30,31 10,11 9,11 15,17 6,6 12,12 12,13 | 18,22 | 13,14 | 14,14 8,11 13,17 X, Y 10,11 | 22,24
5 13,15 30,31 10,11 9,11 15,17 6,6 12,12 12,13 | 18,22 | 13,14 | 14,14 8,11 13,17 X, Y 10,11 | 22,24
6 10,13 3310'2 8,8 12,12 16,16 6,9 10,11 12,13 20,24 | 13,15 16,16 8,11 14,15 X, X 12,12 | 18,21
6 10,13 3310'2 8,8 12,12 16,16 6,9 10,11 12,13 20,24 | 13,15 16,16 8,11 14,15 X, X 12,12 | 18,21
7 10,13 3228'2 8,10 10,12 15,18 6,9.3 8,12 11,13 | 17,19 | 14,15 17,17 8,12 14,18 X, X 9,11 20,21
7 10,13 3228'2 8,10 10,12 15,18 6,9.3 8,12 11,13 | 17,19 | 14,15 17,17 8,12 14,18 X, X 9,11 20,21
8 9,14 32,35 9,9 8,11 16,18 7,93 10,11 9,13 19,22 | 11,12 17,21 8,9 15,17 X, X 13,13 | 23,24
8 9,14 32,35 9,9 8,11 16,18 7,93 10,11 9,13 19,22 | 11,12 17,21 8,9 15,17 X, X 13,13 | 23,24
9 10,13 28,30 8,11 12,13 16,16 6,9.3 10,12 11,12 | 20,22 | 14,15 15,16 | 10,11 15,19 X, X 11,12 | 18,21
9 10,13 28,30 8,11 12,13 16,16 6,9.3 10,12 11,12 | 20,22 | 14,15 15,16 | 10,11 15,19 X, X 11,12 | 18,21
10 | 13,15 3218’2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 | 14,15 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
10 | 13,15 3218’2 10,11 11,13 16,16 | 93,93 | 11,12 11,12 | 19,22 | 14,15 15,17 | 10,11 15,19 X, Y 11,12 | 20,21
Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Study 7

The data from study 6 was carefully examined and compared. Taking all factors into
account (full profile obtained, artifacts present, overall peak heights and peak height ratios), it
was decided that method 16 gave the best overall data. Study 7 will test 24 new samples lysed

under the same conditions as methods 16.

24 new buccal swabs were lysed under the same conditions as method 16 (see table 3).
2.5ul of sample lysate was combined with 25ul of the Identifiler® Direct Reaction Mix in each
sample well. The plate was amplified at 28 cycles on a single well 9700 thermalcycler following
the recommended PCR cycling conditions as outlined in Table 1. The samples were prepared
for genetic analysis by combining 1ul of amplified DNA template to 9ul of a formamide/size
standard mixture, and injected on the 3130 Genetic Analyzer and the 3730 DNA Analyzer once
at 5 and once at 10 seconds. The same genetic analysis plate was used for both instrument

types to eliminate any variables that may be caused during sample setup.

In addition to the buccal samples, 24 new FTA® cards were analyzed for comparison
purposes to the swab samples. Following the Identifiler® Direct kit procedures, a single 1.2mm
punch was taken from each FTA® sample and placed into a 96-well PCR plate. 25ul of the
Identifiler® Direct Reaction Mix was added to the sample wells, and the plate was amplified at
28 cycles on a single well 9700 thermalcycler following the recommended PCR cycling
conditions as outlined in Table 1. The samples were prepared for genetic analysis by combining
1ul of amplified DNA template to 9ul of a formamide/size standard mixture, and injected on the
3130 Genetic Analyzer and the 3730 DNA Analyzer once at 5 and once at 10 seconds. The same
genetic analysis plate was used for both instrument types to eliminate any variables caused by

sample setup.

To simulate an actual collection facility and to remove any potential sample collection
bias, the 24 known samples (swabs and FTA® cards) were collected by the donor themselves.
Instructions were given to the group of donors on how to collect the two types of buccal

samples, but no hands-on influence was provided.
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Method 16 (x24 samples) 3130 Genetic Analyzer
As previously mentioned, these samples were injected at both 5 and 10 seconds. This is similar

to how samples are analyzed in the OSBI’s CODIS Unit. If the data from the 5 second injection
produces a good DNA profile, the 10 second injection is not analyzed. In contrast, if the data
from the 5 second injection does not produce a good DNA profile, the 10 second injection can

be used. The results below only depict the better of the two injections.

Sample Quant Amp Results Injection Artifacts Average Average
# Yield target (ng) Time RFU PHR
(ng/ul) (seconds)
1 0.075 0.189 OK 5 261 82.56%
2 0.206 0.515 Dropout x 1 locus 10 732 83.44%
3 0.660 1.650 OK 5 Yes 3091 86.81%
4 0.403 1.008 OK 10 2115 89.32%
5 0.196 0.490 Dropout x 2 loci 10 446 83.89%
6 0.481 1.203 OK 5 1848 88.27%
7 0.289 0.723 OK 10 2963 90.77%
= 8 0.050 0.126 Dropout x 4 loci 10 295 81.18%
N
E 9 1.770 4.425 OK 5 2769 87.04%
% 10 0.046 0.115 OK 5 703 89.08%
§ 11 0.262 0.655 OK 5 1820 87.72%
g 12 0.122 0.305 Dropout x 4 loci 10 490 85.32%
g. 13 0.735 1.838 OK 5 506 85.98%
g 14 0.496 1.240 OK 5 743 80.33%
g 15 1.000 2.500 OK 5 Yes 3725 90.99%
E 16 0.020 0.050 No data 10 - -
g 17 1.580 3.950 OK 5 Yes 3987 88.38%
18 0.178 0.445 Dropout x 3 loci 10 754 84.94%
19 0.162 0.405 Dropout x 1 locus 10 921 77.09%
20 0.997 2.493 OK 5 Yes 2852 88.26%
21 0.719 1.798 OK 5 889 88.93%
22 0.360 0.900 OK 5 374 79.40%
23 0.088 0.221 Dropout x 5 loci 10 315 78.84%
24 0.058 0.145 Dropout x 4 loci 10 397 80.10%
Average: 0.456 1.141 1435 85.16%
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D19 | vwA | TPOX | D18
1 13,13 29,30 10,11 10,12 17,17 | 93,93 10,13 11,12 18,19 13,14 16, 16 8,8 12,16 X, Y 11,13 20,21
2 10, 14 3228'2 10,12 10, 10 15,19 6,9 11,12 11,11 17,17 1];13’2 15,16 10,11 12,13 X, X 11,13 20, 26
3 12,14 3239'2 8,11 10,11 14,16 6,9.3 11,12 12,13 17,24 13,14 16,17 8,8 14,15 X, X 11,12 21,24
4 11,13 ;0'2 10,11 11,12 14,14 6,9.3 11,14 12,13 17,24 13,14 17,19 8,8 14,17 X, Y 11,12 2221'2
5 13,13 29, 8,10 9,11 14, 16 6,7 8,12 9,12 19, 22 144, 18,19 8,9 14, 15 X, X 11,12 19,24
3 110 ’ , , , , , , 103 , , , , , ,
6 11,13 332322' 9,11 10,11 15,16 6,9.3 8,11 11,13 19,22 14,15 14,18 10,11 15,17 XY 11,11 22,23
7 10,12 28,30 9,11 10,11 16,17 8,9.3 11,12 11,12 24,26 13,15 16,19 8,11 14,15 X, X 9,10 22,23
8 11,13 30,31 9,9 11,12 15,16 9,9.3 11,13 10,12 16,18 14,14 18,19 8,8 12,16 X, X 11,12 2232'2
9 14,15 28,31 9,9 11,11 15,16 6,9.3 10,11 10,11 17,18 13,15 19,19 8,8 11,15 X, Y 11,12 21,21
10 11,13 30,33 10,12 11,12 17,18 6,8 11,11 11,12 19,20 14,15 16,18 8,8 13,17 X, X 10,11 21,25
11 12,13 31,31 11,11 12,13 17,18 6,9.3 10,14 9,11 24,25 14,14 15,19 8,11 15,17 X, X 9,12 19,21
12 11,13 3219'2 10, 10 11,12 16,17 6,7 8,12 9,13 19,24 13,14 14,18 8,11 17,23 X, X 10,11 21,21
13 14,16 3321'2 10,12 11,12 16,18 6,8 11,11 11,13 17,19 14,15 14,19 8,8 12,12 X, X 12,12 21,23
14 12,12 2322' 8,12 12,12 14,15 9.3,10 9,11 11,13 17,26 1142'2 13,16 8,11 12,16 X, Y 12,12 22,22
14,
15 14,14 28,28 10,12 10,11 15,17 7,93 8,12 9,12 20,21 122 17,18 8,8 12,14 X, Y 10,11 22,24
16 13,15 3218'2 10,11 11,13 16, 16 9.3,9.3 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 20,21
17 10,13 3228'2 8,10 10,12 15,18 6,9.3 8,12 11,13 17,19 14,15 17,17 8,12 14,18 X, X 9,11 20,21
18 11,12 28,30 11,12 10,11 14,15 9,9.3 11,12 11,11 20,23 14,15 14,18 8,11 12,13 X, Y 10,13 25,25
19 12,15 28,31 8,8 11,12 17,17 6,9.3 11,11 12,13 17,17 13,13 17,17 8,8 14,16 X, X 10,11 22,23
20 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 XY 11,11 22,22
21 10,14 29,31 10,12 10,12 18,18 9,9 9,12 11,14 17,18 13,16 18,19 8,11 17,19 XY 11,12 21,25
22 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
23 12,13 28,31 8,9 10,11 15,18 | 93,93 9,11 12,13 16,18 14,16 17,20 11,12 14,16 X, X 11,12 20,25
24 12,13 28,31 9,12 11,11 15,15 7,9.3 9,12 12,12 16,19 14,16 16, 20 9,12 14,19 XY 11,12 20, 22
Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 16 (x24 samples), 3130 Genetic Analyzer, Sample #4, Injection 2 of 2 (10 seconds)

Sample File Sample Name Panel
4-TE-300 95-60 25 D02 004 JDL 2 fsa |4-TE-300 9560 2.5 | IdentifilerDirect 55500 Panels vi
[ Das1179 I D21511 | D75820 | | CSFIPO |
100 150 200 250 300 350
1200
o T 11 =1
1 30 10 11
2053 1280 2351 543
1 1 1
13 302 11 12
1773 2229 2455 583
4-TE-300 _95-60 2.5 D02 004 JDL.2fsa | 4-TE-300_95-60 2.5 | IdentifilerDirect_GS500_Panels_w1 |
[ D351358 | | THO1 I 0135317 Il D165539 | 0251338 |
100 150 200 250 ang 350
2400
I| A rl IHL nA
o T T T T T 1 T
14 ] 03 11 14 12 17
4454 558 a10 2711 2606 866 e
L]
13
BEG
4.-TE-300 95-60 25 D02 004 JOL 2 fsa |4-TE—3[JD 95-60 2 5 |Identiﬁ|erDir‘ect GS500 Panels vi
[ D195433 || WWYA | [ TPOX. ] | D18551 |
100 . 150 . 200 . 250 . 300 . 350
1600 h J\
0 g e e Jl“ T T
13 17 B 14 17
2464 2901 624 1619 1488
T
14 12
2480 2890
4 TE-300 9560 25 D02 004 JOL 2 fsa [4-TE-300_8560 25 [IdentifilerDirect_G5500_Fanels_vi |
=/ D55618 | I FGA ]
100 150 200 280 300 380
} } } } } H
2900 ‘ ’
Jl | |L_|| ’I l|
o T =T )
X 11 2
2478 5197 2636
1
T 12 227
il 4035 2501
4-TE-300 95-60 2.5 D02 004 JDL.2 fsa [4-TE-300_95-60 2.5 [ IdentifilerDirect_G5500_Panels_v1
100 150 200 250 300 350
| 1 1 1 1 1 | 1 1 1
1100
o
100.0 1380 1600 200.0 24667 300.0 3400
1500 3500
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FTA® (x24 samples)

3130 Genetic Analyzer

Quantitation cannot be performed using this method, so the average DNA yield and average

amplification target range cannot be determined. These samples were injected at both 5 and

10 seconds. The results below only depict the better of the two injections.

Sample Quant Amp Results Injection Artifacts Average Average
# Yield target (ng) Time RFU PHR
(ng/ul) (seconds)

1 n/a Unknown OK 5 1206 88.72%

2 n/a Unknown OK 5 Yes 4181 89.03%

3 n/a Unknown Bad peak morphology 5 Yes 6556 89.94%

4 n/a Unknown OK 5 Yes 3350 90.06%

5 n/a Unknown OK 5 1399 91.16%

6 n/a Unknown OK 5 3092 91.57%

7 n/a Unknown OK 5 Yes 2900 90.09%

. 8 n/a Unknown OK 5 1412 86.00%

% 9 n/a Unknown OK 5 1235 88.50%

% 10 n/a Unknown OK 5 Yes 2064 85.41%

g 11 n/a Unknown OK 5 Yes 3399 84.39%

; 12 n/a Unknown OK 5 1610 83.09%

—i- 13 n/a Unknown OK 5 1208 83.98%

é‘ 14 n/a Unknown OK 5 1870 90.16%

g 15 n/a Unknown OK 5 Yes 2889 86.39%

g 16 n/a Unknown OK 5 2601 88.36%

- 17 n/a Unknown Bad peak morphology 5 Yes 4980 82.50%

18 n/a Unknown OK 5 Yes 4406 87.98%

19 n/a Unknown Unexplained peak 5 Yes 2955 84.84%

20 n/a Unknown OK 5 Yes 2988 86.56%

21 n/a Unknown OK 5 Yes 4320 88.34%

22 n/a Unknown OK 5 1592 84.93%

23 n/a Unknown OK 5 Yes 1918 83.42%

24 n/a Unknown OK 5 Yes 3927 87.02%

Average: 2836 87.19%
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D19 | vwA | TPOX | D18
1 13,13 29,30 10,11 10,12 17,17 | 93,93 10,13 11,12 18,19 13,14 16, 16 8,8 12,16 X, Y 11,13 20,21
2 10,14 3228'2 10,12 10, 10 15,19 6,9 11,12 11,11 17,17 1];13’2 15,16 10,11 12,13 X, X 11,13 20, 26
3 12,14 3239'2 8,11 10,11 14,16 6,9.3 11,12 12,13 17,24 13,14 16,17 8,8 14,15 X, X 11,12 21,24
4 11,13 ;0'2 10,11 11,12 14,14 6,9.3 11,14 12,13 17,24 13,14 17,19 8,8 14,17 X, Y 11,12 2221'2
5 13,13 29, 8,10 9,11 14, 16 6,7 8,12 9,12 19, 22 144, 18,19 8,9 14, 15 X, X 11,12 19,24
3 110 ’ , , , , , , 103 , , , , , ,
6 11,13 332322' 9,11 10,11 15,16 6,9.3 8,11 11,13 19,22 14,15 14,18 10,11 15,17 XY 11,11 22,23
7 10,12 28,30 9,11 10,11 16,17 8,9.3 11,12 11,12 24,26 13,15 16,19 8,11 14,15 X, X 9,10 22,23
8 11,13 30,31 9,9 11,12 15,16 9,9.3 11,13 10,12 16,18 14,14 18,19 8,8 12,16 X, X 11,12 2232'2
9 14,15 28,31 9,9 11,11 15,16 6,9.3 10,11 10,11 17,18 13,15 19,19 8,8 11,15 X, Y 11,12 21,21
10 11,13 30,33 10,12 11,12 17,18 6,8 11,11 11,12 19,20 14,15 16,18 8,8 13,17 X, X 10,11 21,25
11 12,13 31,31 11,11 12,13 17,18 6,9.3 10,14 9,11 24,25 14,14 15,19 8,11 15,17 X, X 9,12 19,21
12 11,13 3219'2 10, 10 11,12 16,17 6,7 8,12 9,13 19,24 13,14 14,18 8,11 17,23 X, X 10,11 21,21
13 14,16 3321'2 10,12 11,12 16,18 6,8 11,11 11,13 17,19 14,15 14,19 8,8 12,12 X, X 12,12 21,23
14 12,12 2322' 8,12 12,12 14,15 9.3,10 9,11 11,13 17,26 1142'2 13,16 8,11 12,16 X, Y 12,12 22,22
14,
15 14,14 28,28 10,12 10,11 15,17 7,93 8,12 9,12 20,21 122 17,18 8,8 12,14 X, Y 10,11 22,24
16 13,15 3218'2 10,11 11,13 16, 16 93,93 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
17 10,13 3228'2 8,10 10,12 15,18 6,9.3 8,12 11,13 17,19 14,15 17,17 8,12 14,18 X, X 9,11 20,21
18 11,12 28,30 11,12 10,11 14,15 9,9.3 11,12 11,11 20,23 14,15 14,18 8,11 12,13 X, Y 10,13 25,25
19 12,15 28,31 8,8 11,12 17,17 6,9.3 11,11 12,13 17,17 13,13 17,17 8,8 14,16 X, X 10,11 22,23
20 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 XY 11,11 22,22
21 10,14 29,31 10,12 10,12 18,18 9,9 9,12 11,14 17,18 13,16 18,19 8,11 17,19 XY 11,12 21,25
22 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
23 12,13 28,31 8,9 10,11 15,18 | 93,93 9,11 12,13 16,18 14,16 17,20 11,12 14,16 X, X 11,12 20,25
24 12,13 28,31 9,12 11,11 15,15 7,93 9,12 12,12 16,19 14,16 16, 20 9,12 14,19 XY 11,12 20, 22
Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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FTA (x24 samples), 3130 Genetic Analyzer, Sample #4, Injection 1 of 2 (5 seconds)

Sample File Sample Mame Panel
FTA-4 D07 004 JDL fsa |FTA-4 | IdentifilerDirect_GS500 Panels w1
[ DBS1178 Il D21511 | D75820 | | CSF1PO |
100 150 200 250 300 350
4100
o . L‘ T J.:L‘I‘ll fI"'JII“‘
11 30 10 11
a8 3N 1920 1838
1 1 1
13 302 11 12
5080 3170 1747 1526
FTA-4 D07 004 JDL fea | FTA-4 | IdentifilerDirect GS500 Panels w1
| D351358 ] THO1 1 D135317 I D165539 | | D251338 |
100 150 200 250 300 350
4300 ” ,
| Ko
o a |I|. Illu |Il. III' T\ III _II' rl‘ "I‘
14 a3 11 14 2 7 24
E560 738 2716 3508 3011 2412 1725 132
1
13
2050
FTA-4 D07 004 JDL fsa |FI'A4 |Ider11.iﬁ|erDire-|:’t G5500 Panels vi1
[ 0195433 | VWA | | TPOX | | D18551 |
100 . 150 ) 200 . 250 . 300 350
3100 M Lh A
o g T 1 J‘Ik 'rll“
13 7 2 14 17
3065 4102 4046 2102 1784
1
14 12
3461 3768
FTA4 DO7_004 _JOL fsa [FTA% [dentifilerDirect_GS500_Panels_v1
5 D55818 ] FGA ]
100 150 E?U 250 I 300 380
3000 l | I \
|
Il | I
0 | JI..IL L
X 11 2
5564 4541 2645
1
Y 12 n3
5760 3000 2441
FTA-2 D07 004 JDL fsa [FTA4 [ IdentifilerDirect GS500 Panels w1
100 150 200 250 A0 380
1 1 | 1 1 | 1 | 1 1 1
450
0
100.00 112407 1320 150.0 200.0 2445 58 300.0 340.0
10642 119.61 160.0 350.0
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Method 16 (x24 samples)

3730 DNA Analyzer

These samples were injected at both 5 and 10 seconds. The results below only depict the

better of the two injections.

Sample Quant Amp Results Injection Artifacts Average Average
# Yield target (ng) Time RFU PHR
(ng/ul) (seconds)
1 0.075 0.189 Dropout x 1 10 299 80.35%
2 0.206 0.515 OK 10 656 84.05%
3 0.660 1.650 OK 5 1548 86.18%
4 0.403 1.008 Dropoutx 1 10 1250 92.73%
5 0.196 0.490 Dropout x 5 10 266 84.93%
6 0.481 1.203 OK 5 1614 88.81%
7 0.289 0.723 OK 5 1008 89.38%
N 8 0.050 0.126 Dropout x 8 10 170 83.03%
é‘ 9 1.770 4.425 OK 5 1792 86.39%
g 10 0.046 0.115 Dropout x 1 10 532 92.49%
g 11 0.262 0.655 OK 5 812 87.37%
% 12 0.122 0.305 Dropout x 6 10 278 87.34%
T‘E:' 13 0.735 1.838 OK 10 848 85.72%
é 14 0.496 1.240 OK 10 637 82.38%
g 15 1.000 2.500 OK 5 1607 91.50%
% 16 0.020 0.050 No Data 10 - -
= 17 1.580 3.950 OK 5 1932 87.12%
18 0.178 0.445 Dropout x 5 10 407 86.06%
19 0.162 0.405 Dropout x 4 10 549 77.23%
20 0.997 2.493 OK 5 Yes 1938 89.08%
21 0.719 1.798 OK 10 718 87.84%
22 0.360 0.900 OK 10 314 81.80%
23 0.088 0.221 Dropout x 9 10 211 85.04%
24 0.058 0.145 Dropout x 9 10 214 89.73%
Average: 0.456 1.141 852 86.37%
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D19 | vwA | TPOX | D18
1 13,13 29,30 10,11 10,12 17,17 | 93,93 10,13 11,12 18,19 13,14 16, 16 8,8 12,16 X, Y 11,13 20,21
2 10,14 3228'2 10,12 10, 10 15,19 6,9 11,12 11,11 17,17 1?'2 15,16 10,11 12,13 X, X 11,13 20, 26
3 12,14 3239'2 8,11 10,11 14,16 6,9.3 11,12 12,13 17,24 13,14 16,17 8,8 14,15 X, X 11,12 21,24
4 11,13 ;0'2 10,11 11,12 14,14 6,9.3 11,14 12,13 17,24 13,14 17,19 8,8 14,17 X, Y 11,12 2221'2
5 13,13 32:'2 8,10 9,11 14,16 6,7 8,12 9,12 19,22 11‘:'12' 18,19 8,9 14,15 X, X 11,12 19,24
6 11,13 332322' 9,11 10,11 15,16 6,9.3 8,11 11,13 19,22 14,15 14,18 10,11 15,17 XY 11,11 22,23
7 10,12 28,30 9,11 10,11 16,17 8,9.3 11,12 11,12 24,26 13,15 16,19 8,11 14,15 X, X 9,10 22,23
22,
8 11,13 30,31 9,9 11,12 15,16 9,9.3 11,13 10,12 16,18 14,14 18,19 8,8 12,16 X, X 11,12 232
9 14,15 28,31 9,9 11,11 15,16 6,9.3 10,11 10,11 17,18 13,15 19,19 8,8 11,15 X, Y 11,12 21,21
10 11,13 30,33 10,12 11,12 17,18 6,8 11,11 11,12 19,20 14,15 16,18 8,8 13,17 X, X 10,11 21,25
11 12,13 31,31 11,11 12,13 17,18 6,9.3 10,14 9,11 24,25 14,14 15,19 8,11 15,17 X, X 9,12 19,21
2!
12 11,13 3 192 10, 10 11,12 16,17 6,7 8,12 9,13 19,24 13,14 14,18 8,11 17,23 X, X 10,11 21,21
13 14,16 3321'2 10,12 11,12 16,18 6,8 11,11 11,13 17,19 14,15 14,19 8,8 12,12 X, X 12,12 21,23
14 12,12 2322' 8,12 12,12 14,15 9.3,10 9,11 11,13 17,26 1142'2 13,16 8,11 12,16 X, Y 12,12 22,22
14,
15 14,14 28,28 10,12 10,11 15,17 7,93 8,12 9,12 20,21 122 17,18 8,8 12,14 X, Y 10,11 22,24
16 13,15 3218'2 10,11 11,13 16, 16 9.3,9.3 11,12 11,12 19,22 14,15 15,17 10,11 15,19 X, Y 11,12 20,21
17 10,13 3228'2 8,10 10,12 15,18 6,9.3 8,12 11,13 17,19 14,15 17,17 8,12 14,18 X, X 9,11 20,21
18 11,12 28,30 11,12 10,11 14,15 9,9.3 11,12 11,11 20,23 14,15 14,18 8,11 12,13 X, Y 10,13 25,25
19 12,15 28,31 8,8 11,12 17,17 6,9.3 11,11 12,13 17,17 13,13 17,17 8,8 14,16 X, X 10,11 22,23
20 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 XY 11,11 22,22
21 10,14 29,31 10,12 10,12 18,18 9,9 9,12 11,14 17,18 13,16 18,19 8,11 17,19 XY 11,12 21,25
22 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
23 12,13 28,31 8,9 10,11 15,18 | 93,93 9,11 12,13 16,18 14,16 17,20 11,12 14,16 X, X 11,12 20,25
24 12,13 28,31 9,12 11,11 15,15 7,9.3 9,12 12,12 16,19 14,16 16, 20 9,12 14,19 XY 11,12 20, 22
Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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Method 16 (x24 samples), 3730 DNA Analyzer, Sample #4, Injection 2 of 2 (10 seconds)

NIJ Cooperative Agreement 2009-DN-BX-K160

Sample File Sample Mame FPanel
4-TE-300_95-60_2.5.2.fsa | 4-TE-300_95-60 25 [ IdentifilerDirect_GS500_Panels_v1
| DB51179 | D21511 | | D7S820 | ] CSF1PO |
100 150 200 280 300 350
430
0 | g | 11 ]llJl'
11 13 30 10 11
G414 515 685 T pied
1 1 1
302 11 2
&3 T4 2
4-TE-300_95-60_2.5.2.fsa [4-TE-300_95-60_25 [ IdentifilerDirect_GS500_Panels_v1 |
[ D351358 ] THO1 | [ D135317 I D165539 ] | D251338 |
100 150 Z00 250 300 350
1200 | ' F
I [l ) \
0 it } : e = (
14 4] 03 11 14 12 17
1045 337 356 1680 1602 548 206
1
13
558
4 TE-200 9560 252 fsa [4TE-300 9560 25 [IdentifilerDirect GSS00_Panels w1
[ D195433 | | VWA | | TPOX | | D18551
190 . 150 . 200 \ 250 . 20 \ 3%0
1200
] A A JI_ _n. JL
1 1 T 1 1
13 17 2 14 17
1836 11469 511 1268 1200
T
4 19
1884 bl by
4-TE-300_95-60_2 5.2 fsa [4TE-300_9580_25 [IdentifilerDirect_GS500_Panels_v1 |
B D55818 ] [ FGA |
100 150 200 ESI}O 300 360
1600 i ' .
l [ I ||| fL
o JIL A IL L 4
X 11 2
1485 3072 1539
T 2 222
2145 2868 1475
4 TE-200_9560 252 fsa [4TE-300 9560 25 [IdentifilerDirect GS500_Panels_v1
100 150 200 250 o0 360
] ) t ¥ ] ] ) ¥ i ]
480
0
100.0 1300 2000 247.37 300.0 33082
130.0 35040
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FTA® (x24 samples)

3730 DNA Analyzer

Quantitation cannot be performed using this method, so the average DNA yield and average

amplification target range cannot be determined. These samples were injected at both 5 and

10 seconds. The results below only depict the better of the two injections.

Sample Quant Amp Results Injection Artifacts Average Average
# Yield target (ng) Time RFU PHR
(ng/ul) (seconds)

1 n/a Unknown OK 5 1068 88.97%

2 n/a Unknown OK 5 2893 89.33%

3 n/a Unknown OK 5 2954 86.51%

4 n/a Unknown OK 5 2147 90.72%

5 n/a Unknown OK 5 1075 92.22%

6 n/a Unknown OK 5 1821 90.95%

7 n/a Unknown OK 5 1108 88.72%

8 n/a Unknown OK 5 1289 86.05%

g 9 n/a Unknown OK 5 924 89.39%

g 10 n/a Unknown OK 5 827 85.53%

%: 11 n/a Unknown OK 5 1797 87.07%

g 12 n/a Unknown OK 5 1096 84.08%

3 13 n/a Unknown oK 5 740 84.22%

g 14 n/a Unknown OK 5 681 91.08%

3 15 n/a Unknown oK 5 3608 88.12%

E 16 n/a Unknown OK 5 2290 87.72%

17 n/a Unknown OK 5 3034 81.07%

18 n/a Unknown OK 5 3073 87.55%

19 n/a Unknown OK 5 2715 84.63%

20 n/a Unknown OK 5 2433 87.52%

21 n/a Unknown OK 5 2024 86.59%

22 n/a Unknown OK 5 1900 86.85%

23 n/a Unknown OK 5 1911 84.46%

24 n/a Unknown OK 10 3603 86.26%

Average: 1959 87.32%
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D19 | vwA | TPOX | D18
1 13,13 29,30 10,11 10,12 17,17 | 93,93 10,13 11,12 18,19 13,14 16, 16 8,8 12,16 X, Y 11,13 20,21
2 10,14 3228'2 10,12 10, 10 15,19 6,9 11,12 11,11 17,17 1];13’2 15,16 10,11 12,13 X, X 11,13 20, 26
3 12,14 3239'2 8,11 10,11 14,16 6,9.3 11,12 12,13 17,24 13,14 16,17 8,8 14,15 X, X 11,12 21,24
4 11,13 ;0'2 10,11 11,12 14,14 6,9.3 11,14 12,13 17,24 13,14 17,19 8,8 14,17 X, Y 11,12 2221'2
5 13,13 29, 8,10 9,11 14, 16 6,7 8,12 9,12 19, 22 144, 18,19 8,9 14, 15 X, X 11,12 19,24
3 110 ’ , , , , , , 103 , , , , , ,
6 11,13 332322' 9,11 10,11 15,16 6,9.3 8,11 11,13 19,22 14,15 14,18 10,11 15,17 XY 11,11 22,23
7 10,12 28,30 9,11 10,11 16,17 8,9.3 11,12 11,12 24,26 13,15 16,19 8,11 14,15 X, X 9,10 22,23
8 11,13 30,31 9,9 11,12 15,16 9,9.3 11,13 10,12 16,18 14,14 18,19 8,8 12,16 X, X 11,12 2232'2
9 14,15 28,31 9,9 11,11 15,16 6,9.3 10,11 10,11 17,18 13,15 19,19 8,8 11,15 X, Y 11,12 21,21
10 11,13 30,33 10,12 11,12 17,18 6,8 11,11 11,12 19,20 14,15 16,18 8,8 13,17 X, X 10,11 21,25
11 12,13 31,31 11,11 12,13 17,18 6,9.3 10,14 9,11 24,25 14,14 15,19 8,11 15,17 X, X 9,12 19,21
12 11,13 3219'2 10, 10 11,12 16,17 6,7 8,12 9,13 19,24 13,14 14,18 8,11 17,23 X, X 10,11 21,21
13 14,16 3321'2 10,12 11,12 16,18 6,8 11,11 11,13 17,19 14,15 14,19 8,8 12,12 X, X 12,12 21,23
14 12,12 2322' 8,12 12,12 14,15 9.3,10 9,11 11,13 17,26 1142'2 13,16 8,11 12,16 X, Y 12,12 22,22
14,
15 14,14 28,28 10,12 10,11 15,17 7,93 8,12 9,12 20,21 122 17,18 8,8 12,14 X, Y 10,11 22,24
16 13,15 3218'2 10,11 11,13 16, 16 93,93 11,12 11,12 19,22 14,15 15,17 10,11 15,19 XY 11,12 20,21
17 10,13 3228'2 8,10 10,12 15,18 6,9.3 8,12 11,13 17,19 14,15 17,17 8,12 14,18 X, X 9,11 20,21
18 11,12 28,30 11,12 10,11 14,15 9,9.3 11,12 11,11 20,23 14,15 14,18 8,11 12,13 X, Y 10,13 25,25
19 12,15 28,31 8,8 11,12 17,17 6,9.3 11,11 12,13 17,17 13,13 17,17 8,8 14,16 X, X 10,11 22,23
20 13,13 27,29 9,11 10,12 14,16 7,93 11,14 9,11 19,23 12,14 16,17 8,9 15,17 XY 11,11 22,22
21 10,14 29,31 10,12 10,12 18,18 9,9 9,12 11,14 17,18 13,16 18,19 8,11 17,19 XY 11,12 21,25
22 12,13 28,28 11,12 12,12 16,18 6,7 8,12 12,12 23,23 13,16 15,15 8,8 13,16 X, X 12,13 21,23
23 12,13 28,31 8,9 10,11 15,18 | 93,93 9,11 12,13 16,18 14,16 17,20 11,12 14,16 X, X 11,12 20,25
24 12,13 28,31 9,12 11,11 15,15 7,93 9,12 12,12 16,19 14,16 16, 20 9,12 14,19 XY 11,12 20, 22
Note: This table lists the expected profile for each sample. Red font indicates the alleles that had dropped out.
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FTA (x24 samples), 3730 DNA Analyzer, Sample #4, Injection 1 of 2 (5 seconds)

Sample File Sample Name Pamnel
FTA-4 fsa | FTA-4 | IdentifilerDirect_ 35500 _Panels_v1
[ DBS1179 | D21511 | D7SB20 | CSF1PO
100 150 200 250 300 50
800 M
o 1 AT M M
11 30 10 1
2050 1281 m 737
1 1 1
13 02 11 12
1819 1238 720 682
FTA-4 faa | FTA-4 | IdentifilerDirect_GS500_Panels_vi |
D351358 | | THO1 || D135317 I D165539 | D251338 |
100 150 200 250 300 350
3000
] A || A -‘ III i' A A A A
| I T I T T T I
14 & 03 u | 12 17 24
542 1548 1611 2503 2107 1746 1187 952
1
13
1458
FTA 4 fza [FTasd [ IdentifilerDirect GS500 Panels v1
[ 0195433 [ VWA ] | TPOX | | D18551 ]
100 . 150 . 200 . 250 . 300 . 350
2000 ‘l l J{ Jl
0 g s e | T 4
13 17 3 4 | 17
2619 3375 3460 1346 1827
T
14 19
2670 3157
FTA 4 fsa [FTA 4 [ IdentifierDirect_GS500_Fanels_v1 |
Ll D55a18 | I FGA ]
100 150 200 250 300 350
} T } } k } } !
| |
0 JIL Jll II. i 5
X 1 21
38351 2854 1915
¥ 12I 22
3804 2430 1752
FTA4 faa [FTA4 [ IdentifilerDirect_GS500_Panels_vi
100 150 200 250 300 350
i 1 i | 1 i 1 i [
270
0
100.0 1300 160.0 200.0 247.11 300.0 330.60
150.0 3500
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Conclusions

In study 1 we explored using different lysing reagents, different volumes for the lysing
reagents, different lysing temperatures, and different lysing times. Although none of the ten
method tested produced the desired results, the study did eliminated several different
techniques and narrowed the scope of the research for future studies conducted. Lysing
reagents that contained guanine, stain extraction buffer (2%), and dithiotreitol all proved to
inhibit the PCR amplification. Water proved not to be a good lysing reagent regardless of the
lysing temperature and the lysing time. Buccal swabs lysed with T.E.* did show some potential,
but DNA peaks observed were very low and no full DNA profiles were obtained. The conclusion
drawn from study 1 was that direct amplification from a swab was possible, but the optimal

lysing technique had not been obtained.

In study 2 we continued to explore different lysing techniques by modifying the lysing
reagents, lysing reagent volumes, lysing temperatures, and lysing times. As with study 1,
results obtained from study 2 eliminated several more techniques, and narrowed the scope of
the research even further. Methods 13, 16, and 18 produced full profiles but had varying
ranges in peak heights, peak height ratios, artifacts, and amount of preferential amplification.
This is expected to be caused by the varying amounts of DNA that were present on the large
swab heads. The conclusion drawn from study 2 was that samples lysed in T.E.” could produce
a full DNA profile, but the optimal lysing technique had not been obtained. Data also showed
that, for maximum yield, 95°C appears to be the optimal lysing temperature and 60 minutes

appears to be the optimum lysing time.

In study 3, two different sizes of swabs heads were used (small and medium). When
analyzing FTA® cards, a standard 1.2mm size punch is used, which creates a more narrow range
of DNA that can be amplified (due to a limited surface area of the punch taken). This in turn
will produce a more consistent range of peak heights among all samples. For swabs, this same
principle was applied by using a swab with a smaller size head. The smaller swab head will have

a smaller surface area (similar to a 1.2mm FTA® punch) and should narrow the range of DNA
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that is lysed. For all methods tested, all samples did have DNA peaks present, but the majority
of them were below the peak detection threshold. 2.5ul of lysate is not a sufficient
amplification volume for these medium and small swabs. This was further demonstrated when
the samples were quantitated. It does appear that these swabs could give full profiles if a
larger volume of lysate is used during the amplification (5.0ul, 7.5ul, 10ul, etc). This will only be

known if additional studies are performed.

In study 4 we evaluated the effects of decreasing the amount of DNA template used
during the amplification step. It has been proven that sometimes using less DNA template can
greatly help reduce preferential amplification, thus producing cleaner, more balanced profiles.
From the nine different methods analyzed, very few samples had any useable data, as the
majority of the peaks observed were below threshold. 1.0ul of lysate is not a sufficient
amplification volume for the large, medium or small swabs. This was further demonstrated

when the samples were quantitated.

In study 5 we evaluated the effects of increasing the amount of DNA template used
during the amplification step. Quantitation results for a lot of samples tested showed small
amounts of DNA present. By increasing the amount of DNA template used during amplification,
the intent behind study 5 was to increase the amount of DNA amplified without causing
preferential amplification effects. From the six different methods analyzed, all samples did
have DNA peaks present, but the majority of them were below the peak detection threshold.
However, increasing the amount of template DNA that is amplified did increase the peak
heights of most samples without causing artifacts and preferential amplification effects. It does
appear that these swabs could give full profiles if a larger volume of lysate is used during the
amplification (5.0ul, 7.5ul, 10ul, etc). This will only be known if additional studies are
performed. The three best methods from studies 1 through 4 were not analyzed using 5.0ul of
template DNA, an oversight by the laboratory. It is expected that this combination may have
produced data comparable to the FTA® cards, but this will only be known if additional studies

are performed.
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For study 6, no additional new methods were attempted. After calculating and
comparing data from studies 1 though 5, the best 3 methods were selected. Study 6 tested a
larger number of samples lysed under the same conditions as methods 13, 16, and 18 (see
Table 7). The data from study 6 was carefully examined and compared. Taking all factors into
account, it was decided that method 16 gave the best overall data. This method was used for

the final comparison against FTA® cards.

For study 7, a side-by-side comparison was made between buccal samples lysed using
method 16, and FTA® cards amplified according to the Identifiler® Direct recommended
procedures. Results of this comparison are seen in Table 9 (see appendix 1 through 4 for

electropherograms).

Table 9: Study 7 side-by-side comparison
Sample | Genetic | Average RFU | Average RFU | Average PHR | Average PHR % Pass % Artifacts
Type Analyzer (5 seconds) (10 seconds) (5 seconds) (10 seconds)

Swabs 3130 1257 2039 85.34% 85.64% 63% 17%
FTA 3130 2836 4420 87.19% 88.42% 88% 58%
Swabs 3730 725 1327 86.69% 86.34% 58% 4%
FTA 3730 1892 3483 87.31% 87.64% 100% 0%

For both the 3130 and 3730 Genetic Analyzers, the FTA® samples had a better pass rate,
with 100% of the samples tested providing a full DNA profile (CODIS uploadable) on the first
analysis attempt. For both buccal swab and FTA® samples, the best overall results were
obtained on the 3730 DNA Analyzer. The 3730 has an off-scale detection limit of 30,000 rfu,
while the 3130 is ~8,200 rfu. This larger off-scale limit allows for more variation in peak heights
between samples, something commonly observed when taking any sample to direct

amplification.

Although the swab samples only had a 58% pass rate on the 3730, the majority of

samples that did not pass were due to allelic dropout. This can be expected since the overall
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average rfu value for these samples was less than half the FTA® samples. When examining the
guantitation results for the method 16 samples, the average amplification target range was
0.321ng, much lower than the typical recommended range of 0.5-1.0ng. By increasing the
amplification template volume to 5.0ul, the peak heights for the buccal samples would
increase, and an increased number of samples should produce a full DNA profile. This would
undoubtedly produce a more consistent result between the buccal swabs and the FTA®
samples. However, this can only be proven through additional research, which time simply did

not allow for in this research study.

Recommended Additional Research

42 different lysing methods were attempted in this research project. Although none of
these methods tested on swabs produced better results than FTA® cards, useable data was
obtained. We highly encourage additional research studies be conducted to find the exact
combination of lysing reagents, lysing temperatures and lysing times to allow direct
amplification from swabs. Recommendations for further research include:

1. Amplify methods 13, 16, and/or 18 using an increased volume of sample lysate (5.0ul,

7.5ul, 10.0ul), and inject them at 5 and 10 seconds on a 3130 Genetic Analyzer and a
3730 DNA Analyzer. This should increase the peak heights observed to a comparable
level as the FTA® cards.

2. Take a 1.2mm punch from the side or tip of a buccal swab and go straight to
amplification (similar to using a 1.2mm FTA® punch). No pre-lysing of the swab. The
initial step of 95°C for 11 minutes on the thermalcycler may also lyse open cells allowing
them to be amplified. One could also increase this initial step to 30 minutes to see what
the effects are.

3. Add lysing reagents to the swab and allow the swab to dry (similar concept as with
lysing reagents on FTA® cards). Take a punch of the swab directly to amplification.

4. Take a 1.2mm punch from the side or tip of a buccal swab, add small amounts of lysing
reagents, add amplification reagents, place onto thermalcycler. Use the first step of

95°C for 11 minutes to lyse the sample at the same time the polymerase is being
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activated. Can also extend this initial step to 30 minutes to see what the effects are. If
the lysing reagents used are mild enough, they may not interfere with the amplification
reagents during the amplification process.

5. Explore the use of using half the amount of amplification reagents (1/2 reaction study)

for both buccal swabs and FTA® cards.

In a recent DNA conference it was announced that Applied Biosystem’s has been conducting
research on a technique that would allow the Identifiler® Direct kit to be used on buccal swabs.
According to the information presented at this conference, a technique has been successfully
validated and is due to be released to the forensic community in the very near future.
However, until this technique is tested it remains unclear if a better method for direct

amplification of buccal swabs exists.

Conclusion

Any forensic laboratory, regardless of size, can increase their efficiency and prepare to
handle an increased number of sample submissions without creating a backlog. In doing so,
laboratories should not solely look at purchasing more equipment and hiring more analysts, but

rather re-evaluate their current procedures being used in an effort to eliminate inefficiencies.

Two key weaknesses in the current DNA analysis methods have been identified. |If
improved, the cost of analysis per sample and the time it takes to process these samples with
drastically decrease. Whether a CODIS database sample or a known sample in a criminal case,
these new methodologies provide a more efficient and cost effective means of performing DNA
analysis on known reference samples. This will have a significant impact on the overall backlog

of criminal cases.
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Appendix 1

Protocol for Swab Samples (Method 16)

Lysis Step:

1.

Nouvs~wDN

Take an entire swab head and place it into a 96-well plate (Promega’s Slickprep 96 device) or a
1.5ul microcentrifuge tube.

Dispense 300pl of T.E.™ to each sample well/tube.

If using a 96-well plate, seal the device with an adhesive cover.

Incubate the 96-well plate or sample tube(s) in a water bath at ~95°C.

After ~60 minutes, remove the 96-well plate or sample tube(s) from the water bath.

If using a Slickprep 96 device, insert the u-shaped collar so the device is in the spin position.
Centrifuge the 96-well plate/tube(s) at ~1,500g for ~5 minutes to remove any liquid from the
swab.

Amplification Step:

1.

Dispense 25ul of Identifiler® Direct PCR reagents to a 96-well amplification plate or
individual amplification tubes.

Add 2.5ul (or amount validated internally by your laboratory) of the sample lysate to each
appropriate well/tube.

If using a 96-well plate, seal the device with an adhesive cover.

Amplify samples on a 9700 thermalcycler using the following PCR cycling conditions:

Initial Cycle (26, 27, or 28 cycles) .

. Final .
Incubation . Final Hold
Denature Anneal Extend Extension

Step

Hold Cycle Hold Hold

95°C 94°C 59°C 72°C 60°C 4°C
11 minutes | 20 seconds | 2 minutes 1 minute 25 minutes oo

Genetic Analysis:

1.

Prepare a mixture of deionized formamide and GS-500 LIZ size standard according to
manufacturer’s recommendations.

Dispense 9ul of the formamide/LIZ solution into the appropriate wells of the optical plate.

Add 1.0ul of PCR product or Identifiler® Direct allelic ladder to the appropriate sample
wells.

Cover the optical plate with a 96-well plate septa.

Inject samples on either a 3130 Genetic Analyzer or a 3730 DNA Analyzer following
manufacturer’s recommendations.

NIJ Cooperative Agreement 2009-DN-BX-K160 Page 88 of 93



This document is a research report submitted to the U.S. Department of Justice. This report has not been published by the Department. Opinions or
points of view expressed are those of the author and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

Appendix 2

GeneMapper ID v3.2 Settings:

B8] o s~ W W 6 [

oo

oo

|- csFape

|~ Dosssse

]

|- oismar

]

|- bt

]

| e

|- e

|- egas

|- mmL

|~ Dsse1e
Foh

513
[os
6
oz

Analysis Method Editor - HID

allele | Peak Detectar | Peak Quality | Quality Flags |

&nalysiz Method Description
Mame: QSEI Identifiler Direct Y alidation
Description: ﬂ
=]
Instrumerit: 3730

Analysis Type: HID

2030231 1 23130 20303, 4 5,35 35 2.6, 28

214,14 1,15.16,17 18,18 20,1 12.33,4 25 26 37

6
== ETB00,2031 23,20, 3 35 35 06 2.0 35,20 00 2,1 231 23 242 2 AR A4 AR D R TAT I 4B D B0 5N 3

General Peak Detectar I Peak Qualty I Guality Flags I
BinSet: [idertifierDirect_GSS00_Bins_v1 |
¥ Uze marker-specific stutter ratio it available
Marker Repest Type : Tri Tetra Perta Hexa
Cut-off Yalue 0.0 0.2 0.0 0.0
hinus Ratio 0.0 0.2 0.0 0.0
Minuz2 Distance Fram |00 0.25 0.0 0.0
To |00 1.75 0.0 0.0
Minus Stutter Ratio 0.0 0.0 0.0 0.0
Minuz Stutter Distance  From |00 323 0.0 0.0
To |00 4.75 0.0 0.0
Plus Stutter Ratio 0.0 0.0 0.0 0.0
Plus Stutter Distance Fram |00 0.0 0.0 0.0
To |00 0.0 0.0 0.0
Amelogenin Cutoff I 2

Range Fitter ... | Factory Defaults |

Ok | Cancel |

Ok | Cancel |
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Analysis Method Editor - HID
General | Allele | Pesk Detectar | peak quality | Quality Flags |
Peak Detection Algarithrm: IAdvanced - l
~Range: ~Peak Detection
Aralysis Sizing Peak Amplitude Thresholds:
Partial Range LI IPamaI Slzesj B: |1DD— R IF
Start Pt 1600 Start Size:l?s
G: |1 oo O: |1 an
Stop Pt (9000 Stop Size: |450
Y: |1 ]
~Smoathing and Baselining —
Min. Peak Half Wickh: 2 pts
Stnoathirg = pMone  —
o Light Palynomial Degres: 3
7 Hearey Peak Window Size: 11 pts
Baseline Window: |51 pts Bl Wil
Peak Start: 0.0
~Size Calling Method Peak Enct oo
" 2nd Order Least Sguares

€ 3rd Order Least Souares
" Cubic Spline Interpolstion
% Local Southern Method
" Global Southern Method

x|

Factory Defaults |

Generall AIIeIeI Peak Detector

Analysis Method Editor - HID

Guiality Flags I

Signal level

Homozygous min peak height

Heterozygous min peak height

Heterozygote balance
Min peak height ratio

~Peak marphology

Mz pesk width (basepairs)

~Pull-up peak
Pull-up ratio

allele number

Max expected alleles

s |
e
bz
—

Factory Defaults |

OK | Cancel |

Analysis Method Editor - HID

Generall AIIeIeI Peak Detectorl Peak Guiality

Guality weights are between O and 1.

Guality Flag Setting:
Spectral Pull-ugp ID_S Cortrol Concordance |1 o
Broad Peak ID_S Loswy Peak Height ID_S
Qut of Bin Allele |0.8 Off-scale 0.8
Overlap Ig_g Peak Height Ratio 0.3
PEY Threshold
Pass Range: Lowy Quality Range:
Sizing Guality: Fram IU-?S to1.0 From 0.0ta ID.25
Genaotype Guality: From 075 to 1.0 FromO0ta  [0.25

Factory Defaults |

OK | Cancel |

Edit

Ok | Cancel |

~Size Standard Description

Iame:

Description:

Size Standard Dye:

3730 G5-500 LIZ

IOrange LI

~Size Standard Table

Size in Bazepairs

1 a0

2 1000

3 1390

1500

160.0

5 2000

¥ |3000

8 3500

9 (4000

10 (4500

Ok | Cancel |
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Appendix 3

Chemical Formulation for Stain Extraction Buffer:

Stain Extraction Buffer

) Actual Suppli Exoirati

Components Quantity Quantity upprer Lot # Xpiration
1 M Tris-HCI 5mL
0.5 M EDTA 10mL
Dithiothreitol (OTT) | 918
5 M NaCl 10 mL
20% SDS 50 mL

Ultrapure DI H,0 ~500 mL 0SBl

Sodium Hydroxide

Preparation

Add Tris-HCI, EDTA, DTT, and NaCl to ~half of the ultrapure deionized water. Add sodium hydroxide
until the pH of the solution is 8.0 £ 0.2. Add to this mixture the 20% SDS. Add a sufficient quantity of
ultrapure deionized water to the solution to achieve the desired final volume. Aliquot the buffer.

Storage

The aliquoted Stain Extraction Buffer can be stored frozen, refrigerated, or at room temperature.
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Appendix 4

Chemical Formulation for ProK:

Proteinase K

) Actual Suppli Lot # xoirati
Components Quantity Quantity upplier ot xpiration
Proteinase K 500 mg
25mL OSBI

Ultrapure DI H,O

Preparation

Dissolve Proteinase K in ultrapure deionized water. Aliquot the solution. Do not UV sterilize Proteinase

K.

Storage

The aliquoted Proteinase K shall be stored frozen. Discard tube and unused enzyme after initial use. Do
not reuse leftover enzyme.
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Appendix 5

Chemical Formulation for T.E.™*:

T.E*
) Actual ) o
Components Quantity Quantity Supplier Lot # Expiration
1 M Tris-HCI 10 mL
0.5 M EDTA 200 puL
Ultrapure DI H,0 ~1.0L 0SBl N/A

Preparation

To approximately % of total volume of ultrapure deionized water, add Tris-HCI (pH 8.0) and EDTA. Add a
sufficient quantity of ultrapure deionized water to the solution to achieve the desired final volume.
Autoclave before storage.

Storage

The stock TE™ reagent and aliquots should be stored at room temperature.
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	Lot #
	Components
	0.5 M EDTA
	Dithiothreitol (DTT)
	OSBI
	Components

	Ultrapure DI H2O
	Components

	Ultrapure DI H2O
	N/A




