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ABSTRACT

The Northeast Regional Forensic Institute (NERFI)-instructed ABI 3130xI™, ABI
RTPCR™, and Leadership Assessment workshops were attended by forensic scientists
from across the United States. Course evaluations were completed and indicate a
favorable assessment of the workshops content, the instructors, mode of instruction, and
NERFI facilities and support staff. Offering travel and per diem for all participants,

linking NERFI's web site with NI1J’'s web site, and meeting with various directors and
supervisors from the forensic community provided the impetus on educating 104 trainees
in DNA Analysis and Leadership Assessment skills.

Near-infrared (NIR) Raman spectroscopy was used to measure spectra of dried human
semen samples from multiple donors. The major chemical components that contributed
to the Raman spectrum of semen were determined and used to identify the principal
spectral components. Advanced statistical analysis of spectra obtained from multiple
spots on dry samples showed that dry semen is heterogeneous and its Raman spectra
could be presented as a linear combination of a fluorescent background and three spectral
components. The relative contribution of each of the three components varies with

donor, so no single spectrum could effectively represent an experimental Raman
spectrum of dry semen in a quantitative way. The combination of the three spectral
components could be considered to be a spectroscopic signature for semen.

The Judicial Awareness of Forensic Science project evaluated the use, impact, and
effectiveness of forensic evidence in the courtroom. The preliminary results of this
review indicate that forensic evidence definitely played a crucial role in some of the cases
and investigations reviewed under this project. In addition, eighty first responders were
trained on the proper collection, handling and storage of biological evidence.
Furthermore, funding from this award was used to purchase equipment from Porter-Lee
and update existing technology to maximize the ability of law enforcement to process
crime scenes in the most efficient and effective manner and to permit real-time access to
uniform evidence inventory and management files by the District Attorney as well as the
police department..

The objective of the ChatMinder project was to conduct a study of the dialogues
occurring in the on-line chat rooms. A secure chat-room at the ILS Institute was
established and chat data collected from experiments from recruited subjects (SUNY
students under an IRB protocol). Over 20 hours of chat involving groups of 3 to 6 people
on topics ranging from movies to organic food to state of the economy was collected for
this study. VCA technology represents an important advance in automated human-
computer communication with potential applications in cross-cultural social modeling,
influence operations, advertising, law enforcement, and national security.

Analyzing crime data to make defensible judgments has become increasingly difficult

due to the disparate sources of data - each element of which paints only a part of the
complete picture. In addition, data can be both structured (log files, spread sheets, and
databases) and unstructured (plain text, web pages, word documents etc.). Amalgamating
all the evidence into a cohesive stream of evidence requires analysis capability that not
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only handles varied data sets but was able to find correlations among the data. Under the
Capitol Region Cyber Crime Partnership section of this award, a suite of tools was
employed to collect data from open sources, analyze text data, and correlate information
from multiple sources including sexual predator behavior and detecting attacks on the
network.
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EXECUTIVE SUMMARY

As described in the topical headings below, the overall goal of the National Institute of
Justice Congressionally-directed award (2008-DD-BX-K301) was to provide the
University at Albany’s Northeast Regional Forensic Institute (NERFI) funds for forensic
science research, and to develop and implement various professional development
training programs for the criminal justice community. Most of the research described in
this report was funded at levels only to explore novel concepts in the forensic sciences.
The majority of funds from this grant were used to support cost-free instruction and travel
in state-of-the-art DNA Analysis Technology and Managerial Assessment workshops. In
view of the diverse nature of the individual activities carried out under this project, each
activity is characterized herein as a “Module”.

Module: Forensic DNA Training, Leadership Assessment and Research
* A: ABI 3130xI™ Training (Appendix 1)
o0 Three separate weeks of lecture plus hands-on
= 6-8 trainees per session
 B: ABIRTPCR™ Training (Appendix 7)
0 2- 2% day training sessions
= Atleast 6 trainees per session
* C: Leadership Assessment Workshops for Managers (Appendix 13)
0 2 -2 day training sessions
= 6-10 trainees per session
» D: Raman Method Validation Applied to Biological Evidence

Module: Judicial Awareness of Forensic Science

» Determine the impact of new forensic technologies in the court room

» ldentify forensic evidence applications in Schenectady County criminal cases

» Train Schenectady law enforcement first responders in the recognition, collection,
and preservation of forensic evidence (Appendix 17)

o Approximately eighty (80) officers were trained in groups of 20

» Set up a system from Porter-Lee to bar-code evidence in the Schenectady, New
York DA’s Office and to permit real-time tracking for evidence analysis,
inventory control, and disposition purposes in a shared system with the
Schenectady PD.

Module: ChatMinder: A Safe Internet Tool for Parents
Graduate level assistance is needed to perform:

» Design and apply new advanced language and information technologies
developed at the University at Albany for assisting automated intelligence
gathering and analysis to detect and prevent of online crime against children as
well as other persons or organizations.

Module: Capitol Region Cyber Crime Partnership

» Design and apply new Cyber Crime tools to identify and prevent sexual offenses
against children on the internet.
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Module: Forensic DNA Training, Leadership Assessment Workshops, and Research

The forensic science community needs structured training and research in an academic
environment. It is important to note, that over 700,000 sworn police officers have

available 632 police academies in the United States (Hickman, 2002). The academies are
collectively expending over $725,000,000. The Alcohol Tobacco and Firearms
(http://www.atf.treas.gov/training/arsonex.hjrfunds (except travel and per diem) an

eleven month firearms academy and numerous other short courses. The time is now to
properly support forensic DNA training programs.

NERFI has a proven record of providing structured learning in an academic environment.
NERFI was conceived to address a similar need for structured forensic laboratory training
developed with graduate level academic standards delivered in an intensive 16-week
program in lieu of inefficient, unstructured mentor-based training programs traditionally
afforded newly hired forensic laboratory personnel in state and local crime laboratories.
NERFI's five-year record of accomplishment for delivering graduate level forensic
training for DNA casework and databank scientists is unique and well established for
expansion. New York State DNA legislation (Article 49-B — NYS Executive Law) was
enacted in 1994 and then expanded in 1999, 2004 and 2006 increasing designated
offenses from serious felonies to all felonies and selected misdemeanors. This
unprecedented expansion led to the signing of a Memorandum of Understanding in 2000
between the University at Albany (UA) and the New York State Police (NYSP) to
collaborate on forensic science work force development and research programs.
Accordingly, in 2002 the UA and NYSP developed a Graduate Program in Forensic
Biology (FB) which now matriculates 6-12 students per year and received the full
accreditation from the Forensic Education Program Accreditation Commission (FEPAC)
in 2008.

NERFI's programs provide a long term investment in forensic laboratories’ most

valuable assets: forensic scientists. Structured workshops providing forensic scientists
professional development is a necessity in the forensic science community. Most forensic
laboratories have little or no training funds and view training as a hon-reoccurring cost /
expenditure instead of an investment in the most significant asset (human resources) in
their organizations. Laboratories need training for new and experienced employees in all
disciplines and all job titles. In addition, complimentary skills, such as presentation of
results, team work, communication (verbal and written), and testimony are also the major
focus of in-house training after hiring. Lack of access to efficient training programs and
resources can also be seen as a contributor to delays in analyses or backlogs in DNA
analyses of criminal cases. Local and federal funding must be utilized to stabilize these
education and training programs for all disciplines.

Governmental agencies will need to invest in future criminal justice training to keep
abreast of new technology issues related to DNA analyses and CODIS data base needs,
and provide the necessary funds to advance basic and applied forensic science research.
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In doing so, the following training and research programs were included in award 2008-
DD-BX-K301: Module: Forensic DNA Training, Leadership Assessment Workshops,
and Research.

A: Capillary Electrophoresis & Data Analysis Using Applied Biosystems’ ABI™

3130xI Genetic Analyzer & GeneMapper® ID Course (3 one-week laboratory

workshops with 6-8 trainees per session):

This 5-day course was designed to provide the theoretical and practical background
necessary to perform capillary electrophoresis and data analysis. Today's advanced
technology has led to an exponential number of cases being submitted to the crime lab for
DNA testing. For this technique to be successful, it is imperative that the biological
evidence be processed and analyzed effectively. A total of twenty-three DNA Analysts
attended three different ABI 3130xI™ workshops.

B: ABI™ RT-PCR training Real-Time PCR Using Applied Biosystems’ 7500
Instrument and Chemistries (2 — 2 ¥z day with at least 6 trainees per session):

This 2.5 day course was designed to provide the theoretical and practical background
necessary to perform quantitative PCR and data analysis. This course also included a
multiple-choice exam and issuance of completion certificates. NERFI originally
proposed at least six trainees per training session. However, a total of sixty-two DNA
Analysts attended the 2-2% day training sessions on Real-Time PCR Using Applied
Biosystems’ 7500 Instrument & Chemistries.

C: Leadership Assessment Workshop for Managers, Supervisors and Directors:

NERFI provided two 2 - day workshops for managers, supervisors, and directors in
human resource strategies to help increase efficiencies in selection, retention and
promotion of forensic scientists and managers. The first group of forensic managers
attending Leadership Assessment: Developing the Next Generation of Leaders in January,
2010 included three lab directors, an assistant director, three managers, and a lab
supervisor, two technical managers, and a senior scientist from various forensic sections
— crime scene, biology, latent prints, drug analysis, trace, and QA. The second group of
forensic managers attendihgadership Assessment: Developing the Next Generation of
Leaders in February, 201ihcluded one director, a forensic science coordinator, three
supervisors, a senior scientist, two technical leaders, a quality manager, and a latent print
examiner with no management experience. Professionals from the forensic science fields
of DNA, drug chemistry, crime scene, firearms and toolmarks, QA and latent prints were
represented in this session.

The Leadership Assessment Workshops focused on developing both strategic and
behavioral skills for managing employees. These leadership assessment workshops
provided participants tools to increase efficiency in selection and retention of new hires
and internal promotion decisions, thereby reducing costly turnover. Turnover costs can
exceed twice the annual salary plus benefits of the employee (Cascio, 2000).

The leadership assessment workshops also provided an introduction to behavioral
observation techniques. This can be used by forensic managers, supervisors and directors
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to enhance their skills in the effective assessment of employees. The workshop used
managerial exercises with behavioral examples to familiarize participants with the
assessment concept. There was an enthusiastic and strong positive response by all
participants in these workshops and a high demand for more of these kinds of sessions
(Appendix 16).

D: Raman Method Validation—The use of Raman Technology to Detect Human
Biological Fluids: The identification and characterization of body fluids and stains
discovered at a crime scene is a major part of forensic investigation today. The three
most common fluids found are blood, semen, and saliva, and there are several methods
used currently to distinguish one from another. Blood can be presumptively tested for
using different color spot tests, but these tests are destructive to the sample and can also
have false positives (Siegel, 2000). If only a small amount of sample is available, careful
decisions must be made as to whether the presumptive test is necessary. There are also
confirmatory tests for blood that conclusively prove blood is present, and some of these
tests can distinguish between species. Semen is similar in that there are destructive
presumptive tests as well as confirmatory tests. Saliva, however, has no confirmatory
tests. So, an examiner can never be positive about the presence of saliva (Siegel, 2000).
Most presumptive tests can be performed in the field, but some sample preparation such
as extraction is often necessary. Most confirmatory tests must be done in the laboratory,
so forensic experts responding at a crime scene will not know the confirmed identity of a
fluid until much later on. The largest problem with these tests is the consumption of the
sample. Sometimes a case can be broken with just the smallest amount of biological
evidence, so it is crucial that these small quantities are examined as efficiently as possible
and nondestructively at the crime scene. Another issue is the ambiguity of the tests.
Current simple on-field screening tests cannot confirm the presence of a particular fluid,
and saliva can never be confirmed. Finally, mixtures of fluids are frequently found, and
this can make identification and subsequent DNA analysis even more difficult. The
forensic community is in need of a reliable and ultimately portable method that can
exclusively distinguish between the common and uncommon body fluids, as well as not
destroy the sample in the process.

Long-term goals to develop an intelligent and user-friendly methodology with in-the-

field capabilities based on Raman spectroscopy for characterizing traces of body fluids at
a crime scene. Our hypothesis is based on the fact that every body fluid has a unique
composition and should have a unigue Raman spectroscopic signature, which can be used
for its identification. Recently, Virkler and Lednev reported that Raman spectroscopy

can be potentially used to distinguish different body fluids (Virkler and Lednev, 2008) as
well as provide non-destructive, confirmatory identification of body fluids at the scene of

a crime (Virkler and Lednev, 2009). However, this analysis was carried out on only one
sample of each body fluid and did not take into account any variations that might occur
between different donors of the same fluid. Since each donor’s sample is heterogeneous
within itself due to many different chemical components, we would also like to

investigate the effect these chemical components have on the Raman spectral components
of a body fluid. _The main purpo®é this project was to understand the role of

heterogeneity within a sample as well as among multiple donors for human semen.
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This project was designed determine the level of spectral heterogeneity of human

semen based on principal components and to find out how much variation there is in the
spectra from different donors. If there is very little change in the spectrum from one
donor to another, then the technique of Raman spectroscopy can be considered to be
reproducible in identifying a sample to be semen-based on the application of a calculated
spectroscopic signature. This signature, which could be fitted to a semen sample
collected from any donor, could be produced based on several spectral components found
in semen that are present due to the heterogeneous distribution of the many chemical
species in semen. A unique signature can ultimately be developed for other body fluids
as well so that an unknown body fluid discovered at a crime scene could potentially be
identified in a confirmatory manner.

A spectroscopic signature for human semen was developed based on the heterogeneous
chemical composition of semen using NIR Raman Spectroscopy. A set of 50 semen
samples were obtained from anonymous donors at an in-vitro fertilization clinic. No
information about the donors was available. Statistical analysis found that the spectrum
of a dried semen sample contained three major spectral components in addition to a
fluorescent background component; a component matching tyrosine, a component
containing albumin and choline, and a component matching spermine phosphate
hexahydrate. This project also demonstrated qualitatively that there are no significant
visual changes in the Raman spectra of dried semen acquired from multiple donors, and
we showed that the spectrum of dried semen varies considerably when compared to the
spectra of dried blood and saliva. We did not perform any quantitative statistical analysis
to compare Raman spectra acquired for dry semen sample collected from different
donors. Instead, a novel approach has been developed based on multi-dimensional
spectroscopic signature to take into account both sample heterogeneity and possible
variations with a donor. The combination of the three principal components can be used
as a uniguspectroscopic signature to identify the presence of semen and possibly
distinguish it from other body fluids and substances of artificial nature found at a crime
scene. The term “possibly” was used to indicate that several important steps need to be
taken before the final conclusion about the differentiating power of the method could be
made. These steps include (1) the development of multidimensional spectroscopic
signatures for all body fluids of interest for forensic science, (2) validating the application
of the developed method for mixtures of body fluids, (3) validating the application of the
method for body fluid traces containing various contaminants, and (4) testing the
interference of substrates. The signature’s specificity to semen is additionally reinforced
by the determination that two of the three spectral components are dominated by choline
and spermine, respectively, and these chemical components are unique to semen and have
been used as forensic identification techniques for semen in the past. This spectroscopic
signature can be fitted to all of the dried semen samples with high goodness-of-fit
statistical results, and this outcome shows how the signature can be applied to any human
semen sample to potentially identify it. This proof of concept experiment showed
promising results, but many more samples with known demographic information should
be investigated.
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We envision the potential use of this method for nondestructive detection and
confirmatory identification of semen at a crime scene, both in its pure form and even as
part of a stain. In addition, the ability to not damage the sample while making these
conclusions would be a valuable feature since it would allow the possibility of additional
testing on the same sample. More experiments need to be performed involving semen
stains on different materials such as clothing, paper, wood, etc., but the technique
introduced in this paper shows the potential for the Raman spectroscopic signature of
semen to be useful in identifying semen at crime scenes.

Continuing investigation of semen samples and other body fluids is currently taking place
in our laboratory. Future work will focus on developing unique spectroscopic signatures
for other body fluids to support the assumption that the different fluids can be
distinguished from one another using Raman spectroscopy since they are composed of
different chemical components. We are also experimenting with a more advanced
statistical method which uses principal component analysis (PCA) to mathematically
compare multiple spectra of different body fluids as well as spectra from different animal
species of the same fluid.

Module: Forensic Science Impact in the Court Room

There is very little extant research studying the impact of forensic evidence and
technologies in their impact on the outcomes of criminal investigations. Even more
alarming is that we have limited documentation of the impact, in general, of the overall
forensic science process to outcomes in violent criminal investigations. While we have
studied the impact of new technology on forensic scientists (for example, see, Becker &
Dale, 2007; Dale & Becker, 2005) the impact on the wider community remains
undocumented.

The criminal justice community (prosecutors, detectives, medical examiners) benefits
from a team-based structure. The forensic science community has benefited from
advances in technology with concomitant increased capacity for evidence processing and
analysis. Technological advances raise new questions related to the effectiveness of how
agencies respond in concert to violent crime investigations. Most critically this involves
how personnel in mission-critical areas function as a single enterprise, as in the
coordination and execution during real-time response to a violent crime. These important
guestions are best addressed using the extant knowledge from social science research in
teamwork that will help the forensic community adapt and apply this knowledge quickly.

The application to the criminal justice community is that it must measure and manage the
impact of DNA and advanced technology to violent crime investigations. Combined

DNA Index System (CODIS), National Integrated Ballistic Identification Network

(NIBIN) and Automated Fingerprint Identification System (AFIS) represent technologies
that have revolutionized forensic science, providing critical leads to help assure
successful criminal investigations. The criminal justice community is a customer of the
services of forensic science. However, the criminal justice community lacks explicit
measures of the effectiveness of dollars spent on advanced technology. District attorneys
and detectives were involved in the construction of the measures in this project. This is

10
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important in that we recognize that those involved in solving high-profile crimes demand
quick processing of evidence.

Increased synergy between forensic constituencies will help to stop criminals earlier in
their criminal careers, in that offenders identified more quickly as a result of minor
criminal activity are not able to advance to more serious crimes. Ninety-four percent of
convicted offenders previously committed minor crimes (Haapanen, 1998). Felons
whose most serious prior convictions were for forgery or passing bad checks had DNA
matches in 12 rape cases, 8 homicides, 1 rape-homicide, an assault, a robbery, and a
carjacking (Simon, 1997).

This pilot project analyzed the amount and type of evidence and forensic science
technology as used by law enforcement agencies in Schenectady County, New York.

Plea bargains and verdicts were reviewed. The review assessed whether evidence could
have been collected that may have improved the outcome of the case. An assessment was
also made on whether the prosecutors could have further enhanced the case by seeking
other evidence after arrest. Best practices were evaluated with respect to interaction with
the lab throughout the criminal justice process.

This project also evaluated the use and effectiveness of forensic technology in the
courtroom. Verdicts were examined and some jurors were asked, after trial, to
voluntarily take a survey to assist in determining how important the presence or lack of,
forensic science was in the verdict. In addition, training for eighty first responders from
the Schenectady PD on proper evidence collection was done. Furthermore, funding was
provided to purchase equipment from Porter-Lee to bar-code evidence in the
Schenectady, New York DA’s Office.

Module: ChatMinder: A Safe Internet Tool for Parents

Graduate level assistance was provided with funds from this award to perform literature
research and interviews with professionals to identify the need for a new advanced
language and information technologies developed at the University at Albany for
assisting automated intelligence gathering and analysis to detect and prevent of online
crime against children as well as other persons or organizations. Job analysis was
performed to identify the necessary fundamental knowledge and skills needed by cyber
crime investigators. New Chat Minder tools were then designed using the data from
literature research, job analyses and interviews with criminal justice cyber crime
professionals.

In recent years, there has been a proliferation in the use of Internet chat rooms — virtual
online communities where users from all over the world can interact. Chat rooms attract
people of all ages, from all walks of life, although their use is particularly prolific among
teenagers. Because encounters are anonymous, the risk of being deceived is high. For
example, many chat room sites offer areas for specific age groups, but there is little to
prevent someone from creating a profile reflecting a user of that age, and entering the
room. There is no guarantee that the users of children’s chat areas are in fact all children.

11
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While the vast numbers of interactions in such chat rooms are innocent, there are an
increasing number of documented instances of pedophiles posing as children and
‘grooming’ target children for potential abuse. In response, a number of countries have
adopted policies to target online crime against children. In the U.S., the bill is called the
Children's Internet Protection Act (CIPA). In 2003, the Virtual Global Taskforce was
created to address online crimes against children
(http://www.virtualglobaltaskforce.com/). Despite these efforts, current technological
capabilities to detect and prevent on-line crime are extremely limited.

The aim of this project was to leverage advanced language and information technologies
developed for assisting automated intelligence gathering and analysis and apply them to
detection and prevention of online crime against children as well as other persons or
organizations.

Analysis of the collected data led to construction of preliminary models of social
behavior in online discourse. Conversations were annotated for communicative links,
dialogue acts, and topic and focus shifts, which created the basis for building
computational models of conversational behavior. Some of these models, e.g., how to
effectively change the topic of conversation, were subsequently implemented into an
automated Virtual Chat Agent (VCA), a Chat Minder prototype. VCA has been
demonstrated to perform effectively and convincingly in Internet conversation with
human participants.

Module: Capital Region Cyber Crime Partnership

For this part of the project, the team continued to work with the district attorneys in the
Capital Region, the New York State Division of Criminal Justice Services, and the New
York State Computer Crime Unit to expedite the prosecution of computer crime and
capital cases involving computer forensic evidence.

It is no longer sufficient to use a single data source or a single analytic technique while
analyzing data. In addition, there is a need to analyze unstructured text data since it can
provide valuable clues on criminal behavior and intentions. The three methods discussed
are mutually complementary and address the needs for law enforcement in fighting
crime: 1) open source data collection, 2) natural language processing, 3) identifying
correlations between disparate data sources. The data collection robots automate the
process of collecting online data making it efficient. Linguistic analysis can be used for
behavior analysis and integration tools can be used for tagging and correlating data.

Law enforcement is saddled with a growing backlog of cases of online crime and
traditional crime that rely on online evidence. Crime labs around the country have been
increasing capacity to handle this growing backlog. In addition to increasing capacity,
efficiency of analysis also needs to increase. The crime scene today is often not a
physical location but the Internet. Being able to rapidly collect data from online sources
will make it feasible for investigators to pursue more crimes. Being able to gather
corroborating evidence from chats, instant messaging, and web sites can improve the rate

12
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of conviction. A suite of tools for data analysis will be employed for a host of problems
including, 1) psychological profiling of sexual predators and determining precursors to
crime 2) identifying hacker motivations for committing crime.

Future studies will involve developing algorithms for data correlations and developing
best practices for law enforcement to use. In addition, other linguistic characteristics
beyond content analysis while examining text data will be developed and tested. Some of
the techniques developed above will be useful for identifying recidivism in certain

crimes.

13
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MAIN BODY—Module: Forensic DNA Training, Leadership

Assessment, and Research
A-C: DNA Training and Leadership Assessment Workshops
(Authors: Dr. Donald Orokos and Mr. John Hicks)

1. Introduction: A-C

The Northeast Regional Forensic Institute (NERFI) was created in 2003 as a more
resourceful, efficient, and cost-saving approach to meet the critical training needs of new
DNA personnel hired by public forensic laboratories to perform DNA analysis.

Education and training programs are the core of NERFI's mission to support the forensic
science and criminal justice community in staying abreast of the ever-evolving
technological in the field. NERFI also strives to develop novel, state-of-the-art
applications of new technologies through on-going research. Past and current
interactions between the University and crime laboratories; other federal and state
governmental agencies; NIJ's Office of Science and Technology; and DoD are essential
to advancing education, training, and research. These cooperative relationships
culminate to improve the speed, accuracy, and delivery of forensic DNA analysis.

Since 2005, NERFI has provided education and training in the form of DNA academies
and professional development workshops. For example, the NERFI 16-week intensive
DNA academy has successfully trained over 120 newly hired, full-time forensic scientists
in the theory and practice of DNA analysis; with most trainees completing all of their
training requirements, and beginning casework, in 6-8 months (as opposed to the 12 to 18
months typically required to prepare casework-ready DNA scientists through in-house
mentoring programs routinely used by crime laboratories).

Studies have shown that the current population of forensic scientists in the United States
is about 10,000 (Becker and Dale, 2004; Dale and Becker, 2003); however, an additional
10,000 new forensic scientists will have to enter the work-force in the next 10 years to
alleviate the expanding casework backlog (Fisher, 2003; Long 2001). NERFI's
education and training programs are designed to produce critical thinking, problem
solving scientists - not technicians. NERFI's generic DNA training curricula are
designed to embrace all forensic laboratory methods using fundamental scientific theory.
The NERFI program strives to provide each trainee with the fundamental forensic
biology knowledge and instrumentation necessary to perform the laboratory techniques
properly and execute corrective actions when unacceptable results occur.

A major component of this project is to offer to the forensic community a set of
workshops that include three separate weeks of AB 3130xI™, two 2.5-day sessions of
AB RT-PCR™, and two 2-day training sessions on Leadership Assessment for
Managers.
 A: AB 3130xI™ Training
0 Three separate weeks of lecture plus hands-on
= 6-8 trainees per session
* B: ABRT-PCR™ Training
o Two 2.5-day training sessions
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= Atleast 6 trainees per session
* C: Leadership Assessment Workshops
o Two 2-day training sessions
= 6-10 trainees per session

2. Methods: A-C

Instruction:

A key factor in providing continuing professional development to the forensic
community was to employ a team of highly qualified scientists with years of practical
experience, combined with a passion for educating and training the next generation of
forensic DNA analysts and managers. In addition, NERFI only hires instructors and
support staff willing and capable of being a team player. NERFI's ultimate goal is to
serve the needs of the customer by providing cost-effective, high-quality training and
education in forensic DNA and leadership assessment. Nearly all of the current NERFI
instructors, support staff, and expert contractors have participated in all twelve DNA
academies and countless workshops. For Modules A-C, NERFI trainers used various
methods of instruction for the AB 3130xI™, AB RT-PCR™, and Leadership Assessment
Workshops. For example, the AB 3130xI™ training used a combination of PowerPoint
lectures (Appendices 2, 3, and 4) with hands-on instruction, whereas the AB RT-PCR™
employed mostly traditional lectures (Appendices 8 and 9). Both the AB 3130xI™ and
AB RT-PCR™ instituted an interactive review session prior to the final examination.
Instructors for the Leadership Assessment workshop predominantly used round-table
discussions of case studies from journal articles; example-driven discussions on critical
topics; and role-playing with modeling combined with traditional PowerPoint
presentations (Appendix 14).

Assessment and Evaluation

NERFI's professional development curriculum incorporates trainee performance
measures and assessments that are substantially more rigorous than those typically found
in traditional forensic training programs. For example, trainees in the AB 3130xI™ and
AB RT-PCR™ workshops were required to earn a grade of ‘B’ or better on their final
written examination (Appendices 5, 10 and 11) in order to receive a NERFI completion
certificate. All workshop examinations were developed and reviewed by a team of
NERFI instructors and staff, and each examination was graded for content by at least two
instructors. NERFI has continuously improved the professional development program
from feedback provided by: past trainees, NERFI and UAlbany faculty and staff, and
members of the forensic science and criminal justice community.

Dissemination:

NERFI explored several avenues to inform the community about its grant-funded training
opportunities. Approximately four thousand brochures were sent to the forensic
community in February 2009; John Hicks and Dr. Becker spoke at sessions during the
37" Annual ASCLD Symposium on September 16, 2009; and encouraged word of mouth
between members of the forensic community familiar with NERFI's quality

programming.
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Unfortunately, there was limited response, with many laboratory
managers/supervisors/directors suggesting travel and per diem be included along with
workshop attendance. Based on feedback from the forensic community and poor
response generated from advertising, NERFI sent NIJ a revised budget for award 2008-
DD-BX-K301 of which was approved on July 10, 2009. The revised budget included
trainee travel and per diem for all workshops under this award. NERFI also updated their
website in early May 2009 with information on Module #1 workshops and linked the
newly updated website to NIJ’'s websibéd://www.ojp.usdoj.gov/nij/training/welcome. hym

many inquiries from all over the U.S. (and world-wide) were received.

NERFI also held a one-day conference on May 28, 2009, inviting laboratory directors,
technical leaders, and supervisors from the northeast to discuss the upcoming AB
3130xI™, AB RT-PCR™, and managerial workshops - as well as other possible future
training opportunities. Those in attendance were also asked to complete a brief survey
regarding training. From the information gathered, NERFI was able to determine that
these technologies (Applied Biosystems’ capillary electrophoresis 3130xI and real-time
PCR 7500) were priorities. Next, NERFI set about delivering programs to fulfill the
needs expressed by the community. As such, the following dates were scheduled for the
above mentioned workshops:
« A: AB 3130xI™ Training
(Three separate weeks of lecture plus hands-on training for 6-8 trainees)
o January 11-15, 2010, at Westchester County Forensic Lab
0 January 25-29, 2010, at NERFI
o February 8-12, 2010, at Honolulu Police Dept.
* B: ABRT-PCR™ Training
(Two 2.5-day training sessions for at least 6 trainees per session)
o June 3-5, 2009, at Massachusetts State Police Crime Laboratory
o0 January 5-7, 2010, at Westchester County Forensic Lab
* C: Leadership Assessment Workshops
(Two 2-day training sessions for 6-10 trainees
0 January 14-15, 2010, at NERFI
o February 18-19, 2010, at NERFI

3. Results: A-C

A: AB 3130xI™

(Three separate weeks of lecture plus hands-on training for 6-8 trainees)
December 7-11, 2009, at NERFI:

NERFI had to cancel the first AB 3130xI™ due to lack of attendees.

January 11-15, 2010, at Westchester County Forensic Lab:

Six trainees from the Westchester County Crime Laboratory (Table 1) were in attendance
for this on-site workshop held Jan. 11-15, 2010. Three of the trainees had several years of
experience and were acting as casework scientists. The other three were technicians,
processing case samples in the lab. All of the trainees were well-versed in the use and
maintenance of the 3130 instrument.
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The workshop began with theoretical lectures on electrophoresis, the 3130x! instrument,
and GeneMapper® ID (Appendices 2, 3, and 4). Because many of the trainees possessed
years of hands-on experience with the 3130xl, and the group showed a heightened
interest, NERFI staff chose to focus the workshop on the analysis and interpretation of
electronic simulated case data, beginning with simple data followed by more challenging
and complex.

On the final day of the workshop, NERFI staff held a review session and presented
information on the recently released AB GeneMapper® ID-X software. In addition, each
trainee completed a final exam (Appendix 5), an evaluation form, and received a
completion certificate. Table 1 below describes each attendee, their associated agency,
and whether or not they received a completion certificate.

Table 1: Participants and their Agency— January 11-15, 2010 at Westchester Lab

Last Name First Name Agency Certificate

Westchester Co. Crime

Vialotti Angela Lab X
Westchester Co. Crime

King Nicole Lab X
Westchester Co. Crime

Leung Helen Lab X
Westchester Co. Crime

Gonzalez Lissette Lab X
Westchester Co. Crime

Davis Alexandra Lab X
Westchester Co. Crime

Bradshaw Niyrai Lab X

January 25-29, 2010, at NERFI:

Nine students from across the continental U.S. descended on the University at Albany /
Northeast Regional Forensic Institute the week of January 25-29, 2010, for a 5-day
workshop on Capillary Electrophoresis & Data Analysis.

There were several trainees attending this workshop (Table 2) that were currently
responsible for instrumentation maintenance in their labs, as well as one individual who
was slated to be the first analysts in a new DNA section. In addition, another trainee was
working as a fingerprint examiner with no prior DNA bench experience, with the
remaining students somewhere in between.

NERFI staff started the workshop with theoretical lectures on electrophoresis, the 3130xl
instrumentation, and GeneMapper® ID v3.2.1 (Appendices 2, 3, and 4). Afterwards, each
trainee did analysis and interpretation using GeneMapper® ID v3.2.1 from electronic
simulated case data. All trainees were required to replace the 16-capillary array, perform
both routine polymer delivery system maintenances, and both the spatial and spectral
calibrations on the 3130xl. The workshop concluded with a presentation on
GeneMapper® ID-X software and a review session. Each trainee completed the required
exam and course evaluation.
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Table 2 below describes each attendee, their associated agency, and whether or not they
received a completion certificate.

Table 2: Participants and their Agency— January 25-29, 2010 at NERFI

Last Name First Name Agency Certificate

Los Angeles County

Hou Geoge Sheriff's Office X

Couch Amy AZ DPS X

Fejes Ildiko AZ DPS X
TX Dept. of Public

Oliver Dianne Safety X

Bryan Lauren North LA Crime Lab X

Punte Dana North LA Crime Lab X

Ho Ranee St. Louis Metro PD X

Smith Juline Trinity DNA Solutions X
Oakland Co. Sheriff's

Lockhart Brigid Office X

February 8-12, 2010, at Honolulu, HI:

Eight scientists, including the DNA Technical Leader, from the Scientific Investigation
Section of the Honolulu Police Department (Table 3), hosted and participated in the
Capillary Electrophoresis & Data Analysis workshop on-site. The workshop consisted of
several theoretical lectures (Appendices 2-4) and introductory 3130xI| instrumentation
hands-on work as well. Because many of the trainees already had years of hands-on
experience with the 3130xI, NERFI staff spent the majority of the workshop on the
analysis and interpretation of electronic simulated data sets and providing a lecture on
real-time PCR.

On the final day of the workshop, the trainees participated a review session covering the
instrumentation and GeneMapper® ID v3.2.1 software. Afterwards, each trainee
completed the required exam (Appendix 5) and workshop evaluationTabte 3 below
describes each attendee, their associated agency, and whether or not they received a
completion certificate.

Table 3: Participants and their Agency—February 8-12, 2010 at Honolulu, HI

Last -

Name First Name Agency Certificate
Matsuoka Cathy Honolulu Police Dept. X
Chua-Chiaco Barrie Honolulu Police Dept. X
Kashimoto Samantha Honolulu Police Dept. X
Tsang Elizabeth Honolulu Police Dept. X
Crabbe Sean Honolulu Police Dept. X
Fuller Kim Honolulu Police Dept. X
Esaki David Honolulu Police Dept. X
Young Michael Honolulu Police Dept. X

B: Two 2.5-day training sessions on “Real-Time PCR Using ApplieBiosystems’
7500 Instrument & Chemistries”
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June 3-5, 2009, at Massachusetts State Police Crime Laboratory

Thirty-six scientists from four New England Forensic Laboratories attdnatedJune 3-

5, at Massachusetts State Police Crime Lab (TabteelAdvanced Lecture with Bruce
McCord Ph.D., the Introductory Lecture with NERFI staff, or both. This 2.5-day
workshop was divided into one day of Advanced Lecture (Appendix 9) followed by one
and a half days of Introductory Lecture (Appendix 8).

The Advanced Lecture (Appendix 9), presented by Bruce McCord from Florida
International University, consisted of five separate lectures covering a range of topics
related to and affecting quantitation (via real-time PCR) of human DNA in forensic
casework. Topics included: 1) DNA Quantitation by Real-Time PCR: Advanced Issues,
2) Investigation of the Effects of Sample Degradation and Inhibition in Forensic DNA
Typing with Reference to gPCR, 3) A Comparison Between Plexor and Quantifiler Duo,
4) gPCR and Low Copy Template, and 5) Y STRs and gPCR. Dr. McCord lectured
throughout the day and answered, as well as posed, insightful questions as he went. The
attendees were engaged and focused.

The Introductory Lecture (Appendix 8) with NERFI staff began with an in-depth look at:
why there is a need to quantitate, possible outcomes of not quantitating, history of
guantitation, Polymerase Chain Reaction, Real-Time PCR, Fluorescent Detection (Stokes
Shift & Emission Spectra), Filters, Multicomponent Analysis, AB Human Quantifiler Kit,
TagMan Probe Technology, Definitions associated with Real-Time Analysis, Standard
Curves and three criteria (slope, y-intercept, correlation coefficient), Troubleshooting the
Standard Curve, Instrument Calibrations, and a Software Demo. The trainees were then
divided into groups of two and issued laptops with SDS software and sample data. The
trainee pairs were encouraged to explore the many functions of the software as the
instructors worked with each pair individually.

The following day the students reviewed with NERFI staff all of the material covered in
the past two days in a game of RT-PCR Jeopardy followed by a final examination
(Appendices 10 and 11) and an evaluation of the workshop. The NERFI staff found this
method of review to be very successful; the students were very engaged and interactive.
Table 4 below describes each attendee, their associated agency, and whether or not they
received a completion certificate.

Table 4: Participants and their Agency—June 3-5, 2009 at Massachusetts Lab

Last .
. Agenc Certificate
Name First Name 9 y
City of Boston Crime
Ross Joseph Lab X
. City of Boston Crime
Lynch Julie Lab X
Webster Rebecca City of Boston Crime
Lab X
. City of Boston Crime
Pilla Angela Lab X
Muniec David Maine State Police Lab X
Sabean Jennifer Maine State Police Lab X
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Waterhouse Christine Maine State Police Lb X
. . Vermont Forensic
LaFountain Marcia
Laboratory X
Herrick Rebekah Vermont Forensic
Laboratory X
Drugan Cailin Massachusetts State
9 Police X
Massachusetts State
Farnam Leanna )
Police X
Harrinaton Kim Massachusetts State
9 Police X
Walsh Sharon Ma_ssachusetts State
Police X
Squedlia Joanne Massachusetts State
gueg Police X
Haddad Sandra Ma_ssachusetts State
Police X
. . Massachusetts State
Ruiz Elisse .
Police X
Tremblay Kara Ma_ssachusetts State
Police X
. . Massachusetts State
Jennings Laurie -
Police X
. Massachusetts State
Ordyna Chrissy Police X
. Massachusetts State
Simson Crystal .
Police X
. . Massachusetts State
Sullivan Kristen :
Police X
. . Massachusetts State
Collins Sidney Police X
Gould Kathleen Ma_ssachusetts State
Police X
Massachusetts State
Barber Amy Police X
Massachusetts State
Scott Abbey Police X
Brachold Jaime Ma_ssachusetts State
Police X
Lemire Christine Ma_ssachusetts State
Police X
Frederick Alanna Ma_ssachusetts State
Police X
. Massachusetts State
Marengo Denise .
Police X
. . Massachusetts State
Lindauer Kim -
Police X
Wilcox Kenton Ma_ssachusetts State
Police X
Dindinger Matt Ma_ssachusetts State
Police X
O'Connor Jessica Ma_ssachusetts State
Police X
. Massachusetts State
Schneeweis Lynn

Police

did not attend full
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January 5-7, 2010, at Westchester County Forensic Lab:

Twenty-six scientists from three New York Forensic Laboratories attended the Advanced
Lecture with Bruce McCord (Jan. 8, 2010), the Introductory Lecture with NERFI (Jan. 6-
7, 2010), or both. The Advanced Lecture, presented by Dr. Bruce McCord covered the
same topics and material presented during June 3-5, 2009. The Introductory Lecture with
NERFI staff covered the same topics as described above during the June 3-5, 2009 RT-
PCR. On the last day of the workshop, a review session was held using the Jeopardy-type
format. Once again the NERFI staff found this method of review to be extremely
successful. At the conclusion, each attendee completed the assessment examination
(Appendices 10 and 11) as well as an evaluation form. Table 5 below describes each
attendee, their associated agency, and whether or not they received a completion
certificate.

Table 5: Participants and their Agency—January 5-7, 2010 at Westchester Lab

Last . .
First Name Agency Certificate
Name
Westchester Co. Crime
Ramprashad Alanna Lab X
Davis Alexandra \If\;%stchester Co. Crime X
Vialotti Angela \If\gla)stchester Co. Crime X
D'Amato Chris \If\gistchester Co. Crime X
San Pietro David \If\gistchester Co. Crime X
Schwartz Elayne \If\gistchester Co. Crime X
Westchester Co. Crime X
Leung Helen
Lab
O'Connor Holly \If\gistchester Co. Crime X
. Westchester Co. Crime X
Hoey Jaime
Lab
. . Westchester Co. Crime X
Reilly Jennifer Lab
Chernjawski Joselyn \If\;%stchester Co. Crime X
MacLaren Kevin \If\;%stchester Co. Crime X
. Westchester Co. Crime X
Gonzalez Lissette Lab
Stout Lynn Westchester Co. Crime X
Lab
. Westchester Co. Crime X
Tsocanos Maria Lab
Westchester Co. Crime X
Eustace Mary Lab
King Nicole Westchester Co. Crime X
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Lab
Bradshaw Niyrai-Daun \If\;%stchester Co. Crime X
Walters Samantha \If\;%stchester Co. Crime X
Flaherty Susan \If\gla)stchester Co. Crime X
Baumann Bob Suffolk Co. Crime Lab X
Scioli Ramona Suffolk Co. Crime Lab X
Wallman Rebecca Suffolk Co. Crime Lab X
Gettig Russell New York State Police X
Murray Lola New York State Police X
Brown Tory New York State Police X

C: Leadership Assessment Workshops

(Two 2-day training sessions for 6-10 trainees

January 14-15, 2010, at NERFI

The first group of forensic managers attending Leadership Assessment: Developing the
Next Generation of Leadeis January, 201ihcluded three lab directors, an assistant
director, three managers, and a lab supervisor, two lab managers, and a senior scientist
from various forensic sections — crime scene, biology, latent prints, drug analysis, trace,
and QA (Table 6). All of the nine participants had some management experience, from as
little as 3 to as much as 21 years. As shown in Table 6, experience in forensic science
ranged from 7 to 30 years.

Table 6: Participant Position and Experience—January 14-15, 2010 at NERFI

. . Years of Forensic Years in Years in Current
Participant Title .
experience Management Job
Director 30 21 2
Assistant Director 255 10 2
Director 22 13 10
Quality Manager 21 20 4
Lab Manager 18 3 1
Section Supervisor 17 11 11
Director 15 10 1
Lab Manager 14 10 10
Senior Scientist 7 3 3

The first day of the two-day workshop began with a look at the leadership challenges
facing lab managers today, including forensic scientist turnover. This was followed with
an overview of the need for responsive leadership in forensic labs as implicated in the
NRC'’s Strengthening Forensic Science in the United State: A Path Fo(NAS

Report, 2009and of the importance of leadership training in such a technology-intensive
field. After acknowledging the paucity of forensic lab management studies, Dr. Becker
summarized the lessons learned from the few management studies that have been
conducted in forensic lab situations. Dr. Pavur compared the roles of the forensic scientist
and the supervising scientists, which centered on the nature of intellectual capital. Both
instructors also discussed methods of assessing and managing intellectual capital by
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focusing on various models of organizational behavior — creating Forensic Advisory
Boards for stakeholder input, “people make the place,” tira@&ion-Selection-
SocializationAttrition (ASSA) framework, and STAR interviewing practic&gation

or Task, Action, Result).

The second day began with a tour of the New York State Police Forensic Investigation
Center followed by instruction and discussion of management leadership theory,
concentrating on the theories of Mary Parker Follett and the relationship between power,
leadership and conflict. Dr. Becker introduced the concepts of empowerment and
collaborative learning (Dr. Gary Yukl’s articles) and offered specific strategies for
effective leadership. Both instructors ended the workshop by leading a role play activity
involving experimentation with eleven influencing behaviors.

Over the two days, the NERFI Leadership Assessment workshop engaged in co-
instructional techniques of case studies from journal articles, example-driven discussions
on critical topics, Power Point presentations, and role play with modeling. Table 7 below
describes each attendee, their associated agency, and whether or not they received a
completion certificate.

Table 7: Participants and their Agency—January 14-15, 2010 at NERFI

First o
Last Name Agency Certificate
Name
Adamo Robert Westchester Co. Crime
Laboratory X
Baral Sanghamitra Prince Geoge's Co. PD X
Crenshaw Karin Palm Beach Co.
Sheriff's Office X
Grady David Worchester PD X
. Johnson Co. Crime
Kamb Valerie Laboratory X
Lakhkar Bharat Westchester Co. Crime
Laboratory X
Mayo Nellie Prince Geoge's Co. PD X
Murga Kim Las Vegas Metro. PD X
Eastman Dr. Allison Fore_r_13|c \dentity &
Profiling X

February 18-19, 2010

The second group of forensic managers attendéaglership Assessment: Developing the
Next Generation of Leadeirs February, 2010ncluded one director, a forensic science
coordinator, three supervisors, a senior scientist, two technical leaders, a quality manager,
and a latent print examiner with no management experience. Professionals from the
forensic science fields of DNA, drug chemistry, crime scene, firearms and toolmark, QA
and latent prints were represented in this session (Table 8). Nine of the ten participants
had some management experience, from as little as 6 months to as much as 9 %z years.
Experience in forensic science ranged from 3 to 24 years. Table 8 below summarizes the
position and experiences of the ten participants.
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Table 8: Participant Position and Experience—February 18-19, 2010 at NERFI

. . Years of Forensic Years in Years in Current
Participant Title .
experience Management Job
Senior Scientist/QM o 3 2
Manager
Senior Scientist 20 0 0.3
Technical !_eader, 19 15 10
Supervisor
FS Coordinator 17 9.5 9.5
Supervisor 15 3 3
Director 14 4 4
Superwsor_of Forensic 11 4 4
Services
Technical Leader 11 2.5 25
Supervisor 5 0.58 0.58
Latent Print Examiner 3 0 0

The workshop content presented, and activities conducted, were nearly identical to the
first workshop.

Table 9 below describes each attendee, their associated agency, and whether or not they
received a completion certificate.

Table 9: Participants and their Agency—February 18-19, 2010 at NERFI

Last Name First Name Agency Certificate

Ohio State Highway

Werry Brandon Patrol X
DuPage Co. Sheriff's

Saul Doug Crime Lab X

West Sarah MS Crime Lab X
Westchester Co. Crime

Duffy Linda Laboratory X

. Montgomery Co. Crime

Gombos Jennifer

Lab X
- FL Dept. of Law

Spannhake William Enforcement X

Anderson Denise Sorenson Forensics X

Davis Paul Burlington Laboratories X

Hurbanek Nichole New York State Police X

Levine Cathryn NY State DCJS X

4. Conclusions and Implications: A-C

A: AB 3130xI™

(Three separate weeks of lecture plus hands-on training for 6-8 trainees)

A total of twenty-three DNA Analysts attended three different AB 3130xI™ workshops.

A fourth workshop was originally scheduled for the week of December 7, 2009, at
NERFI—unfortunately, the workshop was cancelled due to a lack of interest. Feedback
from the forensic community indicated that the lack of interest was due to the workshop’s
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scheduling too close to the holiday season, and that most DNA analysts had already
satisfied their required 8 hours of continuing education for 2009.

Each workshop varied in content due to the level of expertise—however, the basic theory
of capillary electrophoresis and GMID software, plus the data analysis and interpretation
using simulated data was included for all three workshops. In addition, trainees also had
hands-on training with the AB 3130xI™. All three workshops reviewed the material

prior to taking the final examination. Attendees who were present for the entire workshop
and who passed the assessment exam (letter grade of ‘B’ or better) were issued a
completion certificate (Tables 1-5, 7, and 9). All attendees patrticipating in the NERFI
workshops passed with a ‘B’ or better. NERFI goes to great lengths to present the
information in various formats: presentation, handouts, animation, and discussion - by
more than one instructor, with interactive review sessions, to ensure the students in the
group have the best possible chance of coming away with the intended knowledge. In
addition, one of the necessary qualifications of a NERFI instructor is that they are
knowledgeable, approachable and have years of forensic science training and education
experience. These traits have proven to be invaluable when trying to engage students and
encouraging them to ask questions when they are unsure. NERFI instructors are also well
versed in recognizing students that may be apprehensive and approaching them after
lectures, starting conversations, and enticing questions from these students that may not
otherwise ask.

A program evaluation for all three AB 3130xI™ workshops provided feedbak (1 to

5 Excellen} on five areas: Program Overall, Speakers, Quality of Audio-Visual, Quality
of Handouts and Facilities (Appendix 6). Attendees rated the program very high,
especially with regard to the Course Overall and Instructors, with comments indicating
the topics covered were venformativeand thoroughThe instructors themselves were
described as clear and well-spolard sufficiently answered all of theestions

Participants enjoyed the small group interaction and commented that they would like to
see similar offerings in the future.

B: Two 2.5-day training sessions on “Real-Time PCR Using ApplieBiosystems’

7500 Instrument & Chemistries”

NERFI originally proposed at least six trainees per training session. However, a total of
sixty-two DNA Analysts attended the two 2.5-day training sessions on Real-Time PCR
Using Applied Biosystems’ 7500 Instrument & Chemistries. The interest level for the

two RT-PCR workshops was exceptional for two reasons. First, having two separate
host-sites in the northeast allowed more trainees to attend per session. Second, many of
the trainees appreciated the advanced lectures on real-time PCR presented by Dr. Bruce
McCord from Florida International University. However, high marks from trainee
feedback, for both workshops, were given to NERFI staff for their Introductory RT-PCR
presentations (Appendix 12).

C: Leadership Assessment Workshops

(Two 2-day training sessions for 6-10 trainees
January 14-15, 2010, at NERFI
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An evaluation requested scored feedbdubof 1 to 5 Excellenton five areas: Program
Overall, Speakers, Quality of Audio-Visual, Quality of Handouts and Facilities

(Appendix 16). Participants scored all aspects of the program favorably, with the highest
marks given to the speakers themselvgsrafessional, knowledgeable, highly

specialized, and effectivdrarticipants enjoyed the small group interaction and
commented that they were leaving with management tools they could use in their current
positions.

February 18-19, 2010, at NERFI

A program evaluation requested scored feedbokr(1 to 5 Excellenton five areas:
Program Overall, Speakers, Quality of Audio-Visual, Quality of Handouts and Facilities.
Participants scored all aspects of the program favorably, with the highest marks given to
the Program Overall and a comment indicating the topics covered were useful (Appendix
16). The instructors themselves were describagtgsknowledgeable and praised for
prompting very thought-provoking discussioRarticipants enjoyed sharing experiences
with other forensic scientists. Small group interaction and commented that they would
like to see similar offerings in the future.

The most interesting /useful topics included influencing tactics, the relationship between
morale and retention, and the psychology of being a leader.

The instructors for the Leadership Assessment workshop revised the content and
schedule for the second session based on the comments from the first session participants,
the experience level of the second group, and questions from the participants on the first
day. The January group indicated that the influencing tactics were quite useful.

Therefore, the instructors moved that activity to the first day to provide more time to
practice influencing behaviors. In addition, there was discussion on morale, engagement,
and loyalty, based on questions from the January session. The February group (Table 8)
had fewer long-tenured senior managers or directors than the January group (Table 6), so
the second day included more team relationship and customer aspects, and less material
on external liaisons for upper management. As the instructors make adjustments to meet
the needs of the participants, some of the PowerPoint presentations are modified and do
not follow the pre-printed handouts.

Lessons learned, future thoughts for improved workshops:

Over the years NERFI has relied heavily on feedback from the forensic community for all
of its education and training programs. For example, after each training session NERFI
instructors and staff review evaluations and revise the curricula accordingly. NERFI has
future plans for all potential attendees to complete a brief questionnaire before attending
a workshop. Some of the topics covered in the newly developed pre-workshop
guestionnaire will include: level of experience, current job title, and training and
education needs. Armed with this information, NERFI plans to offer two workshops for
each topic in the future, one introductory and one advanced. This approached was used
for the real-time PCR workshop and the NERFI instructors found this method of
instruction to be very successful. It was noted that this information would have been very
useful for the 3130xI™ training workshop.
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After reviewing the Leadership Assessment evaluation forms it was determined that the
attendees would like to extend the workshop to include one more day. One experienced
manager explained it quite well when she commented that she felt like she had the
background after two days and was ready to use it if she had just had one more day. Part
of the issue is that the sessions are mixed with new managers, people in line of
succession to be managers, and very experienced managers. Because of this, the
instructors covered all -- theory, research -- and yet still offered training in specific skill
sets. New managers acquired a huge amount of what they needed but experienced
managers, while appreciating the theory and research, are ready for the more seasoned
business management approach which there was just not time for in these sessions.

Implications for the field of criminal justice and the study of forensic science

Because of the recent economic downturn and budgetary constraints, training budgets are
the first items to be eliminated in most forensic science labs. However, the FBI Quality
Assurance Standards require that all DNA Analysts receive at least 8 hours of continuous
education each fiscal year. In Modules A-C, over 100 trainees from across the nation
received their annual mandatory professional development by successfully completing

the NERFI 3130XL, RT-PCR or Leadership Assessment for Managers workshops. More
importantly, all trainees received this specialized and required training free-of-charge.

All of the trainees that took the written examinations scored at least an “80” or better (no
failures) with an overall average of 90.38.

Dissemination

NERFI is in the process of producing a peer-reviewed report on the various methods of
training currently being done throughout the forensic science community. Information
obtained from the 3130XL, RT-PCR or Leadership Assessment for Managers workshops
will be included in this paper, and presented to scientists, policy makers, and practitioners
at a criminal justice and scientific meetings.

D—Raman Method Validation--The use of Raman Technology to Detect Human
Biological Fluids
(Author: Dr. Igor Lednev)

1. Introduction: D

In recent years, forensic analysis has become one of the most growing areas of
bioanalytical chemistry (Brettell etal, 2007). The ability to identify traces of body fluids
discovered at crime scenes is a very important aspect of forensic investigations (Li, 2008;
Shaler, 2002; Jones, 2005). With DNA analysis being one of the most popular and
informative forensic techniques, it is imperative that any potential body fluid sample is
not destroyed during the initial identification process. Fluids such as blood, semen,
saliva, and vaginal fluid can be very useful in identifying a victim or suspect (Best,
2007), and they can also help answer questions regarding the events of a crime. An
analytical technique that could identify a particular body fluid rapidly, simply, and non-
destructively at the scene of a crime would be a valuable tool for forensic investigators.
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Virkler and Lednev have recently reported that Raman spectroscopy can be potentially
used to distinguish different body fluids (Virkler and Lednev, 2008) as well as provide
non-destructive, confirmatory identification of body fluids at the scene of a crime

(Virkler and Lednev, 2009). However, this analysis was carried out on only one sample
of each body fluid and did not take into account any variations that might occur between
different donors of the same fluid. Since each donor’'s sample is heterogeneous within
itself due to many different chemical components, we would also like to investigate the
effect these chemical components have on the Raman spectral components of a body
fluid. This paper investigates the role of heterogeneity within a sample as well as among
multiple donors for human semen.

In addition to blood, semen is one of the most prevalent body fluids found during

criminal investigations, especially in cases involving sexual assault (Shaler, 2002). There
are currently several tests, both presumptive and confirmatory, that can be used to
identify an unknown fluid found at a crime scene to be semen (Virkler and Lednev,

2009). Some of the popular presumptive tests include searching for stains using an
alternate light source (ALS) and looking for the presence of seminal acid phosphatase
(SAP) using chemical tests (Li, 2008; Greenfield and Sloan, 2003). Some commercial
ALS instruments have been developed such as the Wood’s Lamp (Santucci et al, 1999),
Bluemaxx™ BM500 (Nelson and Santucci, 2002), Polilight® (Vandenberg and
vanOorshot, 2006), and the Lumatec Superlight 400 (Fielder et al, 2008), but these are
not exclusive to semen identification and can only be used as a screening technique. The
tests for SAP (Li, 2008; Watson, 2004) are much more reliable, but they are destructive
to the sample and there is still some potential for false positive results. The most popular
methods for confirmatory identification of semen include the microscopic visualization of
sperm cells using specific stains and immunological tests for prostate specific antigen
(PSA) (Li, 2008; Greenfield and Sloan, 2003). The staining method will of course not be
helpful if the donor is azoospermic, so this technique has limited applications including
having to perform the test in a laboratory. Several commercial PSA test kits which can
be used at a crime scene have been developed including Biosign® PSA (Maher et al,
2002), OneStep ABAcard® (Hochmeister et al, 1999), Chembio, Medpro, Onco-screen
(Healy et al, 2007), PSA-check-1, Seratec® PSA Semiquant (Hochmeister et al, 1999),
and SMITEST (Sato, etal 2002; Yokota et al, 2001). Like with the presumptive tests,
these PSA test kits do show false positive results and are destructive to the sample.

The destructive nature of both the presumptive and confirmatory tests is the largest
concern that needs to be addressed. Sometimes a very small amount of semen evidence
can solve a case if examined properly, so it is crucial that the available evidence is
processed efficiently and non-destructively so that further analysis, including DNA

typing, can be performed (Budowle and vanDaal, 2009) . Another issue is the potential
of false positive results (Denison et al, 2004). The current easy-to-use test kits do not
absolutely confirm the presence of semen either in pure form or as part of a stain. The
forensic community is in great need of a reproducible, non-destructive, and portable
method that can exclusively identify the presence of semen at a crime scene and
distinguish it from other body fluids.
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Raman spectroscopy is a forensic technique that has increased in popularity over the last
several years (Macleod and Matousek, 2008; Bartick, 2002), and it can be paired with
infrared (IR) absorption spectroscopy to gain information about the structure and
properties of materials based on their vibrational transitions (Nafie, 2001). Some
applications being used today involve the identification of fibers (Thomas et al, 2005),
drugs (Hodges and Akhavan, 1990), and lipsticks (Rodger and Broughton, 1998), as well
as ink (Mazzella and Buzzini, 2005), paint (Suzuki and Carrabba, 2001), and condom
lubricant (Coyle and Anwar, 2008) analysis. The theory behind Raman spectroscopy
involves the inelastic scattering of a low-intensity, monochromatic, and nondestructive
laser light by a solid, liquid or gas sample. There is little to no sample preparation, and
no reagents are needed for analysis. Most importantly, the required amount of sample
needed for Raman analysis can be as low as several picograms or femtoliters, and the
sample will not be destroyed so that further analysis can still be performed. A typical
Raman spectrum reveals a specific vibrational signature of the sample being measured
based on the energy of the scattered light, and this feature is very useful in identifying an
unknown substance. Raman spectroscopy is also very appropriate for the analysis of
disordered and heterogeneous samples (Colomban and Gouadec, 2009) which are
common properties of body fluids. Finally, Raman spectroscopy shows very little
interference from water (Grasselli, 1981) which makes it a great technique for analyzing
body fluids and their traces. Portable Raman spectrometers are available now
(Eckenrode et al, 2001; Yan and Vo-Dinh, 2007), and these designs along with advanced
software could be applied to the identification of semen at a crime scene.

Surprisingly, there have been no publications of any experiments involving the
identification of semen using Raman spectroscopy. The objective of this study is to
determine the heterogeneity of a dried semen sample from one donor as well as analyze
the qualitative variation among samples from different donors using NIR Raman
spectroscopy. Determining the specific principal components that contribute to the
overall spectrum of semen is an important task since it is unlikely that a single library
spectrum of semen will match an unknown semen sample. If careful statistical analysis is
not performed, there could possibly be a false positive result for another body fluid that is
similar in composition. The goal is to use automatic mapping to develop a spectroscopic
signature specific to dried semen which will be generated by combining multiple spectra
based on the different components that make up a basis sample due to heterogeneity. Our
hypothesis was that advanced statistical analysis could be used to separate the basis
semen spectrum into individual components, and that these components could potentially
be characterized based on the known chemical composition of semen. The characterized
principal components could then be used in a “multi-dimensional analysis” of dried

semen as opposed to a “single-dimensional analysis” which only involves the comparison
of a single average library spectrum. The principal components found from the basis
semen sample will be fitted to the average dried semen spectrum obtained from multiple
donors to illustrate the capability of a unique spectroscopic signature to be applied to all
semen samples. herein this study, the NIR Raman dried semen component spectra found
by analyzing a single semen sample as well as the spectra obtained from analyzing dried
semen samples from many donors. Preliminary assignments of major Raman peaks and
possible identities of the semen components were made based on literature data.
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2. Methods: D

2.1 Samples

A set of 50 semen samples were obtained from anonymous donors at an in-vitro
fertilization clinic. A small 10 puL drop of each sample was placed on a circular glass
slide designed for use with an automatic mapping stage and allowed to dry completely.
The samples were analyzed using automatic mapping that scanned a sample area of
75x75 pm and measured Raman spectra from 10 random points within the area with 6
ten-second accumulations at each point.

A single basis semen sample was prepared in the same way as the others, and automatic
mapping was again used scanning 36 random points with 6 ten-second accumulations at
each point. The spectra obtained from this sample were used to determine the number
and identities of the principal components of semen and to develop the spectroscopic
signature.

2.2 Raman Microscope

A Renishaw inVia confocal Raman spectrometer equipped with a research-grade Leica
microscope, 20x long-range objective (numerical aperture of 0.35), and WIRE 2.0
software were used. For the automatic mapping, the lower plate of a Nanonics AFM
MultiView 1000 system was set up under the microscope, and measurements were taken
using Quartz Il and QuartzSpec software. A 785-nm laser light was utilized for
excitation. The laser power on the dried samples was about 115 mW.

2.2 Data Treatment

All of the spectra obtained from the automatic mapping of the dried semen samples were
first treated using GRAMS/AI 7.01 software to remove any cosmic ray interference. The
spectra were then imported into MATLAB 7.4.0 for statistical analysis and normalized to
adjust for the varying amount of background interference in each spectrum. The number
of principal components in the basis sample was determined using significant factor
analysis (SFA), and the individual component spectra were extracted using the alternate
least squares (ALS) function. The components found in the original basis sample were
used to create a spectroscopic signature, and this signature was fitted to each average
spectrum found from the remaining semen samples. The Curve Fitting Toolbox in
MATLAB was used to perform residual analysis on the difference between the fitted and
experimental spectra, and “goodness-of-fit” statistics were calculated based on how well
the signature matched the experimental spectrum.

3. Results: D

3.1 Main approach

The main goals of this study were to determine the level of spectral heterogeneity of
human semen based on principal components and to find out how much variation there is
in the spectra from different donors. If there is very little change in the spectrum from

one donor to another, then the technique of Raman spectroscopy can be considered to be
reproducible in identifying a sample to be semen based on the application of a calculated
spectroscopic signature. This signature, which could be fitted to a semen sample
collected from any donor, could be produced based on several spectral components found
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in semen that are present due to the heterogeneous distribution of the many chemical
species in semen. A unique signature can ultimately be developed for other body fluids
as well so that an unknown body fluid discovered at a crime scene could potentially be

identified in a confirmatory manner.

3.2 Single Sample Heterogeneity
A single basis semen sample was used to develop the spectroscopic signature that would

be applied to all samples. The basis sample spectra were imported into MATLAB, and
SFA analysis was performed to determine the number of principal components that were
present. The results of this analysis (data not shown) indicated 6 principal components.
The ALS function was applied to extract the spectra of each of these components, and
further examination of the results revealed that there were actually only 3 unique
components that were spectral representations of the chemical species in the semen
sample. The remaining components consisted of background fluorescence, a virtual
duplicate of one of the 3 real components, and a nonsense component that appeared to
just be noise. Figure 1 shows the average spectrum of the basis sample along with the 3

principal components.
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Fig. 1. The average Raman spectrum of the basis semen sample (a), and the Raman
spectra of semen spectral components 1 (b), 2 (c), and 3 (d) with major peaks

labeled.
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The wave number range of 670-1750cim shown in the figure and will be the used to
create the spectroscopic signature since this is the region that contains most of the
important characteristic peaks. The major Raman peaks that define each component are
labeled and are listed in Table 1.

Table 1 — Raman peak assignments of dried semen

Raman shift Spectral Vibrational mode Chemical
(cm™h) component component
641 1 Ring deformation?® Tyrosine
715 2 CN stretching”® Choline
759 2 Ring vibrations (Trpy° Albumin
798 1 CH, deformations in ring’ Tyrosine
829 1 Ring breathing® *° Tyrosine
848 1 Ring bending® Tyrosine
888 3 Phosphate mod@ SPH
958 3 PQ,> sym. stretching” ** SPH
983 1 CH, wagging™® Tyrosine
1003 2 Aromatic ring breathing (Phé¥ Albumin
1011 3 CC stretching® ° SPH
1055 3 CN sym. stretching’ SPH
1065 3 PQ,> asym. stretching’” ** SPH
1125 3 CN asym. stretching’ SPH
1179 1 CH,/NHj; rocking™® Tyrosine
1200 1 CC stretching® Tyrosine
1213 1 CH, twist and rock”® Tyrosine
1240 2 Amid 1l * Albumin
1265 1 Sym. ring deformatiof Tyrosine
1317 3 CH vibration®® SPH
1327 1 Ring stretching® Tyrosine
1336 2 CH bending (Trpy~ ** Albumin
1448 2 CH,, CH; bend (Trp)*™” Albumin
1461 3 CH, bending™ SPH
1494 3 NH; sym. bending’ SPH
1616 1 CC stretching® Tyrosine
1668 2 Amid | * Albumin

Possible assignments and vibrational modes for each peak are also listed, and these
assignments were made based on the known composition of semen and literature data.

The spectral components of semen are complex, and some have contribution from
multiple chemical species. According to several literature sources (Altman, 1961; Owen
and Katz, 2005; Mann, 1975), some of the chemical components of semen that are
present in the highest concentrations are fructose, choline, spermine, citric acid, acid
phosphatase, and albumin. Other chemical components of lower abundance are glucose,
inositol, lactic acid, and urea. Despite this list of dominant chemical species, component
1 shown in Figure 1 appears to be a match to the amino acid tyrosine. The peaks at 641,
798, 829, 848, 983, 1179, 1200, 1213, 1265, 1327, and 161@mnaimost exactly the

same as peaks depicted in literature sources on the Raman spectrum of tyrosine (De
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Gelder et al, 2007; Johnson et al, 1986). There are also residual peaks from other
chemical species, but these are more dominant in the other two components. It is
surprising that a single amino acid would be found to be one of the major principal
spectral components of semen instead of a more complex chemical compound, but there
are free amino acids known to be in semen (Altman, 1961), and it is possible that tyrosine
is abundant in albumin and acid phosphatase which are both large contributors to the
composition of semen. Phosphorylated tyrosine residues have been reported to have a
protecting effect on the membranes of sperm cells and help stabilize lipids (Sancho et al,
2006), so an abundance of free tyrosine in semen is practical. In addition, it has been
found that tyrosine phosphorylation occurs when sperm undergo capacitation which is
necessary before fertilization (Liu et al, 2006).

It is obvious at first glance that component 2 is dominated by a protein due to the
presence of amid | and amid Ill (Carter and Edwards, 2001) peaks at 186dri240

cm?, respectively. It has been reported that the protein albumin makes up about one third
of the protein content of semen (Owen and Katz, 2005), therefore this is a logical
assignment as a contributor to component 2. Comparison of literature data on the Raman
spectrum of albumin supports this conclusion (Liang et al, 2008; lvanov et al, 1994), with
matching peaks occurring around 759, 1003, 1336, and 144&caddition to the amid

| and Il peaks already mentioned. It is also possible that the enzyme acid phosphatase is
contributing to this component due to its protein qualities and large abundance in semen,
but there is not a lot of literature data available to compare with, so albumin will be
considered the major contributor of component 2 for now. Finally, choline also appears
to be present in component 2. The large peak at 75<wery likely due to the C-N
symmetric stretch found in choline which has been previously reported (Edsall, 1943;
Koyama et al, 1977; Spiker and Levin, 1975). It is also likely that thes€Cidsoring in

choline is contributing to the peak at 1448 cf{oyama et al, 1977 his peak is very

large in component 2 so it is probable that more than one chemical species is contributing
to it. As with component 1, there are other peaks present that are much stronger in the
other two components, so they are not considered to be dominating in component 2.
Component 3 appears to oppose component 1 when comparing spectra from one donor
collected from different spots. When the peaks present in component 1 are strong, the
peaks for component 3 are weak and vice versa (Figure 2).
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Fig. 2. A dry trace of semen is strongly heterogeneous. Raman spectra acquired from
different spots in the same dried semen sample dominated by component 1 (a) and
component 3 (b).

The chemical contributor to component 3 was fairly simple like with the case of
component 1. The spectrum for component 3 is a match to spermine phosphate
hexahydrate (SPH) that has previously been reported (Bertoluzza et al, 1983; Eapen and
Joe, 1997). The peaks found in component 3 at 888, 958, 1011, 1055, 1065, 1125, 1317,
1461, and 1494 cthall appear in the known spectrum of SPH and are listed in Table 1
with vibrational assignments. As previously mentioned, spermine is present in large
concentrations in human semen, and it has even been the basis of forensic semen
identification in the past (Gonmori et al, 1994; Tsutsumi, 1987; Suzuki et al, 1980; Sato
et al, 1996). The basic nature of spermine causes it to interact with the phosphoric acid
groups of nucleic acids and form strong bonds (Bertoluzza et al, 1983; Eapen and Joe,
1997). This binding leads to a precipitation of SPH in semen (litaka and Huse, 1965).
These crystals were first observed by Leeuwenhoek in 1678 (van Leeuwenhoek, 1678),
and they have since been observed in semen as the fluid begins to dry (Rosenheim,
1924). These properties regarding the presence of SPH in semen make it an
understandable assignment of component 3. As with the other two principal components
of semen, component 3 contains residual peaks from chemical species which are more
dominant in components 1 and 2.

3.4 Multiple Donors

The second objective of this study was to determine the amount of spectral variation from
one semen donor to another. The first step was qualitative in nature and involved the

34



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(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

visual comparison of the average spectrum from all of the different donors. All of the
spectra appeared to be very similar and contained all of the same major peaks. There
were changes in intensity of some peaks for different donors, but this is expected since
the relative contribution of the chemical species in semen will likely change with each
donor and can even change within the same donor (Mann, 1975). Figure 3 shows the
average spectra of five semen samples (black lines) from different donors as an example
of their similarities. To demonstrate the spectral differences between body fluids, the
spectra of blood and saliva that we have previously reported (Virkler and Lednev, 2008)
are also included in this figure. Unlike the slight intensity changes within the semen
samples, blood and saliva have major peak differences which make them distinguishable.
The other features of Figure 3 will be discussed in more detail in the following
paragraphs.

After achieving visual confirmation that there is consistency among the spectra of semen
from different donors, a more quantitative approach was developed. A spectroscopic
signature was created that consisted of the 3 principal components found in the basis
semen sample along with a horizontal line and a line with a slope equal to that of the
fluorescence background. These five basis spectra were linearly fitted to the average
basis semen spectrum, and the two spectra overlapped very well. The spectroscopic
signature was also applied to the spectra from each of the remaining 49 semen samples to
determine if it could universally be fitted to a sample from any donor. Figure 3 shows the
fitting to only five representative semen samples, but all of the samples had very similar
fits. The bottom of Figure 3 contains the results of fitting the spectroscopic signature to
the spectra of blood and saliva, and it is visually obvious that they are very poor matches.
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Fig. 3. The average Raman spectra of five semen samples (black) with the fitted
spectroscopic signature (a-e), and the Raman spectra of blood (f) and saliva (g) with the
fitted spectroscopic signature.

These results qualitatively show the specificity of this signature to semen and its potential
ability to be used as an identification technique for forensic purposes.

A quantitative statistical analysis was performed to determine how well the spectroscopic
signature fit the experimental spectra. Using the Curve Fitting Toolbox in MATLAB, the
intensity values for the basis experimental spectrum and fitted spectrum were plotted on
an axis as the x- and y- coordinates, respectively. All of the spectra were normalized to a
maximum value of 1, so that is the highest value for both the x- and y- axis. Two
identical spectra would yield a scatter plot matching a line with the equation of y=x, so
this line was used for comparison and was fit to the plotted data points of the basis
sample evaluation to determine how close of a match the experimental spectrum and
signature were. The statistical result was three quantitative goodness-of-fit values which
statistically confirmed the qualitative match of the experimental and fitted spectra (Table

2).

Table 2 - Goodness-of-fit statistical results for semen signature fitting
Sample SSE R-square RMSE
Semen basis 0.0556 0.998 0.00630
1 0.299 0.990 0.0146
2 0.379 0.982 0.0164
3 0.450 0.979 0.0179
4 0.311 0.981 0.0149
5 0.319 0.979 0.0151
6 0.200 0.992 0.0119
7 0.324 0.987 0.0152
8 0.164 0.996 0.0108
9 0.161 0.992 0.0107
10 0.189 0.989 0.0116
11 0.107 0.996 0.00875
12 0.111 0.995 0.00888
13 0.122 0.995 0.00932
14 0.107 0.996 0.00875
15 0.281 0.987 0.0142
16 0.191 0.991 0.0117
17 0.460 0.984 0.0181
18 0.0645 0.999 0.00678
19 0.251 0.990 0.0134
20 0.0736 0.998 0.00725
21 0.118 0.996 0.00919
22 0.220 0.991 0.0125
23 0.0853 0.998 0.00780
24 0.174 0.993 0.0112
25 0.177 0.993 0.0112
Blood 1.38 0.967 0.0313
Saliva 2.25 0.822 0.0401
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These values are the sum of squares due to error (SSE), R-square, and root mean squared
error (RMSE). The SSE value measures the total deviation of the data points from the

y=x line, and a value closer to 0 means there are fewer random errors (Wakefield, 2008).
The R-square value indicates how well the y=x best-fit line explains variation in the data,
and a value closer to 1 indicates that a higher proportion of the variance is accounted for
by the line (Wakefield, 2008). A value closer to 1 also means that the fitted signature and
experimental spectrum are a better match. Finally, the RMSE value estimates the
standard deviation of the random data components. Again, a value closer to 0 indicates
that the y=x line is a better fit (Wakefield, 2008), and that the signature better fits the
experimental spectrum.

This same fitting procedure was performed for the remaining 49 samples. The graphical
result of a typical fit is shown for sample 22 in Figure 4A as an example. The top half is

a graph showing the fit of the line y=x to the comparison of the signature and sample, and
the bottom half is a plot of the residuals which are found by subtracting the best fit line
from the scatter plot. A residual plot with random points around zero that do not form a
pattern indicates a good fit (Wakefield, 2008), as is the case here. The results for SSE, R-
square, and RMSE for 25 of the 50 samples are shown in Table 2. As expected, the basis
sample results indicated the best match since that sample was the template for the
spectroscopic signature determination, but the statistical values for all of the samples are
very close fall within a certain range that suggests a good fit. To put in perspective how
well the signature fits the semen samples, it was also applied to the spectra of human
blood and saliva which we have already reported (Virkler and Lednev, 2008). The
goodness-of-fit statistics for those fits are listed at the bottom of Table 2, and it is easy to
see how poorly the semen signature matches the spectra of the other two body fluids
when all three statistics are taken into account. The R-square value for the semen
signature fit to blood is not too much different than the average fit to semen, but the SSE
and RMSE values definitely indicate a much worse fit. The visual results of the signature
fit to the saliva sample are also shown in Figure 4B.
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Fig. 4. Quantitative evaluation of the fitting quality. Comparison of the line y=x with the
semen signature fit for a semen sample (4A, top) along with the residual plot (4A,
bottom). The semen signature fit for a saliva sample (4B, top) along with the residual
plot (4B, bottom).

There is a large amount of disagreement between the best fit line and scatter plot in the
top graph, and there is an obvious pattern of digression away from zero in the residual
plot.
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As revealed in Figure 3, Figure 4, and Table 2, the semen signature closely matches the
experimental semen spectra and clearly does not fit the blood or saliva spectra. This
result shows that a spectroscopic signature created from one basis semen sample can be
fitted to multiple other semen samples from different donors, and this technigue can
potentially be used to identify an unknown sample to be semen without yielding a false
positive match with other body fluids. However, at this stage of the project, the
identification could be made only for individual body fluid traces (not mixtures of body
fluids) without any contamination or substrate interference as indicated above (steps for
further research).

4. Conclusions and Implications: D

A spectroscopic signature for human semen was developed based on the heterogeneous
chemical composition of semen using NIR Raman Spectroscopy. Statistical analysis
found that the spectrum of a dried semen sample contained three major spectral
components in addition to a fluorescent background component; a component matching
tyrosine, a component containing albumin and choline, and a component matching
spermine phosphate hexahydrate. The results demonstrated qualitatively that there are no
significant visual changes in the Raman spectra of dried semen acquired from multiple
donors, and that the spectrum of dried semen varies considerably when compared to the
spectra of dried blood and saliva. The combination of the three principal components can
be used as a unique spectroscopic signature to identify the presence of semen and
possibly distinguish it from other body fluids and substances of artificial nature found at a
crime scene. The signature’s specificity to semen is additionally reinforced by the
determination that two of the three spectral components are dominated by choline and
spermine, respectively, and these chemical components are unique to semen and have
been used as forensic identification techniques for semen in the past. This spectroscopic
signature can be fitted to all of the dried semen samples with high goodness-of-fit
statistical results, and this outcome shows how the signature can be applied to any human
semen sample to potentially identify it. This proof of concept experiment showed
promising results, but many more samples with known demographic information should
be investigated.

We envision the use of this method for nondestructive detection and confirmatory
identification of semen at a crime scene, both in its pure form and even as part of a stain.
A forensic investigator would be able to determine the true identity of a suspected semen
sample and whether it was pure and not contaminated. The ability to make these
identifications and conclusions, especially at the scene of a crime, would be major
progress in the area of forensic semen analysis. In addition, the ability to not damage the
sample while making these conclusions would be a valuable feature since it would allow
the possibility of additional testing on the same sample. More experiments need to be
performed involving semen stains on different materials such as clothing, paper, wood,
etc., but the technique introduced in this paper shows the potential for the Raman
spectroscopic signature of semen to be useful in identifying semen at crime scenes.

Continuing investigation of semen samples and other body fluids is currently taking place
in our laboratory. Future work will focus on developing unique spectroscopic signatures
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for other body fluids to support the assumption that the different fluids can be
distinguished from one another using Raman spectroscopy since they are composed of
different chemical components. In addition, a more advanced statistical method which
uses principal component analysis (PCA) to mathematically compare multiple spectra of
different body fluids as well as spectra from different animal species of the same fluid
will be tested in future work.

Implications for the field of criminal justice and the study of forensic science:

The needs and current status of various methods for detection and identification of body
fluids for forensic purposes are briefly outlined above. In much greater details, we have
disseminated this information in our recent review article “Analysis of Body Fluids for
Forensic Purposes: From Laboratory Testing to Non-Destructive Rapid Confirmatory
Identification at a Crime SceneFd@rensic Sci. Int. 2009, 188, 1-17). Great progress has
been made in developing multi-dimensional Raman spectroscopic signatures for dry
traces of various body fluids. In addition to the future research steps outlined above,
practical application of our new method will require the understanding (i) how aging
effect the spectral response from body fluid traces. In addition, our preliminary results
clearly indicate that Raman spectroscopy combined with advanced statistical analysis is
capable to (ii) differentiate species based on the blood traces. Another area of potential
expansion of the method capabilities is (iii) genetic profiling, which is of great

importance for forensic science. The overall project includes two major phases: Phase 1
targets the development and evaluation of the proposed novel methodology under
controlled (laboratory) conditions. Phase 2 will involve building and certifying a

portable easy-to-use automatic instrument based on the requirements identified in Phase
1.

40



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(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

MAIN BODY: Module—Forensic Science Impact in the Court Room
Author: Mr. Ronald Stevens

1. Introduction

This study will examine the extent to which forensic DNA technology is exploited in the
range of criminal investigations within Schenectady County and to assess the impact of
its use in the outcomes of the individual investigations and subsequent proceedings in
court. Published studies suggest benefits to the expanded use of DNA technology
(Cascio, 2000; Weedn and Hicks, 1998). Under this project, training will be developed
and instructed by NERFI staff for first responding officers on the identification and
collection of potential DNA evidence at “routine” crime scenes — a “routine” scene being
one in which the department’s crime scene/evidence collection unit would not typically
be deployed.

To further facilitate the use of forensic services — especially DNA testing — an integration
system initiative through Porter Lee will be set up to link the evidence management and
tracking systems of the Schenectady DAs office with the Schenectady PD and with the
NY State Police Forensic Investigations Center. When fully implemented, the
Schenectady County initiative will serve as the pilot for a wider proposal (subject to
available funding) linking ten Counties in the Capital Region as described herein.

Schenectady County is one of sixty-two counties in New York State, located in an area
known as upstate New York or the Capital District area and one of ten Counties within
the NY State Police Troop G territory. Schenectady County is 206 square miles in size
with a population of more than one hundred and fifty one thousand. The District
Attorney, Robert Carney, holds the highest office in the county judicial structure. Seven
organized law enforcement agencies operate within the County, the largest of which is
the Schenectady City Police Department. DA Carney’s office is staffed with
approximately thirty-seven employees. The Schenectady Police Department patrols the
City and is the sixth largest law enforcement agency within the State of New York. All
law enforcement forensic needs of the county are performed by the New York State
Police Forensic Investigation Center located just a few miles away in Albany.

The New York State Division of Criminal Justice Services (DCJS) annually provides the
following data in the “Crime Index Crime Summary 20@Bew York State Division of
Criminal Justice Services, 2008) Schenectady County years 2007 vs. 2008 statistics
indicate an increase in all categories except motor vehicle theft as illustrated:

Forcible Aggravated MV
Year Total Violent Murder Rape Robbery Assault Property Burglary Larceny Theft
2007 5,355 689 5 36 288 360 4,666 1,026 3,282 358
2008 5,634 740 9 43 311 377 4,894 1,124 3,482 288

% change  5.2% 7.4% 80.0% 19.4% 8.0% 4.7% 4.9% 9.6% 6.1% -19.6%

Law enforcement’s success in solving crime dependssability to identify, collect and
preserve physical evidence of probative value and then to present that evidence to a
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forensic laboratory for analysis. Based on studies cited above, the recovery of DNA
evidence in any criminal investigation is expected to improve the “solvability factor”
significantly through the exclusion or inclusion of suspects or particular acts and has been
demonstrated to significantly affect the course of the investigation and subsequent
judicial process (Becker and Dale, 2007; Dale and Becker, 2005).

To determine the scope and extent of the use of forensic DNA evidence within
Schenectady County, the primary service provider, the New York State Police Forensic
Investigation Center was asked to provide statistics on cases presented to them from all
law enforcement agencies within the County. The following graph displays a summary
of the data provided:

200
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W 2008
02007
02006
W 2005

Figure 1. Comparing the results of the Index Crime Summary to the Laboratory’s DNA
statistics on the same four (4) categories for period 2007 vs. 2008 provided the following
results.

Larceny

The Index Crime Summary 2007 vs. 2008 revealed an increase of 6.1% on reported
Larceny investigations whereas the laboratory reports an increase of 55.6% in Larceny
cases submitted with DNA evidence.

Burglary

The Crime Index 2007 vs. 2008 revealed an increase of 9.6% on reported Burglaries
investigations whereas the laboratory reports an increase of 14.3% in Burglary cases
submitted with DNA evidence.
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Robbery

The Index Crime Summary 2007 vs. 2008 revealed an increase of 8% on reported
Robbery investigations whereas the laboratory reports a decrease of 17.2% in Robbery
cases submitted with DNA evidence.

Homicide

The Index Crime Summary 2007 vs. 2008 revealed an increase of 80% on reported
Homicide investigations whereas the laboratory reports a decrease of 38.4% in Homicide
cases submitted with DNA evidence.

During the period covered by these data, it is significant to note the dramatic increase in
physical evidence submissions from law enforcement agencies within the County
requesting DNA analysis — especially for “non-traditional” DNA crimes.

2009 New York State Index Crime statistics are not yet available but will prove to be
extremely interesting as DNA submissions 2008 vs. 2009 increased for the reported
categories by 23.8%.

2. Methods

For purposes of this project, DA Carney authorized a part-time employee (a
representative of the Northeast Regional Forensic Institute) to be placed within his office
to serve the following functions:

» Liaison between the police agencies, the District Attorney’s Office, and the NYSP
Forensic Investigation Center

» Facilitate training for first responding (patrol) officers of the Schenectady PD in
the recognition, detection, and collection of forensic evidence - a total of eighty
officers (Appendix 17).

» Coordinate the acquisition and installation within the District Attorney’s Office of
a fully automated evidence inventory and disposition tracking system (purchased
from Porter-Lee, Schaumberg, lllinois) that is fully compatible with the system in
use by the Schenectady PD.

* ldentify and measure evidence collection data and, to the extent possible within
the period of this study, to monitor case outcomes:

o Types of crime reported

o Amount and types of evidence collected

o ldentify opportunities to apply new forensic technologies

o Determine impact of evidence and new forensic technologies on case
outcomes

Plea bargains and verdicts were reviewed. If evidence could have been collected that
may have improved the outcome of the case, police work was also reviewed. If the
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prosecutors could have further enhanced the case by seeking other evidence after arrest,
this was explored.

This project also attempted to evaluate the use and effectiveness of forensic technology in
the courtroom. Verdicts were to be examined and jurors asked after trial to voluntarily
take a survey to assist in determining how important the presence or lack of, forensic
science was in the verdict; however, as noted below, timely access to the jurors and to
individual cases before the courts was precluded by legal and policy considerations.

3. Results and Conclusions and Implications

Attempting to identify case outcomes became very problematic as the gathering of case
information critical to this study was challenging. Through a cooperative arrangement
with the State Police Forensic Investigation Center, a spread sheet was created from case
information gleaned from the laboratory DNA case submission information for years
2006 through 2008 but significant problems were encountered which precluded the
populating of this record as conceived in the original project proposal. Historical case
records are all paper boxed, labeled and stored at an off-site location to the limited office
space. The existing District Attorney’s office electronic records did not contain detailed
information on the nature of specific evidence items collected and forensic analysis
outcomes. In addition, the length of time required for a criminal case to go from arrest
and charging action to court disposition proved counterproductive to the strategies
originally conceived for this study. A significant amount of time was spent in the Special
Victim Unit which practices vertical prosecution, trying cases of domestic and sexual
assault. During the grant period, some time was spent actually observing trial testimony
of witnesses including testimony of forensic laboratory analysts in cases in which DNA
evidence was introduced.

One noteworthy case resulted in a sentence of 75 yrs. to life. DNA evidence played a
crucial role in the investigation of a sexual assault as the assailant was unknown and
unidentifiable to the victim who was rendered unconscious due to strangulation and very
severely beaten.

A review was conducted of sentences imposed in ten historical sexual assault cases. Five
of the cases resulted in plea bargaining and five resulted in trial. In the cases in which
plea bargains were negotiated, the sentences imposed averaged twelve years. The cases
that went to trial resulted in an average sentence of forty-two years.

An anonymous and voluntary survey form was designed to be completed by jurors when
available; however, upon review by the District Attorney and Counsel to the DA, it was
determined that such a survey would prove problematic based on a recent court decision
weighing post-trial interview and survey of jurors.

As an ancillary development in this project, the DA'’s office requested a review of two

1995 cold case homicides with DNA evidence that remain unsolved. After reviewing the
investigations and analyzing the evidence secured, a spread sheet was created organizing
and coordinating the evidence recovered at the scene. Several new items that potentially
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contain DNA evidence were identified. Several meetings were held with the District
Attorney’s office, Schenectady Police Department and the New York State Police
Forensic Investigation Center resulting in the submission of new evidence for testing and
resubmission of older DNA evidence.

“Crime Scene Analysis Evidence Collection and Packaging” training was conducted for
eighty one (81) officers (first responders) attending four 4-hour training sessions at the
Schenectady Police Department on forensic evidence recognition and collection
(Appendices 17 and 18) by NERFI staff covered under this grant. In addition, all eighty-
one officers received four hours of further training by Schenectady Police Department
staff (not covered by this grant) which included a redirection on policy and procedure
with regard to “routine” crime scenes. The Schenectady Police Department is
implementing a new policy where first response officers collect appropriate forensic
evidence from misdemeanor offenses, primarily automobile break-ins, for submission to
Forensic Investigation Center. The program included an overview of the New York
DNA Database program and qualifying offenders who are required to provide DNA
specimens to the Database (Appendix 18). Other lectures were given on the capabilities
of a forensic laboratory, the potential for effective use of DNA evidence, and general
contamination and collection issues. A Schenectady Police Department detective and
supervisor of the Crime Scene Unit provided a four hour agency specific collection and
processing training session to the officers, alternating with the forensic laboratory
training lectures.

The training provided officers with an overview describing the benefit of forensic
evidence to a criminal investigation, this included discussion of cases where forensics
was critical to identifying and convicting the perpetrator of the crime.

This grant provided the ability to purchase an evidence management system (“The Beast”
by Porter-Lee corp.) for the Schenectady County District Attorney’s Office. A system
from the Porter-Lee Corporation was purchased due to its compatibility with the
Laboratory Information Management System (LIMS) developed by the same corporation
currently in use by the Schenectady PD evidence management unit and the New York
State Police Forensic Laboratory. Not only will this evidence management system be
used to record and track the evidence in the District Attorney’s office it will also be used
to track the volumes of boxed case material needed for prosecution. These boxes are
stored throughout the District Attorney’s office until they are moved offsite. Additionally
the Schenectady Police Department is a subscriber to the Porter-Lee system and the
largest contributor to case load for prosecution by the District Attorney’s office. The
system has the potential of allowing the District Attorney’s office to remotely view the
evidence and case records of the Schenectady Police Department. This alone would
benefit a prosecutor in case preparation and evidence transfer for trial along with
assisting the two agencies in decisions needed for evidence retention and destruction. The
installation of this system would have made this study much more successful.
Unfortunately, full installation and operability could not be completed within the project
cycle.
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The case management system will be delivered and installed in the District Attorney’s

office by Porter-Lee during the month of March 2010. Though this grant will have

expired, the project manager retained under the grant, Ron Stevens, has agreed to assist in
the implementation and training to insure the successful implementation of this system.

When implemented, the Schenectady PD/Schenectady DA/State Police Forensic
Investigation Center integration project will serve as a pilot for a wider, ten County,
Capital Area Initiative linking these agencies with the Forensic Investigation Center. The
concept and basis for the expanded initiative is described further below.

Bipartisan legislation now pending in Congress would require the federal government to
collect data on the number of untested rape kits nationwide, and to prioritize the testing of this
evidence. A pending House bill also would provide incentives to state and local law
enforcement to eliminate the backlog of untested kits. The U.S. Department of Justice has
declared its support for initiatives that help assure rape kit evidence is processed on a timely
basis. When implemented, the integration project will help assure that criminal justice
agencies can readily and effectively identify criminal cases in which physical evidence has
been recovered and track the progress of laboratory analyses.

Other federal legislation has been proposed to establish DNA evidence retention requirements.
The legislation is in response to expressed concerns that such evidence may be subjected to
testing using technological advances unavailable at the time of the original crime and ensuing
investigation that may lead to new information bearing upon the guilt or innocence of suspects
or persons convicted of those crimes.

Criminal justice agencies face significant challenges in maintaining the integrity and control of
the wide variety of physical evidence recovered during the course of criminal investigations.
Automated systems are available from several sources that are designed to aid in inventory
control, in documenting the chain of custody as required when introduced in subsequent court
proceedings, and in tracking the progress of forensic processing of the evidence.

The NYSP Forensic Investigations Center uses a Laboratory Information Management System
(LIMS) to track all cases in which physical evidence is submitted for laboratory analysis. The
system employs bar-coding of physical evidence specimens and is a product developed by the
Porter-Lee Corporation, Schaumburg, IL. The same system is used by many of the public
crime laboratories operating in New York State. Porter-Lee also produces an evidence
management system (EMS) which is used by many police departments across the state.

Implications for the field of criminal justice and the study of forensic science:

This project will prove helpful in identifying and addressing the technical specifications and
operating rules necessary to (1) effectively track and document the movement of physical
evidence from the point of collection to . . . (2) storage at the police agency to . . . (3) transfer
to the laboratory for forensic analysis to . . . (4) return to the police agency to . . . (5) transfer to
the District Attorney for introduction in a court proceeding and . . . (6) ultimate return for
retention at the police evidence storage and control. Throughout this movement of the physical
evidence, interested agencies (the PD, DA and Lab) will be able to independently inquire
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electronically in real time on the location of the evidence, the status of pending forensic tests,
and obtain reports of the results of forensic testing on the evidence. The documentation
involved in the transfer of evidence will be accomplished without redundancy in data input as
the two-dimensional bar-codes employed will automatically track and capture the specimen
identification number with descriptive information, the relevant case information, and the
submitting and receiving agencies identifying information and points of contact.

The acquisition of computer equipment and software for other District Attorneys offices in the
capital region and for selected law enforcement agencies within those counties will proceed as
resources are available. The police departments at Albany and Troy, the Rensselaer County
Sheriff's department, and Albany District Attorneys office already use the Porter-Lee evidence
management system. In discussions held with State Police administrators and IT managers as
well as FIC managers, there is strong interest in expanding this system to include the major
users of forensic testing services available through the FIC.

With the improved capacity to manage forensic evidence, training will be provided to
departments with an emphasis on the effective use of DNA technology to resolve a wider
variety of crimes. Traditionally, DNA technology has been applied primarily in the
investigation of violent crimes. Crime data show that there are nearly twice as many
burglaries in New York State as compared to the number of violent crimes — with most
burglaries going unsolved. Recent advances in the technology, coupled with the
expanded processing capacity of public forensic DNA laboratories (largely accomplished
with federal funding assistance), provide opportunities for its effective use in property
crimes. According to recent studies, DNA is more likely to be recovered from a crime
scene than a fingerprint, and DNA Databank “hits” linking offenders to evidence from a
violent crime showed that in 75% of the cases the basis for collecting the offender's DNA
specimen was a conviction for a “lesser” crime such as a burglary or drug offense. The
Capital Area Integration Initiative will assure the first responding officers to a burglary
scene will be equipped and trained to recognize potential DNA evidence and properly
collect it in a manner that meets the requirements of the forensic laboratories and,
ultimately, the courts. In order to insure the quality and reliability of DNA analysis
services provided to the law enforcement agencies in the capital region and to assure
analysts are prepared with the latest and most efficient analytical techniques, highly
specialized training will be provided to forensic DNA laboratory personnel in workshops
and seminars.

Finally, the immediate success of Forensic Science Impact in the Courtroom can not be
judged solely on the statistics and information provided from the results of this study.
Instead, future studies may be warranted to determined the overall success from the
advise, instruction and equipment provided under Module—Forensic Science Impact in
the Court Room.
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MAIN BODY: Module - ChatMinder—A Safe Internet Tool for

Parents
Author: Dr. Tomek Strzalkowski

1. Introduction

The objective of ChatMinder project is to conduct and deliver a study of dialogues
occurring in the on-line chat rooms. A secure chat-room at the ILS Institute will be used
to collect chat data from experiments with recruited subjects (SUNY students under an
IRB protocol). Approximately 20 hours of chat involving groups of 3 to 6 people on
topics ranging from movies to organic food to state of the economy will be collected and
analyzed for this study.

One hypothesis pursued is that an automatic agent could be developed to operate in a live
chat room, monitoring conversational behavior. When this automatic agent detects
behavior that is unsuitable, it can try to intervene. There is a range of actions such an
agent could take, including reporting malicious behavior to some administrator.

However, a more subtle intervention could be an effort at changing the topic of
conversation, presumably away from potentially dangerous areas, to safer topics.

2. Methods
Methods used in this research include data collection and annotation, conversational
modeling, and software development and testing.

1 Data

Chat data was collected through controlled exercises with participants in the secure chat-
room located at ILS labs. While large volumes of data may be obtained from public chat-
rooms, it was of limited value for the type of modeling tasks that were of interest in part
because of the high-level of noise, lack of focus, and rapidly shifting, chaotic nature,
which makes any longitudinal studies virtually impossible. Public chat-rooms may be
excellent sources of data for studies involving on-line language usage (e.g., novel uses of
vocabulary, syntax), general conversational etiquette, and related issues. However, for
deriving more complex models of conversational behavior, this project required the
interaction to be reasonably focused on a task and/or social objectives within a group.
There are a number of available resources that demonstrate that data collected under
monitored conditions is still effective for modeling language (cf. ICSI-MRDA corpus
(Shriberg et al., 2004), Switchboard corpus (Jurafsky et al., 1998) and Map Task corpus
(Anderson et al, 1991)). The purpose of conversational data analysis was two-fold: (1)
understanding how certain social behaviors are reflected in language use, and (2) building
an automated chat agent that could effectively use appropriate linguistic forms to achieve
certain social objectives in the chat-room.

One specific social behavior that was focused on in this project included Topic Change,
which was an attempt by a participant to change the flow of discussion from one topic to
another. Modeling this behavior was of interest because it was directly applicable to a
future Chat Minder prototype. To ensure that this social behavior was present in our chat
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data, a multi-tiered collection process was devised in which the subjects started from
simple, free-flowing conversations and progressed towards more complex and structured
interactions. Approximately 20 hours of chat dialogue spread out over 14 sessions of 90
minutes each were collected during this study, amounting to a total of 7317 individual
utterances.

2 Data Annotation

The data was annotated for presence of linguistic elements that correlate with social
behavior on three different levels, as detailed in Sections 2.1 through 2.3 below. In
Section 2.4, we describe the annotation tool used to facilitate annotation. Section 2.5
describes the annotated set and provides pertinent statistics.

2.1 Communication Links

Communication links capture associations between utterances. Utterance includes the
sequence of words that are entered by a participant in a single turn in chat. In multi-party
chat the relationships between utterances are often ambiguous; it is not readily apparent
who is speaking to whom, particularly when there is no addressing information in the
utterance. However, it is an integral part of understanding how social behavior is
manifested in language, as we need to determine between which participants the
conversation flows. These are situations where one participant’s utterance responds or
relates to a previous utterance by another participant. This also includes situations where
one participant is addressing another participant or a group of participants who may
subsequently respond to him or her.

At this level, we were interested in annotating utterances that were addressed to the entire
group or to some specific participant, uttered in response to a specific previous utterance,
or are continuations of a previous utterance by the same participant. Accordingly, there
are 3 possible communication links, one of which was assigned to each utterance in our
annotated data: Addressed-to (a specific participant), Response-to (a specific prior
utterance by a different participant), and Continuation-of (a specific prior utterance by the
same participant).

2.2 Dialogue Acts

The functional or dialogic aspect of an utterance has to do with its role or purpose in
conversation. Statements, questions, answers, offers, acceptances and rejections, as well
as expressions of thanks are all examples of such functions in a dialogue, which we call
Dialogue Acts (DA). At this level our objective was to capture how an utterance

functions in dialogue, which may or may not be directly related to its form. For example,
the utterance “Can you close the window?” can function as a question or as a directive,
depending upon the context in which it is used. It was therefore important to consider the
context of the utterance to make a decision of which dialogue act label to assign. We
created a hierarchy of 21 dialogue act labels, which we grouped into three top-level
categories, namely — Statements and Responses, Questions and Directives and
Conversational Norms.
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By marking utterances at this level, we wanted to identify the pragmatic composition of

an utterance. This is especially useful when trying to discover certain social behaviors,
such as the change of conversation topic. The mechanism of changing the topic may vary
by participant, the kind of topic change, and by the time at which it is attempted relative

to the sequence of conversation. A participant may introduce a new topic by asking a
guestion about that topic, thereby obligating the other participants to respond to them; or
they may make a provocative statement and thus attempt to steer the conversation
towards another topic. We wanted to determine whether there was any correlation
between utterances marked as topic change utterances (explain in subsection 3.3 below)
and the dialogue act assigned to them.

2.3 Topic and Focus of Conversation

A topic is the subject matter under discussion in some part of the dialogue. Focus is
another semantic property of an utterance and it pertains to an entity or event that is the
most salient in the utterance. The difference between topic and focus is often only the
matter of degree: topics are larger subjects (such as technology, movies, or politics),
while foci are more narrow subthemes within a topic (e.g., cell phones, or Tom Hanks, or
Eiffel Tower). However, it is often impossible to define topics and focus a geagi,

Tom Hanks may be a focus of a discussion about movies; but it would be a topic if the
discussion is about his career, while a specific movie he starred in may be the focus.)

In this exercise we primarily concentrated on topic and fohasgesin other words, we
wanted to be able to tell where a topic/focus starts and when it ends in a dialogue. We
postulate that annotating topic change and focus shifts will help us determine behavior,
which induces a modification of the flow of conversation. We asked annotators to
determine the topic and the focus of each utterance using labels of their own choosing
(based on what is being said). When the subject of the dialogue changed in any
significant way, we asked the annotators to change the topic or the focus label. That
utterance would then denote the beginning of a new topic. Note that in chat room
conversations, due to the asynchronous nature of dialogue and multiple participants, there
may be different topics being discussed within a short period of time, often being
interleaved with one another. The same may be the case for focus as well.

2.4 Chat Annotation Tool

An annotation tool (developed under another project) was used to facilitate the annotation
process. This tool was implemented in Java and deployed as a web applet, so that
annotators were able to work from remote locations. All annotators were trained on a
sample set of data. Since our annotation paradigm is multi-tiered, we asked the annotators
to annotate each level in separate passes through the data to reduce cognitive effort. This
also had the effect that annotators become more familiar with the data with each pass.
Figure 1 shows a screenshot of the Chat Annotation Tool.
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Topic Change/ Focus Shift

In the screenshot above, note that every utterance by the participants was represented as a
row and all participants were separated into columns. Annotators mark the

communicative links and dialogue acts which show in the utterance cell — e.g turn 102 by
participant Lance was marked as “addressed-to-Kerri” communicative link and a
“Positive-Answer” dialogue act. Each different color represents a separate topic, so in

this short snippet of conversation in the screenshot there were three, albeit interleaved,
topics that were annotated.

2.5 Annotated Data Set

Of the 14 sessions we collected, we selected 10 for annotation, with at least 3 annotators
for each session. In Table 2 some of the overall statistics computed from this set are
shown. We computed inter-annotator agreement on all three levels of our annotation, i.e.
Communication Links, Dialogue Acts and Topic/Focus Shifts. Topic and Focus shifts

had the highest inter-annotator agreement scores on different measures such as
Krippendorf's Alpha and Fliess’ Kappa. In Figure 2, we show inter-annotator agreement
measures on Topic/Focus shift annotation. With such high degree of agreement, we can
reliably derive models of topic shift behavior from our annotated data.
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Figure 2. Inter-annotator agreement measures for Topic/Focus shifts

Total Number of Sessions Annotated 10
Number of annotators per file 3
Total Utterances Annotated 4640
Average number of utterances per session ~520
Total topics identified per session 174
Total topic shifts identified per session 344

Table 2. Selected statistics from annotated data set

3. Results

Analysis of the collected data led to construction of preliminary models of social
behavior in online discourse. Conversations were annotated for communicative links,
dialogue acts, and topic and focus shifts, which created the basis for building
computational models of conversational behavior. Some of these models, e.g., how to
effectively change the topic of conversation, were subsequently implemented into an
automated Virtual Chat Agent (VCA), a Chat Minder prototype. VCA has been
demonstrated to perform effectively and convincingly in Internet conversation with
human participants.

3.1 Conversational Modeling for VCA design

A virtual chat agent is an automated program with the ability to respond to utterances in
chat. Our VCA was distinctive in its ability to participate in multi-party chat and manage
to steer the flow of conversation to a new topic. We exploit the dialogue mechanism
underlying HITIQA(Small et al. 2009) to drive the dialogue in VCA.

The topic as defined by the information contained in the participant’s utterance was used
to mine outside data sources (e.g., the web) in order to locate additional information
about that topic. The objective was to identify some of the salient concepts that appear

52



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(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

associated with the topic, but are not directly mentioned in any recent utterances. Such
associations may be postulated because additional concepts are repeatedly found in many
web pages near the concepts that are mentioned in chat.

Based on our annotated corpus, we also determined that a common method that
participants employ to achieve a topic change in conversation is to introduce a new
concept (or aspect) that is shared between the current topic and the new topic. This was
schematically illustrated in Figure 2 below, where the current conversation topic
(technology) was changed to a new topic T2 (music bands). Participant K introduces the
topic of music bands by finding a common concept that forms a bridge between these two
topics, which is “Lars Ulrich”. By introducing Lars Ulrich K opens the window for the
conversation to shift to music bands, which indeed happens as speaker N picks up on the
association, as intended. Subsequently, K clinches the transition by adding another
utterance on the new topic.

K Lars Liriclymight have a tlung or hvo 1o
sanvabout rechnology

Topic: N: s dremmner: Lars Ulrich references Topic: Music
Technology kid of ke e cringe! Bands
K there was e recent article about Tus own
lecaked album .

Figure 3. Example of topic change by participant K.

The effect of topic change was apparent when a subsequent utterance by another
participant is about the same topic. This is a successful attempt at changing the topic.
Below is an example of topic shift annotated in our chat data collection.
AA: My kids tell me the band you're going to hear (dc for cutie) is great.
(TOPIC: music bands, dc for cutie)
KA: oh cool! Their lyrics are nice, | think. What kind of music do you guys listen
to?
(TOPIC: music bands, dc for cutie; BRIDGE: music)
KN: I don't really have a favorite genre....you on youtube right now?
(TOPIC: you tube)

Example 1. A topic change in dialogue
Note that in this example, the second part of utterance by participant KA — “what kind of

music do you guys listen to?” is deployed to shift the topic from “music band, dc for
cutie” to “music”. This, in turn allows participant KN to shift the topic to You Tube.
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Another example is participant KA’s utterance in the transcript below inducing
participant KI to change her topic from navigation to texting:

Kl: I actually went on a 3 hr drive yesterday, i just used a map instead of his
GPS
(TOPIC: navigation technology/GPS)
JR: hahaha its still possible to exisit without all the technology but google and
mapquest have def made my life more livable-
(TOPIC: navigation technology/google, mapquest)
KA: what about text messaging
(TOPIC: technology, BRIDGE: text messaging)
Kl: I hate texting. I'd rather just talk on the phone
(TOPIC: text messaging)

Example 2. Another topic change in dialogue

We found this model of topic change fairly consistently exhibited, where the participants
would ask an open question, to get other participants to respond to them, thereby
changing the course of conversation. We collected all utterances marked topic shifts and
created a set of templates from them. These templates served as a model for the VCA to
utilize when creating a response.

Another model of behavior that we found as a consequence of topic change was topic
sustain. This is an instance where the utterance was marked to be on the same topic as the
one currently being discussed, for example, JR’s utterance in the Example 2 above.
Topic-sustain utterances typically offer a new in-topic aspect, but provide no bridge to
another topic as noted previously. Typical linguistic forms used were offers of support,

an agreement with a previous utterance, or a question about any known in-topic aspect.

3.2VCA Software Architecture
The chart in Figure 4 shows an overall architecture of the VCA.

Chat Chat
Chat Utterance Chat "Query” NL Processing "Cuery” Frarin
(Stemming, POS Tagging, NE g ————3
Analyzer Tagging)

Chat
4} aueny”
Document | pocuments . Paragraphs N L_ ProceSSir_lg Paragraphs, " Chat
Retrieval Clustering M (stemming, POS Tagging, NE 5 Framing o
Tagging)
Paragraph
— Frames
> Document 4 4
-
 —
E 9’ fodis Scoring and Frame
Internet _ Entity Matching
ChatUtterance Template

&—— Selection

Figure 4. VCA Architecture and Components.
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Chat Analyzer
Every utterance in chat was considered to be a candidate for response by the VCA. It was

first analyzed by the Chat Analyzer component. This process removes stop words,
emoticons and punctuation, as well as any participant nicknames from the utterance. We
postulate that the remaining content bearing words in the utterance represent the topic of
that utterance. We call this analyzed utterance our chat “query” which was sent in parallel
to the Document Retrieval and NL Processing component.

Document Retrieval

The document retrieval process retrieves documents from either the web or a test
document corpus. We use Google AJAX api for our web retrieval process and InQuery
(Callan et al., 1992) retrieval engine for our effimode of operation. The test document
corpus was collected by mining the web for all utterances in our data collection, thus
creating a stable document set for experimental purposes. In addition, this test corpus
ensured that we had a collection of documents pertinent to the realistic topics that were
discussed by the participants in chat sessions. Currently, the document corpus contains
about 1Gb of text data. We retrieve, on average, 20 documents per chat query, for both
online and offline modes of operation.

Clustering
Paragraphs in documents were retrieved using clustering method in Hardy et al. (Hardy et

al. 2009). This process groups the paragraphs containing salient entities into sets of
closely associated concepts. From each cluster, we choose the most representative
paragraph, usually called the “seed” paragraph for further NL processing. Each seed
paragraph and the chat query undergo the same further NL processing sequence.

NL Processing

We process each chat query by performing stemming, part-of-speech tagging and named-
entity recognition on it. Each seed paragraph is also run through same three natural
language processing tasks. We are using Stanford POS tagger for our part-of-speech
tagging. For named entity recognition, we used BBN’s IdentiFinder.

Framing

Frames were from the entities and attributes found in both the chat query and the
paragraphs. A frame is a structured template that provides salient information about the
underlying text. This work extends the concept of framing developed for HITIQA (Small
et al, 2009) and COLLANE (Strzalkowski, 2009). The frame built from chalyouas

the Chat Frame and those frame built from paragraphs are Paragraph Frames. Framing
provides an informative handle on text, which can be exploited to compare the underlying
textual representations, as we explain in the next section.

Scoring and Frame Matching

Using the information in the frames built in the previous step, we compared the chat
guery frame to the frames created from the paragraphs. We assign a score for each
paragraph frame based on how many attributes and their corresponding values match.
Note that for a paragraph frame to be eligible for scoring it should contain all the

attributes found in the chat query frame. Of all the paragraph frames we select the highest
scoring frames and select the attribute-value pairs that are not part of the chat query
frame. For example, as show in Figure 5 below, the chat utterance “Aruba might be

nice!” created the following chat query frame.
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[POS]

NNP, Aruba
JJ, nice
[ENT] PLACE

Figure 5. Example chat query frame

Correspondingly, we will select all PLACE type entities from the highest-ranking
paragraph frames. These are shown in Figure 6 as Aruba Entity list. The entities
“NASCAR”, “Women Seeking Men” and “Mateo” are not of entity type — PLACE, we
assign them a score of 0. Only the entities that match the type of entity in the chat query
frame get a positive score. This score is the frequency of occurrence of that entity in the
paragraph; in this example it is found to be 1. Assigning scores by frequency of
occurrence ensures that the most commonly occurring concept around the one that is
being discussed in the chat query utterance will be used to respond with.

Template Selection

Once we have chosen the entity to respond with, we select a template from the set of
templates for that entity. These were templates that were created based on the models
created from topic change utterances annotated in our data set. For a select group of
entities, which were quite frequently encountered in our data collection such as PLACE,
PERSON, ORGANIZATION etc., we have a set of templates specific to that entity type.
We also have several generic templates that may be used if the entity type does not match
the ones that we have selected. For example, a PLACE specific template is “Have you
ever been to __?” and a PERSON specific template is “You heard about __?”. Not all
templates are formulated as questions. An example of a generic template is “__ rules!”.

~UserITAruba might be nice!
[POS]

NNP, Aruba

JJ, nice

[ENT] PLACE

Aruba Entity list:

VALUE = NASCAR AND TYPE = ORGANIZATION AND SCORE =0

VALUE = Dallas AND TYPE = PLACE AND SCORE = 1

VALUE = Women Seeking Men AND TYPE = ORGANIZATION AND SCORE =0
VALUE = Mateo AND TYPE = PERSON AND SCORE =0

VCA: How about Dallas?

Figure 6. Example of frame matching and scoring
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3.3VCA Experiments

Figures 7 and 8 represent examples of the VCA in action in a simulated environment. In
both examples the VCA was the participant “renee”. Figure 7 shows an example of a
topic sustain behavior while Figure 8 shows an example of a topic change behavior.

G tent

|| =Rt001 @conference localhost localdomain:
wweapons and laws

1148 Aty eric: new york city's gun lawes shouldn't apply to the @ emily
entire state & eric
¢ why are handguns illegal in upstate new york? ® marc
i I 48 -‘%M) ren=e: evervhody should have their own hombto go ® (ot
huntmg W|th|
¥ & renee

erlly isnt hunting horing?

(11 48 AM) eric:it can be. _but notwhen you got a deer in your

sights

(1148 A pat i heard how hunting is guite a rush

(1149 Awf) eric: yeah, especially if it's not a compound bow.. you

have 1o get very close to your target oryvou won't have a chance

to land a good shot

(1149 A rense: ifyou're a real man..you use a tifle

(11 49 AM) aric!
vare Are there any good hunting spots around

Albany'?

Figure 7. Example of VCA in action: topic change

=htd01 @econference localhost localdomain=

test

(U A A I need a vacation, @ emily
(1119 Ahy ericoyeah, me too..i'd like to go to some place nice & eric
and warm & marc

11

15 A0 mmare: Aruba might be nicel
G anl =mily that would be nice
(‘1 20 Ah-‘; renee; ever heen to dallas?
(11:20 Ahly eric: ofthe twa, | might have to pick dallas...don't

have the fundage for aruba

UL 20 A roare. Hnm,.never really thought of wacationing in
Dallas. Have you heen there before? ‘
(1120 480 eric: mayhe a cowhoys game?

(12T ARG rvare: Yeah, the cheerleaders are nice to loak at@
Fuerta Rica might be nice this time of yvear as well.

(1127 Al renee samoa might make for guite an experience,
ool

(1127 Akt iyl lol

2 renee

Figure 8. Another example of VCA in action: topic sustainment
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3.4 Preliminary Evaluation

We have developed a two-stage evaluation protocol in order to test the effectiveness of
the VCA prototype in a realistic setting. In the first stage, we tested the performance of
the VCA in the laboratory chat room with human participants. At some point during the
dialogue, one of the participants was tasked to withdraw from the chat and (silently) pass
the control to this VCA for a period of time. This participant remains on-line but all
conversation was now conducted by the VCA. After N minutes, where N is an
experimental parameter, the control of conversation returns to the human user. In this
test, it was important that the other participants were not aware ahead of time when the
switch was supposed to occur.

The initial metric of VCA effectiveness was calculated as a proportion of utterances
generated by the VCA during the number of utterances made by all participants during
this period. These utterances were subsequently judged for appropriateness using the
metric developed for the Companions Project (Webb, 2009). In general, utterances that
were not on topic or out of place were judged as not appropriate. Such utterances may
give off the VCA to other members of the group.

Since a VCA was tasked to perform a specific function in the chat room —i.e., to
accomplish a topic change — the effectiveness with which this task was accomplished was
also measured. One simple metric that was developed included an index of subsequent
mentions of the new topic by others in the discourse. Initially, annotators track the topics
manually over the log of the chat (we noted previously that there is a high level of inter-
annotator agreement in this category). For the purpose of automating this metric, the
topic may be equated with the named entity introduced by the VCA into the conversation
for the first time, e.g., “How about Dallas?” introduces Dallas as a topic of conversation
if it wasn’t a current topic, and has not been one before (or at least not recently). We
count the number of utterances by other participants in the dialogue that contain
references to the new topic (e.g., Dallas) in the immediately following dialogue. The
topic change was considered successful if at least one subsequent mention of the topic
occurs in the dialogue. The topic change was considered lasting if there are at least two
subsequent mentions by two different participants. The topic change was considered
permanent, if the dialogue does not return to the topic before the change occurred.
Evaluation of topic sustain action was performed in a similar manner. In this case the
VCA picks up an already introduced topic and generates an utterance meant to induce a
response from other participants that would require a mention of the topic, e.g., “What
one can do in Dallas?” Again we measure the number of subsequent mentions of this
topic, which may be direct or via a pronoun. We also count the number of turns in
between these to measure the extent of dialogue over which the topic continues and to
what degree it engages the participants.

4. Conclusions and Implications

In the ChatMinder project, a study of language uses had been conducted from dialogues
occurring in the on-line chat rooms. At least 20 hours of chat involving groups of 3 to 6
people on topics ranging from movies to organic food to state of the economy had been
analyzed for this project. We subsequently performed initial studies with a prototype
autonomous chat agent (VCA) that can effectively change the topic of conversation in a
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chat room with human participants. VCA technology represents an important advance in
automated human-computer communication with potential applications in cross-cultural
social modeling, influence operations, advertising, law enforcement, and national
security.

It was our continuing hypothesis that an automated agent such as this can be used to
monitor live chat rooms where at risk constituents (such as children) can be participating
in online conversation. There were a number of flags and filters that can be used to spot
potentially troubling conversation. One method of dealing with these was to report
transgressors to chat room administration. Another, more preventative measure could be
to allow automated agents to change the topic of conversation when it believes the
current topic was dangerous or inappropriate. This method could also be used in
situations where people were posting inflammatory statements about some issue, and
rather than terminate the discussion an automated agent could attempt to divert the course
of the conversation, rather than allow it to continue. Of course, these are potential future
applications of this technology, which require more extensive evaluation of the current
prototype.

For a more realistic future evaluation, a live Internet chat room experiments need to be
conducted, where the VCA is entered either autonomously or with a human “handler”.
Future work needs to focus on transferring VCA technology to the chat-rooms used by
children. This may be accomplished in collaboration with researchers at UA School of
Social Welfare, the Families Together of Albany County, and Prevent Child Abuse NY,
and would include additional studies of suspicious on-line behavior when a change of
topic intervention by a VCA may be warranted.

Implications for the field of criminal justice and the study of forensic science:

There are mechanisms for interaction specific to groups we may wish to target. For
example, the language used, or social conventions that any automated agent some
observe if communication is likely to be successful (e.g., the ECO project currently
underway at ILS). The strength of our model is that it doesn’t rely on any domain model
or prior knowledge, which is costly to include and brittle to maintain. A weakness is that
there may have to be adaptation to individual user groups, or some sort of maintained
‘hot list’ of topics that should be monitored. These will need to be acquired, either from
monitoring the groups themselves, or more likely, by law enforcement or monitoring
agencies, who are likely aware of the issues facing particular groups or communities.

Future research may thus focus on (a) adapting the findings of this study to other chat-
room user populations, specifically to children; and (b) building and evaluating of an
autonomous chat agent. The deliverable from this project is the information included in
this report.
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MAIN BODY: Module—Capital Region Cyber Crime Partnership
Author: Dr. Sanjay Goel

1. INTRODUCTION

Crime data analysis necessitates combining pieces of information from disparate sources
to make meaningful deductions. The number of sources continues to increase and the data
is complex — making it difficult for forensic analysts to collect and process data

manually. Consequently, the process of crime analysis is often slow and labor-intensive.
While, it is not possible to replicate human deductive ability tools can be used to process
data and reduce the cognitive overload on the analysts. The objective of this investigation
is to develop techniques that improving the efficiency and effectiveness of crime data
analysis, including, collection and analysis. Crime data comes from several sources, such
as: computer logs, past crime records, databanks, and reports. The data can be both
unstructured such as reports, articles or structured such as databases and spreadsheets.
The goal of this research is to develop crime analysis techniques using both structured
and unstructured data. There are three components of this work. Our goal was to develop
a set up an infrastructure that will assist in data collection and analysis. This includes:

1) Determination of data sources

2) Creation of data collection robots from online sources

3) Development of natural language processing capability from text data
4) Creation of techniques for tagging and correlating data

Our initial goal was to use the infrastructure to investigate the problem of recidivism in
crime (especially sexual crime) based on crime records available as well as information
from public sources. However, obtaining criminal data, especially DNA data, proved to
be very difficult and we focused our efforts on public data sources and creating the
infrastructure to efficiently analyze them.

The focus of this work is to build the infrastructure that will allow for efficient data
collection, and correlation and analysis of data to draw reliable conclusions.
Infrastructure building involved in house code development as well as acquisition of third
party tools. Law enforcement already has capabilities of searching through databases
efficiently. They now also have standard forensic procedures for electronic data and new
procedures are evolving as technology evolves. There are however missing elements of
the infrastructure which could add to the repertoire of law enforcement agencies,
including: 1) online data collection (e.g. robots), 2) text data analysis, and 3) correlations
across disparate data sets.

2. DATA COLLECTION

Data collection for crime analysis has traditionally come from law enforcement agencies
and other government sources. Increasingly, data for crime analysis is coming from
public sources. Clues to motivations and behaviors of criminals can be buried in their
online activities which can provide precursors to future criminal activity or help in
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corroborating evidence from other sources. The data set can contain both text and
numerical data which needs to be analyzed in conjunction.

The focus of this work has been on Internet Crimes against Children (ICAC) and we have
identified several public and non-public sources to compare and analyze. The non-public
sources were collected as a part of a previous investigation by the Capital Region Cyber
Crime Partnership. The DCJS data includes level 1-3 sex offender data with arrest dates,
address information, and charges of those individuals who used a computer to commit
their offense prior to 2007. Site Key, Avalanche, Justin, Underscore, and Falcon are sting
operations conducted by the New York State Police where data was collected from
websites offering child pornography subscriptions which included address, IP, and
purchase dates. A database schema including attributes is included below.

ID_5G ID_5G ID_5G
ArrestDake_SG Counks_SG Street_SG
Street_SG Street_Sis City_S0G
Ciky 503 Ciky_503 Counky_5SG
State_ 55 Zip_5i Zip_5G
Counky_5G Skate_5iG
EBuyDate_5G I2P_32G
IP 55 IF_5G
Whols_Sa WebID_5G
Code_50G
LawTitle Duration_5G
LawSection Cosk_55
LawSub BuyDate_SG
SubClass Country_SG
subCat Skreet_5G
Degree City_30G
MCIC Zip_35
Effectivelate IP_3G
BuyDate 5iG
SuthDrt Bu:Time_SG ID_5G
sublong = Street SG
Ciky S5
IF_SG

We have identified several sources of data including publically available sex offender
registries, which can be used to solve important questions related to criminal justice. We
are in the process of looking at Perverted Justice chat logs, Wikisposure, pedophile
forums (including some which are defunct), PeeJ forums, Absolute Zero and AntiPaedo
blogs, Corporate Sex Offender. In addition, business and school information is also being
collected.

We hope to be able to develop techniques for identification of online sex offenders

through analysis of these sources. Some cyber crime analysis methods can be used for
this purpose. Website domain histories can be reviewed as well as IP addresses correlated
to geographic locations for associating with known information about an individual.
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Identification can also be done through text-analysis and authorship determination
(linguistics and psychology).

3. TOOLS AND METHODS

Data Collection Robots

As a part of this work, we have developed data collection robots and models to collect
data from publicly available sources using Kapothis software tool allows scanning of
thousands of sites to collect data and insert it into structured databases. As an initial pilot,
the robot was configured to collect information on sex offenders listed in the NYS
Department of Criminal Justice Sex Offender Registry. This robot can collect information
on personal information, location, crime, and conviction of the sex offenders. Robots
were also developed to collect information from hacker forums to observe patterns of
behavior.

Linguistic Analysis and Identification

We have also developed software that can do content analysis on unstructured data such
as chat logs, web pages, online postings, and emails. Unstructured text can be used to
profile criminals, identify their motives, and predict their inclination to coming crimes.
Natural language processing allows us to analytically identify such markers in text. In
addition, tools were developed for parsing unstructured text and identifying keywords.
Frequency of usage of keywords in blogs, chat logs, and postings of internet users can be
used to understand the psychological behavior of a user. Using data from known
offenders and clean data from other blogs can be used to create a classifier. Keyword
markers exist for several different attributes, such as anger, fear, sexual behavior, etc. We
have programmed these keywords in the code so that we can conduct behavior/motive
analysis based on the content. Beyond use of keywords, we also plan to investigate
linguistic features in the text that can provide us clues to their behavior.

Correlating information obtained from the web and attempting to associate these with the
existing data on sexual offenders can help in detection of potentially dangerous situations
where chat room text analysis can expose precursors to sexual crime. Based on
preliminary analysis we can identify keywords that predators may use to ask about
clothing sizes, genitalia descriptions, and parental presence. Users using such language
may be more likely to be sexual predators.

Correlating Disparate Sources of Data

If these predators can be linked to past crime history the likelihood of their committing
another crime increases manifold. Another attribute is the frequency of such behavior, i.e.
similar behavior with multiple potential victims. We have deployed the Palantir
Government platform, which allows us to tag data from disparate sources and correlate
the information creating a comprehensive data view for analysts who can then use their
expert judgment while analyzing capabilities. Palantir Government is increasingly being
used by intelligence and law enforcement agencies to assist analysts. By working with

! http://www.kapowtech.com
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Palantir, we hope our work will be able to help generate or refine an ontology which can
benefit law enforcement and justice entities.

Finally, capability has been developed where information from multiple sources can be
exposed as XML (semi-structured) and correlations can be made across different sets of
information. SOLR search engine has been deployed for data analysis; work is also under
way for installing the Palantir Government analytic engine for more sophisticated data
correlations. This infrastructure has multiple tools for data collection and analysis and

will be leveraged for a variety of research projects mainly focused on cyber crime. Initial
investigations planned using this infrastructure are: 1) to analyze behavior of sexual
predators and develop psychological profiles that can be linked to their online behavior
expressed through online postings; 2) develop identifiers from online chatter that suggest
the onset of a cyber attack.

4. RESULTS

One of the most pernicious dangers of the Internet is its potential use for online sexual
predation since it allows predator access to children in a relatively anonymous
environment. Researchers believe that increased social activity online through chats and
social networking sites (i.e. MySpace, Facebook) have increased the chances of contact
between potential predators and their victims. A majority of research has focused on the
behavior of offenders using data once a crime has been committed. The objective of this
research is to identify the potential for a criminal to commit such activities (either for the
first or subsequent times) by evaluation of their virtual identities.

Some of the initial analysis has revealed use of some of the techniques discussed can also
benefit parole officers. For example, in just a preliminary analysis of the sex offender
registry, it was found that some of the listed residences are hotels or motels (temporary
housing). By correlating business data (in the hotel/motel category) we can flag

residences which are questionable and should be checked out. Also, sometimes addresses
listed as places of work refer to large plazas which can include many different places

such as restaurants, grocery stores, and child care facilities in close proximity. Other

times, places of business are just residential homes. Sometimes, these residential homes
come up for sale on real estate sites and alerts relating to this activity are important.

These are actual instances that we discovered on live sex offender registry members.

There are psychological markers that are exhibited in sexual predators that may be
detected from their online behavior. Similarly there are psychological traits of potential
victims that make them more vulnerable to advances of sexual predators. Evaluating
either of the two in isolation may not accurately predict the risk of a potential sexual
crime. Four components that contribute, in differing degrees and forms, to the
development of a sexual predators behavior are 1) arousal, 2) emotional congruence, 3)
blockage, and 4) disinhibition (Finkelhor, 1984). Emotional congruence relates to the
pedophile’s emotional need to relate to children. It is usually expressed in terms of
pedophiles having difficulty relating to other adults. Sometimes children meet pedophile
emotional needs, which other adults cannot. A feeling of lacking dominance can be
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attempted to be fulfilled with children who are inherently less dominant. Similarly,
psychological and social immaturity, low self-esteem, sexual abuse in childhood,
narcissism, self-centeredness, and social inadequacy can lead to similar manifestations of
emotional need. This can result in blockage — where bad experiences with age appropriate
adults, sexual dysfunction, limited social skills, marital disturbance, or social and
religious pressures limit age-appropriate sexual opportunities. These experiences can
include: difficulty in relating to adults of the opposite sex; deficient social skills; anxiety
over sexual matters; unresolved oedipal dynamics; disturbances in adult sexual
relationships; and repressive norms about sexual behavior. Disinhibition reflects the
abusers lack of control through impulse control deficits, psychosis, alcohol, drugs, stress,
or nonexistent family rules-coupled with sexual arousal conditioning. This disinhibition
can be caused by impulsive disorders senility, mental retardation, alcohol or drug

abuse, situation stress, and tolerance of incest within the culture. Lastly, arousal of an
adult by child has frequently been cultural or familial conditioning to sexual activity with
children: such as corporal punishment and/or sexual child abuse. Approximately 50% of
all sex offenders were victims of sexual assault (Smith and Israel, 1987; Johnson, 1989;
Gladwell, 2007), 70% of child sex offenders have between 1 and 9 victims; at least 20%
have 10 to 40 victims, and serial child sex offenders may have as many as 400 victims in
a lifetime (Elliot et al. 1995; Elliot, 2009). With today’s electronic world, even with
cultural intolerance, pedophiles can find support in large virtual communities validating
their lifestyles. The objective of this research is to identify markers for these attributes in
the writings and evaluate the potential for sexual crime. Data from sources such as chat
logs from existing sexual offenders, train a classifier, and then use it to classify logs from
current online activity in social networks.

4. CONCLUSIONS AND IMPLICATIONS

Discussion of findingdt is no longer sufficient to use a single data source or a single
analytic technigue while analyzing data. In addition, there is a need to analyze
unstructured text data since it can provide valuable clues on criminal behavior and
intentions. The three methods discussed are mutually complementary and address the
needs for law enforcement in fighting crime: 1) open source data collection, 2) natural
language processing, 3) identifying correlations between disparate data sources. The data
collection robots automate the process of collecting online data making it efficient.
Linguistic analysis can be used for behavior analysis and integration tools can be used for
tagging and correlating data.

Implications for policy and practicdzaw enforcement is saddled with a growing backlog

of cases of online crime and traditional crime that rely on online evidence. Crime labs
around the country have been increasing capacity to handle this growing backlog. In
addition to increasing capacity, efficiency of analysis also needs to increase. The crime
scene today is often not a physical location but the Internet. Being able to rapidly collect
data from online sources will make it feasible for investigators to pursue more crimes.
Being able to gather corroborating evidence from chats, instant messaging, and web sites
can improve the rate of conviction. A suite of tools for data analysis will be employed for
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a host of problems including, 1) psychological profiling of sexual predators and
determining precursors to crime 2) identifying hacker motivations for committing crime.

Implications for further researchfhe current work builds the basic infrastructure for
analyzing crime using multiple data sources including unstructured text data. This
infrastructure can be used for facilitating other problems, i.e. sexual predators, hackers,
and white collar criminals. Each of these problems requires an understanding of
psychological behavior markers as well as data collection and analysis. Further research
will involve developing algorithms for data correlations and developing best practices for
law enforcement to use. We also need to add other linguistic characteristics beyond
content analysis while examining text data. Some of the techniques developed above will
be useful for identifying potential for recidivism in certain crimes.

DisseminationThe work will be disseminated through publications that will be written
on specific problems that are addressed using this infrastructure. The New York State
Police will work with UAIbany on specific analysis using these tools, including, sexual
predator analysis, and white collar crime.
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APPENDICES

Appendix 1: 3130 XL and Genemapper ID General Information

NORTHEAST REGIONAL FORENSIC INSTITUTE
UNIVERSITY AT ALBANY
1400 WASHINGTON AVENUE
ALBANY, NEW YORK 12222

CAPILLARY ELECTROPHORESIS & DATA ANALYSIS
UsING AFPPLIED BIOSYSTEMS'
3 130xL GENETIC ANALYZER & GENEMAPPER® ID

Instructors: Lucy A. Davis & Jamie L. Belrose

CouRsE DESCRIFTION

This five-day course is designed to provide the theoretical and practical background necessary to perform capillary
electrophorasis and data analysis. Today’s advanced technology has led to an exponential munber of cases bemg submutied to the
crime lab for DNA testing. For thus techmque to be successful, it 15 mmperative that the liological evidence 15 processed and
analyzed effectively.

The course enroliment 15 hnuted to six (6) mdividuals per session — due to the hands-on element.

There are four zessions scheduled:
Diecember 7— 11, 2008
January 11 — 13, 2010
January 25 — 29, 2010
Febroary 8 — 12, 2010

Sessions will be held Fom 8:00am till 4:00pm (with a one-hour lunch) each day at the NEEFI labs. We are also mterested in
traveling to host labs and previding this workshop. If your lab 13 interested in tlus option. please contact us for additional
mformation. These workshops are being held via NIT funding and vou may attend free-of-charge. The cost to attend the course i3
covered, as well as travel and per diem {GSA: Albany, Y rate $160/day).

This course will cover a vaniety of topies (Jecture & hands-on) including:
L. Electropheretic Theory: Ohm's Law, Cathode, Anode and Molecolar Separation

IL. Genetic Analyzers:
A, Sample Preparation with Formanude
B. Electrokinstic Injection
C. Sample Stacking
D. The Capillaries nzed m Forensic STR Analysis
E. Electric Osmotic Flow
F. Performance Optimized Polymer
G. Constant Charge-to-Mass-Ratio
H. Stokes Shift
L. Optics & Fluorescent Detection
J. Charged-Couple Device Camera
K. Spectral Calibration. How & Why
L. Spanal Calibration, How & Why
AL Instument Components & Function
N, Data Collzction Software: insmument protocels, results groups. plate records, plate map editor, running the instmument,
preparing samples. and mamtenance calibrations (daily, weekly. monthlv, annually).
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IIT, Data Analysis
A, GeneMapper Theory:
L. Internal Lane Standard
. Local Southemn Method
Analysis Parameters
Baseline Smoothing
. Baseline Window
Polynomial Degree
. Peak Window Size and Slepe Threshold
. Advanced / Classic Algorithms
. Marker Specific Stutter Ratios
10. Defimng and Analysis Range
B. Use of GeneMapper™
1. Creating a New Project
. Wavigating Through the Software
. Analyzmg / Evaluating Data: Size Match Editor. Raw Data Beview, 230bp peak Migration, Ladders (Panels &
Bins), Negative Controls, Positive Controls, Unknown Samples, Artifacts and OL Caleulations.
C. Demonsiration of GMID-IDX

e = R C PR S

===

2
3

The course will conclude with 2 multiple-choice exam and issuance of course completion certificates.
For more infermation, please contact:

Ms. Jamie L. Belrase, M5

Forensic Training Lecturer

Manager of Daily Operations
Northeast Regional Forensic Institute (NERFI)
University af Albany; Biology Rm 228
1400 Washington Avenue

Albany, New York 12222

ph: 5184424355

Jax: 3184425401

Jamie belroseia gmal com
wien.albanyedu/NERFT
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Appendix 2: Electrophoresis Presentation

Electrophoresis and Fluorescent
DNA Detection
Introductions...

Prezented by: Jamie L. Belrose
Created by: NERFI staff
Capillary Eisctrophoresis & Data Analyais

Educational Background
(Degrees a_rg;l Major):

Lucy A. Davis

Hobbies (What do you like to do

in your spare time):
e

Professional Background
(previous employment, current

@ position):

-
I, It é‘
W e
AL
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W 1110011

Educational Background

A5 Adirondack Community College — Math/Science

B5: University of Mew Haven — Forensic Science
~ [nternghip: Mew York State Police

M5S: University at Albany — Forensic Molecular Bio
~ Internzhip: Federal Bureau of Investigation
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JAMIE L. BELROSE

Professional Background

Taconic Biotechnology: Assay Design Specialist
QCME NYC: Criminalist 1l

NERFI: Forensic Training Lecturer & Manager of
Daily Operations
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Interesting Fact about me

| collect magnets. ..
| was named after Wonder Woman
MMy name in French translates to:

Jaime Belle Rose
* [ love the beauliful rose”
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What is Electrophoresis?

* A& method of separating large mofecules {such
as DNA fragments or Proteins ) from a mixture
of similar molecules.

* An electric cumrent is passed through a medium
containing the sample, and gach molecule
traveis through the medium at a different rate,
depending on its electrical charge and size.

* Agarose and acrylamide gels are the media
commaniy used for electrophoresis of proteins
and nucleic acids
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Gel Electrophoresis

* The pH and other buffer conditions are
arranged so that the molecules being
separated camy a negative charge. This allows
them to move within an electric fisld.

As they move through the gel, the larger
molecules will be held up as they iry to pass
through the pores of the gel, while the smaller
molecules will be impeded less and move
faster.

Thiz results in a separation by size, with the
larger molecules closer to the starting point
and the smaller molecules further away.

Electrophoresis of DNA

* The DMA molecule is made up of
nucleotide subunits each consisting of a
sugar, Phosphate and nitrogenous base.

= Each of these nuclectide subunits carries
a negative charge (because of
Phosphate).

+ As the DNA molecule incorporates
additional nuclectide subunits, it acquires
more negative charges.

Topics to be Discussed

+ Agarose Gel Electrophoresis

* Acrylamide Gel Electrophoresis
— Native conditions

— Denaturing conditions

Capillary Electrophoresis
—3130x
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Electrophoresis of DNA

* The Phosphate groups on the backbone of the
DA molecule readily give up their H* ions,
therefore nucleic acids are negatively charged in
most buffered systems.

DA molecules will migrate away from the
negative electrode (cathode), and migrate
towards the positive electrode (anode).

* The higher the voltage, the greater the force felt
by the DNA molecule, and thus the faster they
will migrate in an electric fisld.

Electrophoresis of DNA

+ Constant Charge to Mass Ratio:

— Dwring electrophoresis the DMNA fragmenis are
Eﬁamd based sclely on size. This is because each
of maolecules, regardless of size, experiences the
same amount of “pull® from the electric cumrent.

— The structure of DMNA is comprised of nuclectide units.
Each unit contains: 1 phosphats, 1 sugar, and 1
nitrogenows base. For every unit there is one negative
charge from the phosphate.

— As the DMA molecule grows there are more units
added, each with a negative chargs.

— This means the charge is proportional for each DMA
molecule. More units = More

Gel Matrices Used for
Electrophoresis of DNA

« Agarose Gels have fairly large pore sizes
and are used for separating larger DNA
molecules (ie RFLP fragments).

« Polyacrylamide Gels are used to obtain
high resolution separations for smaller
DMNA molecules (STR and DMA sequence
analysis).
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Agarose Gel Supplies
An electrophoresis chamber and power supply
Gel casting trays, which are available in a variaty

of sizes and composed of UV-transparent
plastic.

Sample combs, around which molien agarcse is
poured to form sample wells in the gel.

Electrophoresis buffer, usually Trizs-acetate-
EDTA (TAE) or Trizs-borate-EDTA (TBE).

Agarose Gel Supplies

Loading buffer (for loading samples) contain
something dense (i.e. glycerol) to allow the
sample to sink to the bottom of the sample wells,
and one or two tracking dyes, which migrate in
the gel (ahead of the DNA) and allow monitoring
or how far the electrophoresis has procesded.

A fluorescent dye used for staining nucleic acids,
such ag Ethidium bromide or Sybr Green.

Transiluminator or Fluorescent Gel Scanner for
photo-documentation

Agarose Concentration

By using gels with different concentrations of
agaroge, one can resolve different sizes of DMA
fragments. Higher concenirations of agarose
facilitate separation of small DMNAg, while low
agarose concentrations allow resolution of larger
DNAs.
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Electrophoresis Buffer

Several different buffers have been
recommended for elecirophoresis of DNA.

The most commonly used for duplex DNA are
TAE (Triz-acetate-EDTA) and TBE (Tris-borate-
EDTA). DNA fragments will migrate at
somewhat different rates in these two buffers
due to differences in ionic strength. Buffers
establish a pH and provide ions to support
conductivity.
— TAE has buffering capacity and dsDMA runs faster in
TAE vs. TEE g copacky

Agarose Gel Eecfrophoresis System

Zampke: 1aaied
i vl

L
puars @lbcd —
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Agarose Concentration
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Ethidium Bromide

* Thiz compound contains a planar group that
intercalates between the stacked bases of
double-stranded DNA.

* UV radiation at 254 nm iz absorbed by the DMA
and transmitted to the bound dye.

* The energy i= then emitted at 590 nm in the red-
orange region of the spectrum.

After completion of the run, visualize the
DNA under UV light.

Bl gt AT T el e e | LG i e o o e AL B g

Polyacrylamide Gel Electrophoresis

* Polyacrylamide gels are poured between two
glass plates held apart by spacers and sealed
with tape.

* The length of the gel can vary between 10 cm and
100 cm depending on the separation required.
Longer gels = more separation {sequancing)

+ They are always run vertically with TBE as a the
buffer.
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Agarose Gels — Ethidium Bromide

= Ethidium Bromide
mtercalstes betwsen the
stacked bases of the DMNA
strands.

= Ethidium Bromide can be
co-polymerized with the
agarose or stained posi-
slectrophoresis by
incubating the gel in an
Ethidium bromide solution.

S S

Acrylamide Gel Electrophoresis

Polyacrylamide Gel Electrophoresis

* Polyacrylamide gels have enough
resolving power to separate fragments
differing by one base pair in size, but their
range is ~ 5 to 1000 bp.

» They are much more difficult to handle
than agarose gels, fragile.
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Non-denaturing gels (Native)

= Run at low voltages - 8\Vicm - and 1X TBE to
prevent denaturation of small fragments of DNA by
the heat generated in the gel during
electrophoresis.

= The rate of migration iz approximately inversely
proportional to log of their size. However, the base
sequence composition can alter the electrophoretic
mobility of DNAs such that two DMAs of the same
size may show up to a 10% difference in
electrophoretic mokbility.

Capillary Electrophoresis

Heat Dissipation

= Performing electrophoresis in a capillary
allows the heat to be effectively dissipated
through the capillary walls which reduces
any convection related peak broadening.

= This improved heat dissipation means that
higher operating voltages can be used in CE
which can produce significantly faster
analysis times.
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Denaturing Gels

* These gels are polymerized with a denaturant
that suppresses base pairing between
nitrogenous bases - this iz usually Urea but can
e Formamide.

Denatured DNA migrates through the gel at a
rate which iz almost completely independent of itz
composgition or sequence.

Heat Dissipation

« In comventional slab gel electrophoresis the heat
associated with the generation of electric current
during s=paration can cause problems of peak /
band broadening.

Heat causes the formation of convection currents
within the gel.

Heat generation restricts the operating voltages
that can be uzed in slab gel electrophoresiz which
produces longer analysis times.

Capillary Electrophoresis

= Parforming electrophoretic separations in
capillaries was shown to offer the possibility of
automated analytical equipment and fast
analysis times.

The capillary was inserted through the optical
center of a detector which allowed real time
capillary detection. You can view the data as it
is detected by the instrument.
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Capillary Electrophoresis

* Operation of a CE system involves
application of a high voltage (typically 10-
30kY) across a narrow bore (25-100pm)
capillary.

« The capillary is filled with electrolytic
solution which conducts current through the
inside of the capillary.

+ The ends of the capillary are dipped into
reserveirs filled with electrolyte.

Capillary Electrophoresis

+ Application of a voltage causes

movement of sample ions towards their

appropriate electrode passing through
the detector.

» Tho plot of detector responsa (RFU)
vorsus time (data point) is generated,
which is termed an electropherogram.

The Data
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Capillary Electrophoresis

+ Electrodes made of an inert material, such
as Platinum, are also inserted into the
electrolyte reservoirs to complete the
electrical circuit.

» & small volume of sample is injected into
one end of the capillary.

+ The capillary passes through a detector at
the ocpposite end.

Capillary Electrophoresis

(CE)

Filled with Pobymar
Soluticz

Argon Ion
Laser

Burn capellicy

wendew

DNA Separation ocours in
minutes. .

Data Acquisition— 40 mimstes ||

N TP

Chemistry Involved

Injection

— elecirokinetic injection process

— importance of sample preparafion (formamide)
Separation

— capillary

— POP-4 palymer

- buffer

* Detection

— fluorescent dyes with excitation and emission traits
— wirtual filters (hardware/soffware issues)

®

®
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Injection
= Electrokinetic iniection:
Definition: A mechanism that forces a small amount

of sample into the capillary as a result of an applied
voltage.

Process: A small amount of sample is forced indo the
capillary when the capillary and the electrode are
submerged info the sample vial and voltage is
applied. Since the sample is ionized, ions from the
sample migrate into the capillary.

"Incroasing the amount of Gme ihat fhe capillary and slecirods ane fn
confact with the sample shouwld incresse the amownt of sample
[DNA) craswm dnbo e capillany

The importance of Formamide

* Formamide and single-stranded DNA
- Samplesmne anal are Tirst diluted In alargearml.mt
(proporiionally 1-25) of high quallty delcnized fommamide (HI-D).
Formamide serves two Ul i
» 1. By diuting the PCR product In 3 large wolume of sokilion
the £aits asfociated with PCR are dilufac. The salt dikticn
alds In the sample Injection process.
2. The feamamide forms hydrogen Dends with the nuelcolide
bases preventing compllmi hybridization; forcing the
CNA Inta & singie-sirandad formiation. This single-sranded

Torm Is nE[‘.EE-S-aIR"FDI’I‘IFEII resolution. When tha DA |5
singie-sirandea 1 Is male fexitiz and Is batar abke b3 Intaract
the skeving medium (FOP-4), resulling In e of
sizad I"I%DEGI..IE‘G and If'llﬁgl ml‘EBﬁEgﬂl'B&mm
= |n addiicr, secondary structure i eiminyied.

Injection

* Electrokinetic Injection:

— Since the introduction of DMA into the capillary is
based on the application of an electric voltage, the
salt ions present in @ sample will also be affected. If
the ionic strength of a sample is high, the ions will be
competing with DMNA molecules for injection into the
capillary.

— The ionic strength of the sample and the amount of
DA injected are inversely propaortional to ane
another. Low ionio strength = Lots of DNA on cap

— lonic strength is also used to “level the playing fisld™.
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Injection

- The efficiency of electrokinetic injection is dependent
on the amount of ions present in the sample.

Sample stacking describes the preferential sample
injeciion between the DMA molecules and the ions.

= As the ion content of a sample increases, the sample
conductivity also increases (ionic strength increases).
The ions then compete with the DNA in the sample to
be injected info the capillary. Thus, fewer DMNA
miolecules are injected.

Injection

* The amount of DMA injected into the
capillary is inversely proportional to the
ionic strength of the sample.

ﬁlonln strengih of sampe ﬂmm in capliiary

Injection

Sample Stacking:

— When DMNA is injected from a solution that is lower in
iomic strength, than the buffer inside the capillary,
sample stacking results.

— When the injection woliage is applied the DMNA within
the sample solution rushes into the capillary, As the
CkA enters the capillary it encounters a that is
much higher in ionic st h, bringing the racing
DA molecules to a halt. ardless of sizeflength,
the DMA molecules stack on of one another
forming a sharp band.

— The large DNA molecules will be starting from the
same ﬁ:-intas the small. This "evens the race
through the capillary”™.

— The sample is focussd!
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Injections

A few nanocliters of DNA enters the capillary:

— The capillaries used in STR analysis are made of
fused silica (glass). They are 47cm in total length and
3bcm from the inlet to the detection window. The
imner diameter is S0pm.

— Some available lengths of capillary are: 4Tem and
SDcm. The longer the capillary, the longer the
separation time, the better the resclution. The longer
capillaries are traditionally used in sequencing where
1bp separaticn is required.

POP 4

Performance Optimized Polymer — 4:

— The "4" refers to the 4% concendration of linear
uncross-linked poly(dimethylacrylamide) or PDMA
The POMA molecules coat the inner wall of capillary
masking the charge of the silica. Allewing for non-
retarded migration of the DMNA.

— POP-4 also contains 8M UREA and 5% 2-
pyrrolidinone to maintain the single-stranded
formation of DMA during electrophoresis.

— The buffer that helps to maintain pH is 100mdd AN-
tris({hydrooyrnathyl methyl-2-aminopropane-sulfonic

acid (TAPS). This buffer also aids in sample stacking.

Separation Issues

= Run temperature -- 60 °C helps reduce
secondary structure on DNA and
improves precision

= Electrophoresis buffer — Urea in Pop 4
helps keep DNA strands denatured

= Capillary wall coating - dynamic
{conztantly changing) coating with polymer

« Polymer solution -- POP-4
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Injection

— The outside of the capillary is coated with a
layer of plastic polvimide. This adds strength
to the otherwize frail capillary. This coating
however interferes with the fluorescent
detection and must be removed. A small
window is burned away to allow the laser to
penetrate the capillary.

- The ingide of capillary is uncoated from the
manufacturer. It does become coated
howewver, after it has been filled with POP-4.

Separation

DNA-
DNA-E ol (D)

DNA-

e b R A

= Slze basad ssparation due to Interaction of THA makecules with

entangled palymer strands

» Polymers are not crogs-linked (a8 in 6lab gels)

» "2l ks not attached to the capliary wal

+ “Pumpable” -- £an be replaced afer each run

»  Polymer lengin and concentration gelemine the separation

characterstics

Detection

+ Fluorescent dyes
— speciral emission overlap

—relative levels on primers used to label
PCR products

—dye “blobs” (free dye)

+ Virtual filters
— hardware (CCD camera)
— software (color matrix)
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Detection
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Do you remember the electromagnetic spectrum?
- Enemgy travels i waves
v ENOTEr WS NEVE PNOTE ENEY
— & phaton & the slementary paricle of sizciromagnztic radialion for
a given wavelengin (ight).

Detection

vy

welrnzn

e ey e e T

Remember that EM waves Wi 1horer aaveengirs have more enengy!

Detection

Methods:

Intercalating fluorescent dyes — Binds to the
DA, only allows for analyses in a single color

Adding labeled deoxvnucleotides (dNTPs)
into the PCR product — Impacts mobility of
the DNA fragments in an electric field; the ionic
charge on the dye also changes the charge-to-
mass ratio of the DNA-Dye conjugates
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Detection

 MolecuEs (Tucrophores) exst 3t 3 "pround Elate” enengy keves
+  Enargy (photans) s emitted from @ Ignt source (lasar) o axche the
EBCans of a molscue.

- Elacirons Must absar of feiease energy WHEn changing kevels
(ahport={;reseage= |,

~ Edacirons 30B0rh enangy and are slevated 1o 3 ngher energy
Iwel, This excited stale i oney lemparary, approd 1410
ManosECands.

- Inleraclions and canfommational CHanges Wimin the moRcue
cause electrons to transition to 3 kower energy fevel, causing the
refease of enargy In the farm of a phofon (Ight).

— The snergy of the released proton is differant than the energy
thal was absorbed from the faser - ihe difersnce between lhe
W0 BLAES 15 S100R'S BIR,

Detection

 Energy absorption and fluorescent
emission properties are specific to
individual dyes. Therefore one dye can be
differentiated from another

Utilizing dyes with different emission
fluorescence allows for multiple DNA
fragmenis to be run simultanecusly.

Detection

* Dve attached to the 5" end of the
amplification primer — Only labels one
strand of the amplified product for ease in
analysis (second strand is not detected).
Multiple amplicons can be labeled
simultaneously.

= AB AmpFISTR kits: it is the forward
primers that are labeled.
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Primer - 5" end Dye Attachment
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Detection

= Using a multiplex kit requires multi-
component analysis to compensate for the
spectral overlap.

Multi-component analysis is
mathematically performed by subtracting
out the fluorescent contribution of
overlapping dyes leaving only the dye of
inferest.

Fluorescent Emission Spectra

Iromsity

Hormalized Flysies osil
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Fluorescent Dyes

= Each manufacturer of Fluorescent DMNA
kits{STR Genotyping kits employs a
combination of dyes optimized for their
muitiplex system, the modes of detechon,
and the laser used.

» The manufacturer also optimizes the
concentrations of the dyes to promote
balanced electronic signals across each
loci in a muktiplex system.

Detection Identifiler

EFap WD MED PET €4

Fearmalizad Emesinn

Watrslarsigih jrom|

Detection
f ;
fy N A matrix, or
( ! spectral, is used
to create a

¢ Syirtual filter” to
Ly permit only the

. S specific dye in a

wavelength range

to be visualized.
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Detection

* Creating a malrx file involves running dye
standards and capturing the fluorescence for
each individual dye — no evidence STR data
associated.

The flucreacence is then tabulated and the
amount of overlap between the dyes iz
calculated.

Thiz calculation is then applied to all subseguent
runs of evidentiary samples,

Detection

* The Matrix is defined as a Spectral on the
3100 series instruments

= The spectral is appled to the data when it
is collected by the camera, and is NOT a
separate analysis. Thus, there is no true
raw data associated with the 3100 senies
instruments.

—— 3D wilhout ros

31 30wt Sparc el

B LEIRT

86

Detection
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These values are used by the Analysls Softwars o GEDEEte the
wancus dye colars from one arother. The letles B, 6. Y, and R
reprasent the dye colors Blue, Green, Yellow, and Red, respactively.

Raw data from 3130 with Spectral
applied

Detection

= Since the flucrescent dye is affected by its
environment, varying conditions can
influence the effectiveness of the matrix.
Therefore matrix files should be
generated as often as needed when
runfdetections conditions are altered.
When are new matrix files needed?

—When observable artifacts are seen during
analysis, aka pull-up.
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Appendix 3: 3130XL Presentation:

Applied Biosystems’
3130x/ Genetic Analyzers:
The Theory

Mortheast Regional Forensic Institute

Presented by: Jamie L. Belrose
Created by: NERFI Staff

® » » | Electrokinetic Injection

The single-stranded (negatively charged)
DMA is drawn into the capillary via the
application of an electric voltage (

. bazed on validation).

By using electricity, only a sample’s charged
species enter the capillary.

Elecirokinetic injection is highly dependent
on the ignic sirength of the sample selution
and the buffer within the capillary.

Sample Stacking

= When DRA Is Injected fram @ sample
salution that Is lower In lonlc strengih, than
e TARS putfer Inskie 2 caplllarny, sample

stacking results | Capilary
‘ 100mM

= When the Injection valtage Is applied ihe

DMA within the sample salulion rushes into

the capliary. As the DNA enters the :

capliary it ercounlers a buler that Is muen | Sample

rigner in el strengtn, bringing the racing

DRA molecules to 3 nalt. Regardiess of [ 1mM

size, he DMA molecules glack on fop of

one another forming a shang focused band.

= ThIs 2¥ens the race. The large DNA
molecules wil b slarling frem the same
point a5 the small.
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Sample Prep with Formamide

Sampies are first diluted In 3 large amaunt (proponionaly 1:24) of

Farmamioe serves twa roles:

Dlluting the PCR praduct in a args volume of solution also
aszocialed with PCR (this 1= Important In

tne samplz Injection process In that = decrases the lonle

strangth of the sample solutlon)

Keaps DNA

O Fome hydrogen bongs win he nucleotice bases prevening

complimentary hybrglzatien, ar re-annzalng.

O Wity do we want singie-sirandad DMAT

O Better resolulion (2s0NA IS bulkler)

O Single-srandzd DA NEs Increas2a fednlity lowng for
eaEler movement SNraugh the FOR-4, resuiting In betier
separation of clossly slZed molecules and thus Increased
resantian.

O In agditon, secendary structure |5 liminated

Electrokinetic Injection

# Since the infroduction of DMNA into the capillary is
kased on the application of an electric voltage, the
salt ions present in a sample will also be affected. If
the ionic strength of a sample is high, the salt ions will
ke competing with OMA malecules for injection into
the capillary.

# The ionic strength of the sample and the amount of
DMA injected are inversely proportional to one
anather.

® |gnic strength is also used to “level the playing fisld”

.

®

*

L]

Capillary

ADove @ pH af €, slica (91356) 6 nagatively charged.

It the Inskde of the capllary were ta remain uncaated, the Inslde wall of
the capilary would become covered In & layer of negallve charges. The
TAPE buttsr witnin 12 caplllary would creale a layer of positve chargss
on o of this; creating what Is known & the “double-layer

The negatlvely charged DMA maleculzs would be atiracied w0 these
pasitive charges.

Winen tn2 separation vollage |5 appaad, tha mablle catlons (posiive)
would migrate toward the cathode (negative) and pull the (DINA)
molecUles IN Me same dirsstion, D3k 19 SIS
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Electro-Osmotic Flow (EQOF)

in ofhar words, the posiive
charges (sations from the
buftr) tat formad on top of
the negative charges (arions
tram the giass) will migrate
trward ine negalive =lectrods
and pull the KA back to
Whers it sfaned from

Electro-osmotic fow 5

Tnls pheroMEnan & knoen
35 slectra-osmotic flow (ECF).

'|CII'dF.'uEI' the POP4

t2Yy coate fhe meide
CIH.I'F' EEEIIIEN ko prevent
EOF:

Constant Charge-to-Mass Ratio

« During el=ctraphoresls ine DNA fragments are separated Dasen

sokely on sZ2. This k& becaues each of the mokecules, ragandisss

of slze, expariencas the Bame amount af “pull” from the sleotric
cument.

= Tha siriclurs of OMA 15 comprised of rucieciics unlis. £
contin . 1 gugar. and 1 nuclectide tase.
a8 unit Vi charge tron

Az the DNA molesuls grows Tere ars more Uniss added, =ach
WIh & negative sharge

= THis means the charge Is proportional io molscule's S22 for
=ach DNA fragmen:,

* | Stokes Shift

. Theemt.ﬂbremrgym-nﬂ'easa.z

- TI'E EMESEION Ene
mnrewa-n taglE-
wavaiangkh & oy
5113!]9571“ de'em:lr' symn'na
dfferantizhe between the bao
‘WEneenging and ondy cobes and
recor the emission

‘n:rnlhe

= Eachofthe 5 EI.‘SEdI'IdﬁE
B amuEslon wavalan II- A a
aimﬂngm Insinamert o gefemine Rrsiniaiieision
15 “sesing”. Wambingh s

OWE LD
FEE

Figase 101 I Batar (3008) Forauic D8 Tymiep, T Gofties © 3005 Tiaser Axcemic fraan
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e » o | Separation based on size

wWnen Ine s2cond vollage i appiisd
the DA beglins to migrate tavard the
posllive anods. As Il passes through
ihe POP-£ It Inferacis with ihe
enlargled linsar FOMA molecuies.

Tne snorler DMA tragmenis can more
readily navigate trowgh the sisving
medium and reach he detection
window sooner,

L

Fluorescence and Excitation

When the DNA ﬂ?ﬂ"l‘lenlE l":ll:ﬂ '41“ 'JE'[EENH Winoew they
encounter a laser. The © £ ¢ lecated at he S erd of

tne farvzsd primer Is "NG'IE’:I
= LASER =Light Ampiification by 5 tmulated Emission of
Fadaton.

Thie excitation energy from the laser causes an electran of the
fuoraphare molecuis o as5end to & higher energy level The
gl2ciran then undergose 3 confarmational changs and returna ta
Ine orginal ground Slate.

A5 It 15 doing 52, It 2mits 3 photan of Bght

Optics and the Detection
System

* LASER:
= The laser is the source

of excitation energy

fluoreseent dys
=missions.

AER 31040 Aarmy Cimtrnon

negded o detect the

3130 has dual [asar
Buminatien to evenky
excie all of the capilanss
simultanzously.
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Charge-Coupled Device (CCD) Camera

Uses a small, rectangular
plece ol = rather lhan 3
plece of fim ta recelve
Incaming kghl

weaem

This piaca of llicon 15 divissd
ata many Nght sensitive celis,
2ach cell reprasents one pix

{plchure element] of the enfire ¥
pleiure. The surtace of Mme |
camera I 25€ pixeds wide by |
550 pheels long.

Optical Calibrations 3130

Spatial Calibration

89

¢ » ¢ | Charged-Coupled Device

How does a Charged-Coupled Device work?
CCD gan recelve charge via the phodoelectnic effect and
electronic Imagss can o2 created.

The pholosiecinic effc 18 BYTIOAYMOUE WER Stokes Snet
Zach ane of ine plxets on Ine surface of i METE
accumulzies (bulids up) an elscirc chargs (from the emited
photos) proporional to the Bght itensity 3t that mE in fme
All at onca [zvery ms) this siored electrical ensrgy 15 5entas an
electronic eigral to the data colleclion software
This Informatian |8 ihen converted jusing mathematical
algorithms) inig the peaks ihat you s2e In an elscirophenagram

¢ & o | Optical Calibration

Spatial (3130):

» A spatial calibration maps the position of each
of the 16 capillaries on the surface of the CCD
camera.

o A spatial is performed when a new array is
installed, the detection window is opened, and
routinely to ensure proper insirument function.

» The spafial calibration uses the Raman water
signal from the polymer within the array to
determine the precise location of each array.

L

Spatial Calibration

Fomug P 1
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LA ‘ Spectral Calibrations

Spectral {3130):

» Equivalent to a Mafrix on the 310

« A spectral calibration creates a mathematical
algorithm to correct for the overlapping of
fluorescence emission spectra of the dyes.

» Spectral calibrations are run if pull-up is seen
often, after service calls invaolving the optics,
and approximately once a year to ensure
accurate results.

see ‘ Optical Calibrations

[e—
[T ———

e e o | Dye Set F (Profiler Plus, COfiler)

Emissior Ipeatra of &-dye Lai

oo od s e

Watd s Eth [ |

[—ramn g —— rEa iy — R ity

90

® o o | Optical Calibrations

see ‘ The Spectral

« Generated by a3 separate 2= of 3 dys
set.

+ Contains information about how much of the
collected light falfing on & virtual filter is dus to
the intended light {color} emission. and how
much is from the everlapping other colors,

+  Using a mathematical algorithm (we don’t need
to know) the averlapping colors are subtracted
out, leaving only the peak / color of interest.

Fluorescent Emission Spectra for AB Dyes
5-FAM JOE ROX
“9 e =

Inlonsity

Noamal ked Fleorascont

'-'ilna.:u 540 560

WANELEMGTH (i)
Laser exchatlon ¥
(4588, 314.2 nm) |
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4-dye Matrix

e {you can actually view this file on the 310)
Tl mame !lr i ul spmeird Reactiuns
irvarlap shee .-r-.l.-.l: e e
ik i - 5
B W [10000| [o7ezz]| (o583 | [n.o0z27 |
G [o5998 | [1.0000] [o5824 | [0.0098 ]
Y 04036 ] [o7o02] [1.0000] [0.1583 ]

] (01877 | [oze12] [o5470 | [1.0000]

« o | Analyzed data
(after the spectral is applied)

F::' im oI omoE IE IR R W m G
=
1w,
(.1
u
) stz ~ .
- R TRIRE e ME e /100 B
[T W ey 1
[ 1| B
ke | Wrdo | Bwr | Mkl | R | Nakal
i
Esr | us [P ) [Ei 7 | e table

Excellent Question!

91

see ‘ Raw data (only an the 310)

i a0 == 4000

oy

——— Mo color subfraction

een

This is different for the 3130

- The mafirix file is known as a Speciral Calibration

« For the 3100 series instruments the spectral file is
applied to the data a= 11 Jileciad, thus no true
raw data.

« How is the Spectral appliad simultanecusly as the
data is collected, you ask?1?

*ew

This is Complicated. . Listen Closelylll

Surincs of OO camea, pizdls
16 Indivictual Capillarice
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All Overlaid On Top of Each Other!!!

® e ¢ | One intersection point

« But remember {from slide 18) that the
surface of the CCD iz 256 X 550 pixeis =
140,800,

+ .....and each one of the activated pixels on
the previous slfide is really 3 X 14 =42
pixsls,

» 5o, 42 %4 = 165/capillary

= 168 * 16 = 2688 pixels activated.

92

Tah-dah!!!

Doy e
s o

i
DEEE

[ —

“Theee are four pusely activatrd fue each capilasy, con for cach dyr, |

Nuts and Bolts of 3130

The Guts

Picnune by HEEET o ff
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A&kB

Ticzam b MIEF] i

e s |Loading-End Header

Separation/Detection System

ra— ‘ 16 Capillary Array

= Oin the 313020, 18 intemally
uncoated capillares

+ Abows elscirokinetic Injection of a8 &
16 Bamples EImultanzously

« Dhrect injection from B-well plates

+ Precise capillary agnment for
==paration and detection.

= Hegh pressure seal for fitng of
polymer

93

s » o | Polymer
Delivery
System

Warer Trap 1
Upper Pump Black :
Asray Pore Enob "

Lomer Pump Block =

e # s | Capillary and Heat Block

Detecnon Winds

st oy NI i

96-well Plate Mapping

16 Capllanss (gt

et

Eudad S S AT SR E R SR I S

i

AZ=17, B1=3, nz=4_ml

[ ]
"

RUN 1

1 |RuK2
21| Runs
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e @ o | Workflow Diagram

Prepare s3ampies

[ Load Piaes |

=art Aun

Folymer n’ln;n Injectioneearopaoress
Aulo Anaiyss U Auno Data Exfraction

s » » | Navigator Pane

L -
o
B b ORGANIZATION

et
=}

~ HISTORY OF RUNS

SYSTEM STATUS

® @ @ | Creating an Instrument Protocol

SETTTE— s [Mame HIDFragAnalysis36_F_
=t | : POP4

Description |Optonal

3 Tyoe Regular
.'; I
= © 17 [ Run Module | HIDFragmentAnalysis3e
_PoP4_1
= || Dye Sat F

Data Collection Software
Features

= Collects data from electrophoresis runs
Generation of sample files = Jsa files
Allows operator to control and monitor
activity of instrument
Create/importexport plate records
Edit modules {o control instrument
Perform and view instrument calibrations
Wzard-based saf up and maintenance

= Interface beitween operator and Cracle
database

e @ » | Creating an Instrument Protocol

i [ MLt Cdlestam sl
A lmtume > gail)
BRIy Pl il

Oeck NEW [0 open Protons E0Rar

e ® o | Results Group

The Results Group
arganizes samples i
and user settings
under 3 single
nams.

It wili be used to o = =
nams, sort, and :
deliver samples (to
& siorage filz) that
result from a run.

94
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e ¢ | Creating a Plate Record

rr..::_nz:_ = l

® » ¢ | GeneMapper Plate Editor

1. Sampls nams Name of samoie

2. Comment List s=gquential three cight numbers {le 301, 0032, 003, etc_}
3. Priority D=fault 133 {all sampies. run in onder)

4. Sampis Tyos Zampie, Postive Conrol, Negattve Confrol, Alledc Lacder
£. Slz= Slandard CE HID_GE51D

E. Panel DE-32/03-33 {COMNer-Proffer Flusident®ier)

7. Analysis Method Defaull {analyze in GeneMapperiD)

5. 9P 22t None

. User efined coumes | Comments {not cumensy used)

i0. Resufis Group Here will be CAZEWORK

21, Instrumant Frotocn Hene will b SI0_FragAnaysisis_GS_POF4 S

e e & | Running the Instrument

i.. Prepare Samples and Plate Assemblies
2. Place Plate onto Autosampler

3. Schedule a Run

4.. Link the Plate

5. Run the Instrument

95

e & » | GeneMapper Plate Editor
- il

A1 T (it a1, Bl 6 e T8

EXEEEWT

How to perform multiple
® ® o | injections of the same
samples?

o Use the Add Sample Run
tool under the Edit calumn

o Additional Results Group s
and Instrument Protocal !
columns are added.

© Thiz iz useful If you would
like to inject a sample {from
the same well) twice with
different injection times.

e » » | Plate Assembly
"’__,.-\.‘\." P @ K_{ﬁl =
{7 @ s
Pl oyl bk B e,

* Wsg correct plote base!
+ Make surc ressrvcr septa ars firmiy sexted ard flot!
» Make sure holes in the plate nefoirer dlign with the holes in the septa!
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The Autosampler

Poslions plates correclly far sample Injection

Holgs 9 and 234 well plates

Eleciric s2ngars detect prasencetype of plate

Hohss cathoge buffer viad, waste. and wash
FEEETVDNE

Cap#¥aries embedded in siectrodes

Altosampier callbration only 35 nesded.

[ X N

Running the Instrument

o Very Easv

7 i et

[ X N

Run Procedure (cont.)

\Water wazsh of the capiiary
Dipped sevaral s In wasts reseniolr in order 1o rEmove any
Era ZEMplE, #c on e outsds of Te capilany.
Water dip
Capillary Is dpped In ciean waler several times,
Electrophoresis
Capillary moved ba Dutter resenior
Anoiner voitagz Is appliea 20 aliow e DA 1D travarse e
capilary
DA beging to separate through the POR-4 paivmer
Agprawmalely 40 minutes
Dretection
Daka collection begirs
\alhematical Algormims estabished oy ihe speciral ane spplisd
simaitaneousy
Can 522 e data n rea-time

96

e e » | Linking the Plate

o Under the Run
scheduler, select the
desired plate record e
o Click the plate position S
(A orB) o —
o Plate position indicator
changes frony yellow to
green when linked
o The green run button

becomes active
e & » | Run Procedure
1 pitlary Fill —
= Capilary moves from the buTer resenolr to wasie reseniolr

Capiilary |5 Nlled with Pag-4 by the force applied by 1he
cylngsr.

2 Pre-glectrophoresis

2 Water wash of the capillary
Capillary dipped taice Into waler resanilr
Femoves buter sails

Sample injection
The auigsampler moves e eample ray £0 thatine samiplia
piate is below ihe capiilary loading end header
The autasampler then ralsas ihe iray up to dip the
capliaries Inlo the samples.
15 kW for 5 seconds Lo draw the DA up into ihe caplilary

I

e @ » | Things to be mindful of...
» LED lights located on the front of the instrument

= Steady gresn = ready
= Blinking green = running
= Zteady green and blinking amber = end of run
= Blinking amber = paused siate, door open, saif test
= Steady red = failure {check error log)
* Cathode
« Made of platinum (335 ©)
= Check for crystals before 2ach run
= Wery easy to bend!! Wipe genily with kimwipe and
distilled water
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® e o | Things to be mindful of...

* Pump Blocks

* Polymer is changed every 7 days
Cir sooner if you nofice a decrease in resolution
(broader peaks)

* Be sure the polymer blocks are clean and dry

L 3130x/ Maintenance Tasks

The following should be performed BEFORE EACH BATCH OF
RUNS:

o Reservoir sepia are firmly seated and flat

Q

Holes in the plate retainer align with the hotes in the septa

o Plate assembly sits snugly on the plate deck

o

Clean instrument surfaces, checking for dried pofymer

o Check for leaks around array knob and interconnections

en The Wonders of Wizards

Change Polymear Wizard
To Epange DIFFERENT paymer hypss, 9. FOP-51

Instrument Shutcown Wizard

+  Topregare nsTument for being ldle mars than one wesk
Fepvenish Folymer Wizang

. 'I;%'t-pensr amay with SAME palymer (samse or cfferert

Buniie Remiove Wiz
- To I't-rmwb.]tbe@ In FOF chamber, charnels, and
uBing
Water Wash I.’jm
+  Apan of e recommended mantenance procedures
Instal Ay iz
To Instal o replace & new amay

97

® ® o | Things to be mindful of...

v Capillary
= Change it when you nofice poor resalution
= Do not let the ends of the capillary be exposed to air for
maare than 30 min
= Be sure the capillary window is aver the laser datector
window, no fingerprints!
= The capillary is tough, yet fragile!
Cion't be atrald to handle It byt avold spplylng undue stress,
such as twisting
Caplliary windaw ks fraglis

e o o | 3130x/ Maintenance Tasks

The following should be performed DAILY or BEFORE
EACH BATCH OF RUNS:

o Clean and replenish water and 1 GAB (Genstic
Analyzer Buffer) reservoirs.

o Remaove bubbles in the polymer system (via Wizard)

o Check the loading-end header to ensure the capillary
tips are not crushed, damaged or have visible crystals.
o Check the level of polymer to ensure that there iz
sufficient volume far runs intended.
#® Ape. §0-80ul per set of 16 injections

e ¢ o | Electropherograms

GMID lecture with Lucy @
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Appendix 4: Genemapper ID Presentation:

GeneMapper ID
Al H Er e mow

Lucy A Davis
February 2010

Internal Sizing Standards
GS500 ROX [Appliad Blosystams)
| | B

e | 2]

ILSS00 CAR [Promaga)
| | | foome
] vl B

WS W —
| | B! A

i

Analysis Method Editor
Y
ettt i icscs —

[ i 1

98

Suggested Reading

= GMID Manual

= Chapter 7 — Analyze Data

= Appendix B — Software Genotyping
Algorithms

= Appendix F — Transfer of Data

= Recommended
=]

— Chapters 3, 5, 8 and Appendix C

Size Standard

T

. -

]

rrrararr s

il

Peak Detection Algorithm

= Basic Mode — uses the Local Southemn size
calling method uses the reciprocal
relationship hebween fragment length and
mobility.

= Classic Mode — Uses five analysis parameter
options — ranges, data processing, size
calling method, peak detection, and split
peak correction. Mac based method

= Advanced Mode - Uses four main analysis

mm  parameter options — ranges, smoothing and

baselining, size calling method, and peak
detection. NT based method
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g i |75 bp peak @ 2550 data points |
il i
= H
| 1
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Bottom end of Analysis Range should be in
this area about 2200 data points

For Profiler Plus and CoFiler

T —————

¥ mm H
T g 5
e
4 400 bp peak @ 6450 data fbints
) \ i
]
1 a
_— i+ - oo E
P (S | " i 1 ____-_J___l L _i_ 1k e
z -'-.""..l-! = -|

Top end of Analysis Range should be
in this area about 7000
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P! Py T o ] e p— e —

Yo Datetom
St ey .
L L NEL
& n o
qim
- s (1
- Pt g
1 FavamEeagE | ek
Bige Mamabide.
s gt 1 i e a0

il g

For ldentifiler
[P ———————— ]
s

(220 gy e

RS R |

= 450 bp peak (@ 700D data points

Top end of Analysis Range should be in this
area about 7500 data points

THa st Hup\lu\l'hlll_ll-u IR ey neTva T Il e Bue V% s § [ (0
Siee Standard Peuk Selectlan

e T

[The PC version detects the ILS based on pattern recognition

Pullows you to delete a peak in a standard and still use the scan
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Sizecalling
Method

Process of Sizing DNA Fragments
Using an Internal Standard

DH& 2
Bize -

DN, ragment
peaks in sample

Apsiad Biowysteis Geeinser ™ (1 Soes v 1 st Guce Pl lorrber 5387788 joey £

Allele Calling

7 s s R

= Under that Panel
Manager you
m 2 .- E s i
chemistry you
are using
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Sizecalling Methods

= Local Southern — Type used by forensics.
Determines the sizes of fragments by using
the reciprocal relaticnship between fragment
length and mobility

= 2m (or 37) Order Least Squares — Uses
regression analysis to build best-fit curve

= Cuhic Spline — Forces sizing curve through all
known points

= Global Southern — Similar to the Least

Squares but compensates for elecirophorasis
migrafion abnormalites, creates a best-fit line
through all available points

T T T T S b Tl o e o s o o e

-

2

sze
i"___'_' i
£l O3tz pont
e

Blug point is the data pont of the slisle of nterest

1. Fit a curve through poinis a, b, and ¢

2. Fit a curve through poinis b, ¢, and d

3. Average the caloulated base pair size determined by
steps 1 2nd 2, averags those 2 numbers together to get
the base pair sized of the fragment of interest

Garatazpm s D Soliweis Yerwen |0 Mefamnos Quse, Mail Bumiee 4578671 e A, Page 3

Satn tha nise o ihe Dz - Cirey bent on EFO)

Satn tha el valuz fiz JHTA

Tals a wyrbeen tha retebemr o rogerats in cach s
T Talh S ayetem the tlutler pecsiags S sach ko
tha alleles in dre allelis ek

ul  Tele

JENE Y |
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162.01-05= Il 3
161.51
16201 +0.5= B ! | ||
162.51 | | i I |
Bins ara definad ‘ | | |
between thase
et paints
I mulepls
Ladders ame om I | }
the plats, tha HE | |
wystens will | i | | |
averege tham fh EE Wk I

e e i e T e T

Virtual Allele Bins

= Virtual Alleles are alleles that the
software will assign an allele call but the
allele is not in the allelic ladder

= These are comman micro-varants that
have been identified
= CODIS does not allow alleles to be

uploaded that are outside of the lowest
or highest allele in the ladder

R S = T |
Qe | Al | Tomh Tt gl Cul; | oy Fimm -
o D i, pumms > Smoothing
e = el helps reduce
e N Ml (i the detection of
S = & x4
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Smoothing Option

= Reduces the number of false peaks

detected by the software.

— Mone — if the data has very sharp, nammow
peaks of interest

— Light — provides best results for typical
data

— Heavy — apply to data from slower runs
that has very hroad peaks, or o avoid the
detection of sharp edges. Might reduce
peak size or eliminate narrow peaks

-2. - - - - = = - - =
- | Black — Mo =1

-

= i Green — Laght Smoothing

= 3 Red — Heavy Smoothing
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Figura 4 Elkctropherogram showing the effects of smoothing
on the smaller peak and Gassling by changing the y soale
Frosm Flgure 3
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Baseline

= A small (low) baseling window

—{Zauses the haseline to creep into the
peaks, resulting in shorier peaks in the
analyzed data

= A large (high) baseling window
— Causes the haseline to ride to low,
resulting in elevated and possibly not
baseline-resolved peaks

I EOE B e
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Black = No Smoothing
Cireen = Light Smoothing
| Red = Heavy Smothing
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] Baseline

= GMID computes the haseline for 2ach dye
color independentiy

= GMID baselines an electropherogram by
subtracting the baseline from the raw
electropherogram

= The basaline value is the lowest GMID allows
you to choose the baseline data point that
sats where the software will set the lowest
value on the electropherogram

Harrrmual hassfine o 15

Fxerem haseline of

tqum 10 e chopherogram st oty

fdrake avsbrs wardw slis vae

Al

T
BH

Frgig 30 BRI A0 88 Gk (R TRy (k) ek
Fweghts C29500 By 3 e o I T Eebng windims skne vTie
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Baseliming example

L

Tharsd race s a
besaling of 2801 |

i _;.LLU*L'W_;IU.'

Thableck o ma
besalin of §

B

‘besaling af 51
¥

Figura i Basaine Window auamplo

Chirmbl e ® 12 SoPesen Varsn |0 Fewaron Goke, Pt Mg 527567 | e &, Page 7

' el | A w0
Gives the. |- e ——
analyst o o —
| more e
. control of £ =]
the data S
= capture oy Dl
e
Prrmr s n 3
e ey T
Control of e e Lk s
peak b
morphology | 5 e
|
] v | ones ]

] Min. Peak Half Width
l = Specifies the smallest full width at half
maximum height for peak detection.
- Can be used to ignore noise spikes.
= Defines what constitutes a peak.
Software ignores peak half widths
smaller than the specified value.
= |f a peak meets the value, then the
software will assign an allele call, if not

" ine software ignores the peak

e e e T F e L e o A e i e T
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control for sy e s

T = e
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ek S
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requirements

Peak Detection

= The Minimal Peak Height Width,
Polynomial Degree, and Peak Window
Size settings defines what the software
labels as a peak

= |t sets the parameters for the scftware
to evaluate

= How the software keeps from labeling a
spike or dye blob as an allele

)

FEN-

Fuil
witkh

Range is 2-99

Full width cf the peak meazured &
hallils besigt

& el Bl g b G e ™ A8 Sl VEL 1 L Dk Pt b 4300708 B ©
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Polynonual Degree & Peak Window
| Size

l m Affects the sensitivity of peak detection
= These can be adjusted to detect a
BB single base pair difference while
minimizing the detection of shoulder
effects or noise
l = The peak detector computes the first
derivative of a polynomial curve to the
S data within a window that is centered on
l each data point in the analysis range

Polynomial Degree & Peak Window
Size

Using curves with larger polynomial degrees (maors
warables in the eguation that defines the line) allows
the curve to more clasely approximate the signal and
thersfore the peak detector captures more pesk
structure in the electrophercgram

The peak window size sets the width {in data poinis)
of the window to which the polynomial curve is fitted
to data. Higher peak window size values smooth out
the polynomial curve, which limits the struciure being
detectad. Smaller window =ize values allow a curve
to better fif the underlying data.

T8 mEs T

Constant Polynomial curve 3
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Polynomial Degree

= A polynomial is an exprassion of length
constructed from mathematical equations {i.e.
2 — By +2)

= The degree is the number of terms defined in
the equation (the above equation has a
degree of 3)

= Curves with larger polynomial degrees {more
varables in the equation that defines the ling)

= will identify shaper increases in the slope of

the line making the peak on the EFG

i s e s

Constant window size 15

t
o /
s
[\
(i t
Folaermsl cores ol degres + it
- e il
I L%
Polwornial curee ol degres o 'I' y
el 7 \
- !
Polacenial cimees ol clugies 2 Ed
= att]
[
= /
1 -
O W T O C]

Figurs &  Elkctmphatogam showing peaks detaciso with na
sama window siee and thres differand polynomlal degresas

Apuied O oayahins A hotwain V3 | L Gkt il Mumzer 45580788 ey &

Peak detection Sensitivity

Controlled by
Folynomial Degree & Peak Window Size

More Sensitive
{Increase) Polynomial Degree

l{Deaea s&) Peak Window Size

Less Sensitive
FPalynomial Degree

Peak Window Size
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Example THO1 2.3 and 10 alleles...

S S B g e g PR RS T e

]
i

Pobmomial Degree = 3
Peak Window Size - |9

RN, N R

R e LT "y

The software fooks at the window size us-"lr-é:zl then evaluatas
within that window if any shapes match the defined palynomia
degree
With these settings....they are detected as ONE peak

Apsbed Booystsims Sareeg o ™ 1 Sotean V3 0 Users Guce Pan Momtee 85187788 o ©

But, You can over do it!l!

L

! Peak Splitting
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Slope Threshold for Peak Start and
End

= Adjusts the start and end points of a peak
= Zan be used to better position the start and
B end points of an asymmetrical peak or a
poorly resolved shouldering peak
= Generally the slope of a peak increases from
baseline up to the apex, and from the apex
down to baseline the slope becomes
[~ decreasingly negative until it retumns to zero
at basaline

By increasing sensifivity, both peaks are detected
| Oib.- 3. %.2. s F X s _F 2 A 3§ . r a_s +# 7 3 1T .3_:2_3 5 _1_J r _ S

Polvnomial Depree = 3 (Same)
Peak Window Size = 19

15

the window is decraased, then the software evalusies
within that window for a structure that meets the polynomial
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Ap]:irl}' a value of -35.0 for
the endpoint of the slope
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Create Analysis Method —
NERFI Workshop 100208

e | Fod B s o e

Importing Settings

= Import Analysis Parameters

= Copy the parameters 1o a specific
location on your computer or USE drive

= GeneMapper Manager—Click on
Analysis Setting tab—Import—Highlight
appropriate parameters — Import

I EOE R e "Il il
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i
!

Data Analysis - NERFI Laptops
GeneMapper ID v3.2.1

= | og on {printed on the left hand side of
key pad
— User name: NERFI
— Password: rox15001

= GeneMapper 1D (GMID) Log on (printed
on the right hand side of key pad

— User name: grid
— Password: gm2130

Maost comimon mistake made while
creating analysis methods in GMID
15 not identifying Bin Set

L
[fusing the
“parch” v3.2.1
rake this
e e

I EUE B B e N EUE e

Importing Settings

= Import previous GMID projects
= This is where you will import projects
created on other computers

= If you were using a 310 you would have
to import matrices here
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Creating a new project

= Once GMID is open, there will be a
blank project on the screen

m From here, the sample files from the run
folder will need to be added.

= To do this, go to File=Add Samples to

B

Project, Cirl K, or the icon

"EERD wa|

Now you can analyze your project

= Be sure the correct analysis parameters
are selected

 you mesdity i nan range, MAKE SURE you reset it lo ociginal s=fings
Be sure to check all size standards
-CE_G5_HID_G=500
= Verify sample type column is correct
~Adleiic Jadders are lisied as ‘Allelic Lagder
55473 Is listad az ‘Posiive Sontrof (cpticnal

-Gt negatve ard reagent oianks ane designaled Az Wegatve Contal’ icplionan
-EianEs may be delzted o project (optonal)

= Verify the panel information is correct

-'r'oea are using Identitier_v2

I EOE N e e "1l i
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Navigating to your run folder

= Navigate to your run folder that you
want to analyze

= Move over the entire run file by
selecting add to list

~Biaich rum folkders whl siready be crested specHic o each case off the 2530

=\Athen you copy you dala fi=s make sure w0 put your sample s in 2 fokier under
you're “My Documenis® fle. Do NOT put tham on rour cesidon and lesve hem
Bere

Sorting with the Comment

= The Comment column will allow you to
sort in the order of injection

= [f you don't do this, your plots will be in
alphabetical order, not injection order

= Make sure the Comment is selected in
the samples table

-To check this, ssiect fhe tabie ioom or Ci T, and be sure the Comments is checked

~Mest, 9o under Edf>Eant (G G, ane soit by Comments
TIEL

E eSS
CE L e
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Analyzing the Project e

LA T
= Select Al (Ctrl A) to analyze the project " — =
-This wili promet wou to save e project Mm-u---.r rofect
(25, SamplaGa/ SimEers Cate nnmm
~Jrs the proect o analyzed, 1 press ammlmbrarwv:m

= Select All files and go to the Size Match
Editar J 1]

-Fnof— IhtEE: hazn Edber, oiz Wi be chezking all of your infemal Lane Stardard

4thwﬂmwumaf¢mm«summbm: Ieft comer of your soreen,
e bofom sight comer, pufl the box to the size of the screen
A :rrl:l:u:i bz box arcund & sampe will alow o bo gse dhe amow Bys S0 go
op and dowe
-4 NigAAghIea Blus Dox sl N0t alow yOU S0 VW Four SAMEHS WHn e e By

I-l-i

- T e e e T i —

Problems with Size Standards

= Make sure you have the correct
size standard selected

= If you are missing the 75 or the 450
peak, you will need to reanalyze
your entire project with expanded
parameters

What 1s wrong with this standard? e
Problems with Size Standards
== — e
B IF... [ THEN...
Etazepair sizes for peaks
3 E7%, TE, 100, 125, 150, 150, 200, 300, 340, 380, 400,453
i Pk heights are aoovs defined Sle= standan ILS] signa Is acceptanis
- theeshoid Continue
i Paak shage i feasgsnad anciormany | IS may be uraccepistis. Re-npct
= I adme sizas Cal
T Incomect assignmernis ewdss for any i the nomecky assigned peakis) &
= peakis] needesd by nooonie S ooy souhem
1| skzing method, re-njec sampee
Stamaad peakiz) I usatis |0 oe UREToAn UBRgTENT [ann be aralaed
-~ [ redefined for fhat region. Re-inject or re-run
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] Raw Data Review
= |n order to look at raw data, select all

I sample files to View=Raw Data (Cirl F2)

- ~The winoow fncions i & simiar fazhion io e Size Wiacn Edior

B The off-scale value for multi-capillary instrumenss is
rot @ standard set value, bke the 3181 on the 210. K
will vary depending on the sample, run, capillary eic.
In addition, if a spike, pull-up, or overdapping peaks
are presant, it may irigger the off-scaie flag for
samples less than 3000,

~Remamber. 0F N sampies 0 means e ks an off-scaie peak win e she
smandard raglon (T5-500)

-0E In fe penohypes b means fhere |3 an off-scalke region win e maker ange

Data & size calling range
Sean poeets o date peania
w3
= — “
=
Ty |
i Raw data
Off-scale POV
Samgple filz not found — k
Yellow dismond , |
'-l'l_llln—q L = \ i
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Off-scale Samples

Peak height must be within the acceptable range
for the instrument being used. For samples with
raw data ~T400RFUs on the 3130 data is
interpreted with caution.

Multicapillary instruments may praduce off-scale
dafa less than 7400, be sure fo examine the raw
data. The use of the Off-scale (DS) PQY isa
helpful indicator of off-scale data within a sample
and locus.

The sample may be interpreted with caution, but
it can be re-injected at a decreased injection
time.

| -I-j

Process Quality Values (PVQ)
Samples page

POV Column Description

500 Size Quality Over-ride
SFNF Sample File not Found
03 Off Scale

Sa Size Quality
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1 Process Quality Values (PVQ)

Genotype page

I PQV Column Diescription
AE Allele Edit

o ADD Allefe Display Cverload
AN Allele Number
Bin Qut of kin allele

] 250 Basepair Peak

= The 250 basepair peak for each sample
should be check to confirm the migration is
not =+1bp.

B - You can look at this data IJ\;’ going to Display
plots and reviewing dye only

= |f the data is outside range consult
Supervisorflnsiructor.

— Data may need 10 be re-run or broken into smaller
orojecis
=1

250 Basepair Peak Evaluation

ihe table will show

the base pair size of
jastthe 250 pack

I : When you filter on
“show select rows”
=]

Displaying Plots
» Highlight the desire sample(s)
= Analysis=Display Plots

[ |

— Samples with low sizing guality value can not be

displaysd
= To zoom infout. Right click on X or Y
axis=Highlight Zoom fo...= enter desired
value
— Apply to al! electropherograms
= Hold pointer over X or Y axis, what fill
283 magnifying glass appears, right click and drag

only the 230 peak
i of all samples over-
.ll! taid ou rop of each
T ) — other

250 Basepair Peak Evaluation
In display plots you
1 can look zero in o
=
=

Deciphering Arifacts from the True Alleles

STR allales
K
el
[‘.',Elmb shuder
#
Y
E Shue chanrel
. Gregn channe
Pabup .t
[pieec-ihrough) = Falow sharrel
- I— FRed charnes|

M R (30 Fawan DW Tigeng. 2 Dedor @ 2008 Dot Sendsie Traan
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] Artifacts

I = Peaks may be labeled when they are
not actual alleles — Artifacts
= Artifacts may be edited

= Edited peaks meeting specific criteria
must be documented

bt 17 T O AT e P e T e —

T 1T
E: E-’-
1
i

- -nielisl ¥ oa

P 3 = — %= e ' — ] - | 3 -
]

L e AT
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] Spikes

= Peaks are approximately the same bp
size and may be present in all & colors
= A spike in <3 colors can be viewed by
overiaying bins
- If necessary re-run

Ditpirs Flet v
BE A ez eetring

—

b A e W i |.-\~_.m| e e e T

]i Pull up

= Spectral overlap

= Pull up peaks can be approximately the
same bp size as true alleles in another
color
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Schematic of Stutter Product

Formation Process
Normal STR Allele Replication

b R I el DT

-
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Slipped Strand Mispairing Model
1 2 3 4 5
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Stutter Products

Peaks that show up primarily one repeat less than
the frue allele as a result of strand slippage during
CMA synthesis

Siutter is less pronounced with larger repeat unit
sizes

Longer repeat regions generate more stutter
Ezch successive stutter product is less intense
(afleie = repeat-1 = repeat-I

B Siutier is more prevalent at loci with simple repeats
B Stutter is more prevalent at loci with longer DNA
fragments or the larger allzles in a locus

Repeat Classifications

= Simple repeats contain 1 repeating
sequence (TPOX, CSF1PO, D55818,
D133317, D165539)

= Simple repeats with non-consensus
alleles (THOT, D18551, D7S820)

= Compound repeats with non-consensus
alieles (VWA, FGA, D351358, D8S119

= Complex repeat (D21511)
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AB Validated stutter per allele

= CIF1PO — simple
repeat — [AGAT],
w D7S820 - simple
i repeat — [GATA],
1@1‘ = DES1179 -
compound repeat —
[TCTRI,

st e pmringes o B 5 B e R

D21511 — complax repaat —

[TCTALTCTG]ITCTA]L TAITCTAL TCATCTAL TOCATA}

[TCTA]TA TCTA

Bl i) By ren AipF £ 1T il b Ui Madii Pl bassel 4503501 Ree. ©

] Different types/degrees of Stutter

. = |f the tempiate strand bulges out during
the replication you will get stutter in the
-4 position
= |f the complimentary strand bulges out,
you will get stutter in the +4 position
= Excessive DNA template can also lead
mw lostutterin the -8 position

Stutter (continued)

The amount of the shorter (siutterj product is
measured as 3 perceniage of the height of the main
peak

Dividing the RFU value of the shorter signal by the
RFLU value of the main peak produces the stutter
percentage

The maximum percentage of stufter product has
been identified for each STR locus

this maximum percentags

'E NP wa|

the RFU value of the stutter signal by the RFU
difference in the two peaks

— GMID will remove the alisie label for signals within

— GAMID computes the stulter peroentage by dividing

AB Validated stutter per allele

= 018351 - simple non-
consensus repeat
[AGAA]

m TPOX — simple repeat

[AATG],

uli = VWA - Compound non-

: : consensus repeat

s e TCTA[TCTGI3-4[TCTA]

Szl Sizmubaiin Anis TR oenifiler = Uises Winca Pt Nidele: 835060 R ©
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][ Stutter

l = Majority of stutter is n-4 from true allele
= Interpret with caution if there is an indication

m of mixture

= We will use validated stutter values

= Forward stutter n+4 s usually seen when you

look at data 50 rfu's and lower

= Extremely overloaded samples may have n-3

= stutter

STR. Alleles with Sttter

Products o seepm)

{ 15 (1= 15 = £ A s b
g 5o Das1172
E 4000 | D21811 O18851
g b I Al
=
é ant Stutier
i} Frodor
& o) paw a3 Ba%

o \ \
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1 Expected Stutter Values

I = Through validation studies, itis possible to
determine maximum stutter valuss expected
R ataloc
= Genemapper|lD has adjustable stutter filter
setiings - peaks under max stutter value are
not labeled

] Stutter Cut-off Values
T AT L

I o 0
e o
= ;
e B
=l : 5
ExT I

] Shoulder peak

= Caused by broadening of a peak and
appears approximately 1-3 bp smaller
o o bigger than the main allele

114

Al BN PN P A R AT T T TTT TR

Dye Artifact peak

= Caused by
unincorporated dye L —
from primers, that I
can migrate info the =
range of interest. -l )
= Morphology typically ... hofl
does not resemble a ﬂw
peak (broader and
poory shaped)

l_
:

Raised baseline

= Caused by fluctuations of the electrical
current

= May occur in one or all five colors

= Edit noting base pair range and color
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1 Non-femplate Addition -A product
= Taqg polymerase will often add an exira
nuclectide to the end of 2 PCR product;
maost often an “A" +f-“’" # | = Caused by
- = Can be enhanced with extension soak at [ I\ incomplete
the end of the PCR cycle (e.g., 15-45 min b o ol adenviation
@ 60 or 72°C) 5] 1825 ¥
i : = Appears
n Can be reduced with new polymerase ity 4
= Best if there is NOT a mixture of “+/- A" A Lp o
peaks -ﬁy A Jﬁl base pair less than
= . i / true allele

1 Artifacts List
TYPE of ARTIFACT GMID EDITING AEBREVIATION
Shutier abcve cub-off valueisievale EETR i 1R
Wibdbieg o HTRabaltal
-1Adinus AEoit paaks = '-:i:lll 3OO WP
- oy
- Ful-up PUE, PUG, PUY, PUR or PUC wil
Fealsed bassine REL
Spise SFHEE
Diy= Bict DYEB B e
Vizcefanesus arfiact MIEC
- Foonciusive 1
yoing resuk IR [masst include 2 hardmriden nobe on
each page of the EPG regardng why e bgiarn BV Giofehyper® soltyesi i of W AmpErETI kortitle Alledic Lnides indiciting e
result was deemed Inconciushe ) Rt grailbon o wacht alhea. Thses i = i Slilsiied o ail AR PRESS 310 Ganilo Sk
j e e Pt oo ST e iy Pt ot s et s s pinl Spmemieni L=y Bpraied Bl W | rckerl D Usain Masusd Pad Numied 4222000 Rire. O paage 144
] Aflalic Tadder Allelic Ladder Formation
Sepanate FCR products fom various
SUTOEs MmNTEd Wit primers fargeted
. - Iz a particular 5TR ocus
. = Contains common alieles and some vananis )
Falyacrdamice Gal
= The common alleles are taken from a pool of
B individuals which will result in allsles in the g - Ot
alielic ladder having different peak heights - - —p
< 3 | |
{the more comman the alliele. the higher the mm | Se-arplfy
peak in the ladder) -
= Combines all loci and dyes in one amplified Find r=presentaiive alizles —
g sample for each system (PP/CO) s il e =
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Allelic Ladder (continued)

= Base pair sizes of the alleles from sampies
are determined using the Internal Lane Size
Standard (ILS) and then compared to the bp
sizes from alleles in the ladder {also sized
with ILS) to obiain the allele call

Each electrophoresis run must contain a
working allelic ladder for each system being
used

= Yendors provide amplified DMA of the ladder
= Allelic ladders are included in PCR Kits; will
vary vendor to vendor

I EOE B e |

Allelic Ladders
Check allelic ladders to assure:

F... THEN....

A3 paak neigris ane above All2lc 13002T 1§ AI0EpRatis
threshiold, and all alisles are
pragent @ Wal-resoned

Peaks beioay threshoid, or aleles
missing ar not vel-rescived

Remove iadder - reanalyze
If 3F are bac, repest O run (discuss
win nstrucion

A 5pie & preset, In choes
prozimity b0 36 allele bt has not
affected ke assignment

Laer may be w=ed

A splie &5 prezent, In closs
prosdmity bo an allele and do2s
afmect=d alisie assignment

Remuoe ladder - reanalyze
If 3F are bad, consut SUpEndEaT, you
may b= alie 1o use anoler ladder

Virtual Alleles what are they?

roww | “Jf I .

= Mot all known alleles are present in ladder

= The software has sizes programmed in for
known alleles that are not in the ladder

= You will get aliele calls for these “virtual
alleles”

= |f your peak does not correspond to virual
alleles or represented ladder alleles

— You get an OL allele call
= Waybe 3 varantor 2 slzing emar you have o determing
which it s
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Discrete Alleles

B Amplification of STRs produce allsles of discrete
sizes

B Discrete sized allzles allow for the construction of
aletic ladders containing fragments of known
{common) alleles at 3 given locus

Allelic ladders permit simplified interpretation of
resuits

B Multiplexing 2TH loci offers unlimited potential for a
highly discriminatory test for human identfication

Wirtnal Alleles

Off-Ladder Alleles

B Allzles detected that ars not present in the ladder
B Spmetimes called varant alleles

Off-ladder alleles sometimes result whan thers are
migration differences betwesen alleles injaction to
injection; this can be corrected by sizing with the
allelic ladder closest to the sample in the run

u [f the off-ladder is reanalyzed but still not labeled, the
sample must be repeated on ancther CE rum or
second amplification to show reproducibility
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Off-Ladder Alleles (continued)

If off-tadder allzlz is reproducible, it will ba used for
interpretation and designated as follows:
Off-ladder alleles within the ladder
— Designated with #repeais. bases of partia’ repeat

= Exampies al O21; 3 28.2 has 29 repeals + 7 addfional bases
® Off-ladder alleles outside the ladder
— Alleles are shorter than the shortest aBzle in the ladder
— Alleles are longer than the longest alleis in the ladder
— Designated as <shomest allels OF =largest allelz

= Exampie al FEA; eliher 3 <15 or @ »30 woukl be poesbie
Allelic ladders for real off-ladder allzles will be
reguired in the case file and must ba from the sams
run as the sampls

Negative Controls
Kit negatrves, reagent blanks and LIZ standard

= Select negative controls in display plot

= Zoom the Y axis to approximately 100
rfus

m If the presence of contamination is
determined in negative control samples,
evaluate all samples. A contamination
investigation must be initiated

I EVE B o e “If ke

Positive Controls
Amplification positives

= The alleles of the Positive amplification
control alleles should be checked
against established values
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Negative Controls

Eit negatives, reagent blanks and LIZ standard

IF...

THEN....

Mo alleiss ars present

Conirols are aucepiatle, proceed

Therz ae polentid Jleles
abowe threshoid

© peaks 3l witn 3 bin. ang are nol
artifacts, T2 control |s uraccepiatie.
Azgess If r2-s2tp, ra-rjecton & reqursn

Afar re-injection potentlal Corol |s unaccepiable. Motfy supenisor
dligles remaln and Re-s2tup 3l samples associaad win
mal bk
A re-sefup ang r-niection | Condols &rE sooepeanls, proceed
pareniial alizies no onger
r2man
B RRGRRRP= ==~ =g rraipsa o Lt ey e

Positive Controls

Extraction and Amplification positives

...

THEH.

Pedt heights are aoove threshoid
s

Fragment 6izes are a5i3bllshad
walues

Coinais are accepiable, procesd

Peaus are below threshokd Mus of
Improper Jele calls ane maKe

«Posllive confrol peak signas ae
unatceptabiz
—Rpesi Laing onger injsction e
~=The entine amoificalion wi nesd
{0 be repeaied
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Sample Assessment

m After controis are deemed okay and
recordad:
— Asszess for potential arifact peaks

— Mote Sample description (single source,
mixture, degraded, allele dropoust)

— Note off scale peaks

I EVE B e

— Assess samples for potential re-runs

Using the PQVs

= Once analysis is complete, the
genotypes table is now accessible
to the analyst

u This table contains PQVYs that may
indicate potential prablems with

analysis

-08, LPH, PHR. B0, AN, ADC, GG, CC. BIN.,

-B0 and G0 ara aspecialiy usatul in quick examinaton of Gdder quallly

-if the BD or G4 are nal Tor @ fdder, examine the tause of ks Be
extramely caUTous JNUEing a ladoer win & B0 yeliow 30, Bmay [ead
to inzamect typing

¥
!
:
L
:

Printing Plots

= When printing evidence and control
samples — Select Plot Setting: Casework

= When printing allelic ladders — Seiect
Plot Sefting: Allele Calls

= Zoom X axis to ~70-455 bp
= Print all plots

Ewvery bma a sample Is added 0 3 project that has been anayzed,
the software may tink the sampie |5 rom anolner run, iherafare
requiring s own lagders. If you et cut @ sample, delste the
sample fies and add o 3 blank project

wou will nesd fo account for Inis when in post-amp and checking
¥our run

Have a lot of *OL" alleles?
= Did you add your samples to an already
established project?
[}
=5

= Do you have the Bins set up in your
] Allele Tab of your Analysis Parameter?

om0 e 1 b e e e

] PQVs

= Remember the PQVs are there for
general guides of potential problems
"= Do not use them to avoid analyzing your
B samples
= These are review with hopes that it
would quickly identify problems for
immediate re-injection and/or re-amp

= Under File > Export Combined Table
> Select One Line Per Sample — name
table with run name and analyst initials

= Export to appropriate folder Click
Export Combined Table tab

] Printing Tables
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Saving & Reporting GMID Project

= File > Save pro}ect
= Export project
— Tools = GeneMapper Manger; Projects tah;
=Export {* ser)

I EOE B e e

e B T b ol o 1ot 1 e i L o s S e
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ERor wa

Exporting/Tmporting previous
analyzed projects

= Moving Projects to a different computer

= Project files will be named .ser

= GeneMapper Manager—Click on
Project tab—Highlight project to be
moved—Export— Export to appropriate
location

= Import—Go to the appropriate location

BE  of serfile— Import
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Appendix 5: Capillary Electrophoresis Examination:

ﬁ UNIVERSITYATALBANY  Northeast Regional Forensic Institute

Srage University of Mew York

Capillary Electrophoresits Workshop
Final Exam

MName Date:

Amswer the following short answer questions. (20 points total — 2 pomts each unless otherwise
noted}

1. What 15 the name of the process that describes how the DINA enters the capillary?
a. Sample Stacking
k. Elecirokinenc Inpection
¢. Electro-osmotic Flow (EQF)
d. None of the above

2. Which of the following helps keep DNA denamred:
a. Urea
b. Z-pyrrolinone
c. Formamide
d. Al of the above

3. The migration of the DINA through the polymer is primarily based on fragment size since if has:
g. Many A-T base pair sequences
b. A constant charge-to-mass ratio
. A wvariable charge-to-mass rato
d. A high salt concentration in the sample solufion

4. Whch of the followmg should be performed at least on a weskly basis?
z. Change the buffer
b. Change the capillary
c: Re-align the laser
d. Change the polymer

5. Which of the following is performed on an “as needed” basis on the 3130zl
2. Speciral calibration
b. Spatial calibration

c. POP-4 change
d. Buffer change

(1)
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UNIVERSITY ATA]_BANY Northeast Regional Forensic Institute

e Stare University of Mew York

6. What are the components that are added to the master mix when loading Identifiler samples onto
the CE?
a. RONand LIZ
k. Formamide and LIZ
¢. Formamude and ROX
d. Identifiler Ladder and Formannde

7. What 13 a function of the formamide during capillary elecrophoresis?
a. Keep the DNA denatured

b. Provide an mtemal size standard for each of the samples
. Dilute the salts in the sample soluticn

d. Bothaandc

& What are the DNA fragments within a sample compared to when determining their base pair

sizes?
a. ROX or LIZ
L. Allelic ladder
c. Formamide
d. Buffer
9. What are the DNA fragments within a sample compared to when determining their allele
designations?
a. ROX or LIZ

. Allelic ladder
¢. Formamide
d. Buffer

()
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UNIVERSITYAT ALB ANY Northeast Regional Forensic Institute

A Srage Univeesivy of Mew York

Questions 10 and 11 refer to the following electropherograms

* Samples Plot
Ebe Edt Wew [rok alkles Heb

Pt toting o CemincBotnte w0 peescl ] (W] W (BT WEE m=
Rl ek dhsa il L
Asaphs Bl - Tanad ips [od 5Q
T AL ey T i | W W =
I;Elﬂl- = ] = ==
= "
'i —— P AP T ey T ) i ek

19 AL AN T FETRLARE Foolm Phu_TIHE ¥ T ]

HEA_ B O A K e TATILANE P Phu_TUBSE vl " E
Vi i T s e
i I
i |
=i F
- i i il
TR K W o3

10. What 15 the white arrow poming to?
3. Spike
b. Pull-up
c. PCR artifact
d A
11. What are the black amows pomnting ta?
a. Spike
b. Pull-up
c. PCE arnfact
d.

-A

4
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UNIVERSITY ATA]_BANY Northeast Regional Forensic Institute

A Srage Univeesivy of Mew York

12. The following can be used to help moniter the precision of a mn-

a. 150bp ROX
b. 200bp ROX
c. 300bpROX
d. 250 bp ROX

13, Why 1s it important that the DNA remain in single strand conformation during electrophoresis?

2. Beter resclution

. Better mnteraction with the POP-4
c. Lesz —A will ocour

d. Bothaandb

e. Bothaandc

14. What term best describes the process where DINA fragments from the sample become collected
1 the beginming of the capillary in a sharp band, before being separated, due to the mcreased
1onic strength of the buffer inside the capillary.

z. Electrokmefic injection

k. Sample Stacking

¢. Constant charge-to-mass ratio
d. None of the above

15. What calibranion on the 3130x1 allows the mstnument to map the area of each capillary onto the
camera (in other words, it tells the camera from which capillary the fluorescent s1gnal is coming

from)?
a. Matrix
b. Spectral
c. Autesampler cahbration
d. Spatial

16. What allows the CE mstnument to correct for the overlap in the fluorescence emission spectra of
the dyes?

Matrix

Spectral

Spatial

Bothaandb

Bothaandc

P punogm

17. What phenomenon could vou see if the mamix or spectral calibration is not working properly?
a. —A
b. Smitter
c. Peak shoulder
d. Pull-up

|:'\'\

=4
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18. What sizing method does Genemapper® ID use to size peaks?
Local Southem

Global Southem

Cubic Spline

2% Order least squares

[l E =

19, Usmg the fellowing numbered steps, what i3 the correct order of events that eccur on the
capillary electrophoresis instrument?

1 — Sample stacking into a precize. focused band

2 - DNA fragments separated by size nsing the polviner m the capillary

3 - Emnssions of the fluorescent tags are captured by the CCD camera

4 - Lazer excitation at the capillary window

5 - Sample mjected mto capillary

a. 2-4-3-1-3
b 5-1-2-43
c. 1-5-3-4-2
d: 3-4-3-1-1
20. Review the following GeneMapper™ ID image. What common PCE occurrence is the amow
poining to?
. Stutter
b A
c. Dwe artifact
d. Spike

(&)
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ﬁ UNIVERSITYATALBANY  Northeast Regional Forensic Institute

State Un'.'.'unil.'f' aof Mew York

21.(18 points) On the diagram below of the 3130, identify the following parts:
Detection cell block

Buffer and water reservoirs

Amnode buffer reservorr

Pump block

Lower pump block

COven

Antosampler

Polymer delivery pump (PDF)

Capillary amay

FrEm el penoon o

1

: l =
=] Nk
e =N
Qe E

(18)
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ﬁ UNIVERSITYAT ALB ANY Northeast Regional Forensic Institute
)

Srage University of Mew York

22 What factor 15 the electrokinetic mjection dependent on?
2. Iomw strength of the sample
b. Tome strength of the buffer within the capillary
c. Bothaandb
d. Neitheranorb

23. What does the Local Southem Method nse to determine the peak sizes in a DNA sample?
2. 2 peaks above and 2 peaks below the fragment of interest
b. 2 peaks above and 1 peak below the frazment of interest
c. 1peak above and 2 peaks below the fragment of interest
d. 1 peak on either side of the fragment of interest

24. What 13 the most likely reason for the <12 allale present in the first blue locus on the

electropherogram below?
A trie off-ladder allele

A
Stutter
Puall-up

o m

Z-Lamplos Plot
B EIF dma Inan dheas bel

(5)
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25, Why 13 1t important to have a low salt concemranon n your sample selution?
Less competition for the DIVA molecules upon mjection mfo the capillary
To lessen the possibility of hypertension in the instroment

It 1s important for sample stacking

Bothaandb

Bothaande

o T8

26. Which of the followmg deseribe the capillanies used on the 3130x] for forensic purposes. as
they are received from the mamuafacturer? Circle all that apply (4 pts).

47 cmon total length

36 cm from the inlet fo the detection window

Made of fused silica

Coated on the mside

Polymmde on the cutside for added stability

R

(3]
—

. What does the “4" stand for in POP-47
g. 4% concentration of polyvacrylmide
b. 4% modification of the formula
¢. Concenmation of urea
d. None of the above

22. DNA mugrates toward the:
a. Cathode
b. Anode
c. Negative electrode
d. Bothaandc

20 Which of the following describes the methed of measuring the difference in the excitation
and emission specira of the flucrescent tags on the DNA fragments?
a. Electrokimetic mjection
b. Sample Stacking
c. Stokes Shift
d. Multi-component analysis

30. What temperature i3 the electrophoresis mmn at?

a. 50°C
b, 35°C
c. 60°C
d. 65°C

31. What data 15 along the left side of the electropherogram
a. BRelative fluorescent units
k. Data pomts
c. Scan points
d. Base pair size (16}

Page Bof &
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BONUS QUESTION:

What does the acronym LASEF. stand for? (3)
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Appendix 6: Capillary Electrophoresis Course Evaluations with Feedback

JEY UNIVERSITYATALBANY

A State L-11|\=:r:~'i|}' af New York

CAPILLARY ELECTROPHORESIS & DATA ANALYSIS
Jan. 11-15 & 8, 2010

Attendee Course Evaluation

Please fill out this evaluation form. Rate each of the aspects of this course by circling the appropriate
number. Comment as appropriate.

Course Qverall

Baar Excellent | CommentsiSuggestions
Geared towards a less experienced crowd — could be translated for the audience. Examples and
A 1 2 3 4 9 software tme were great. we coud hawve moved fasier
ar 33%

Speaker; Lucy Davis

Foor Exeslent | Comments/Suggestions
Lectunes cowid be more focused
5|1 & 2 4 8
Wk 1IN 3%

Speaker. Jamie Belrose

Foor Excellent | Comments/Suggestions
Great pace and comfortable with material
D1 2 3 4 5
3% 6%
Cuiality of Audio-Visual
Foor Excallent | Comments/Suggestions

E|l1 2 a3 4 &

86% 3%

Quality of Handouts

Foaor Excgllent | CommentsiSuggestions

Fl1 2 3 & 3

50% 0%
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Facilities
Foor Excellent | Comments/Suggestions
Was nice having it at cur own lab. Did not take away from work for 3 week.
G|l1 2 3 3
40%

Please Comment On:

Did the material FIFESEI"ItEd meet your professional expectations?
Yes-6

What topic or topics did you find most useful to you?
Panels and settings, how they were set for lab a'ready.

Practice with determining varous artfacts

Theory [ background leciures were great

Trouble-shooting, intro to GMID-X

All of it

Theory and interpretation

Would you recommend this course to other scientists?

Absolutety
Yes-5

General comments:

Thank you

Thanks for your time and experise — the lzctures were great!

| fzel | rea'ly leamned a lot The class helped clarify & kot of things | “thought™ | knew. | am no longer afraid of the software. Thank you!
The simu'ated data sets were wery good for practce

Suggestions for future classes:
PCR
Consider shortening o 2 or 3.5 days.

Thank you for your input!
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JE) UNIVERSITYATALBANY

all Stare University of New York

CAPILLARY ELECTROPHORESIS & DATA ANALYSIS

Jan. 25-29, 2010

Attendee Course Evaluation

Flease fill out this evaluation form. Rate each of the aspects of this course by circling the appropriate
number. Comment as appropriate.

Course Overall

Poar Excelient | Comments/Suggestions
Mare nands-on wiEn 3120x1; 1286 Bme devated to GMID
A 1 2 3 4 g & lot of very LEeful Information, very well executed.
; Tt TE% wery Informative and enjoyabie. Fiexible encugh to accommogzats difersnt backgrounds
| i=amed mare In Mis ci355 than | expactes b,
Speaker; Lucy Davis
Poar Excelient | CommentsiSuggestons
wary goad leciurer, made i very Inseresting.
4 5 Bulizs good rapport wah shudents, fexibiz and imeractive.
B 1 2 3 4 ery knowieogeabis as well 35 fiendy
1% E3% Made course adjustments based on naeds of ihe students. Presented the material wel
\ary Knowiengeatds and patient Resouncatul and very well S0oken.
Speaker: Jamie Belrose
Boar Excetent | Comments/Suggestons
STy Wel ¥STEED 3ND KNSw and UnderEiaos the chemEy.
Feally heipad me undzrstand the how's and why's of £55 and Instrumert.
= wary knowieogealés of ihe course malenals. Pressnisd Me matsral wery wel
o1 2 2 4 5 e
1% 1% 3% Top notch Instructor and wery hbalpsul
Exramely knowledgeatle and focused. Answered questions clearly and morughty
wary gead Inssructar, abla to sxpialn complicatad concapts vary well
Cluality of Audio-Visual
Poar Excelient | Commenis/Suggestons
The pressntations wers wery wel arganizad, | rzally enjoyed the noles, very hanugh,
EI| 1 3 3 4 ] Dwemaads wars vary neiphll and aded in te prasentabion of matzrial
= 13%  B8% | Made it really szsy b foliow along.
CQuality of Handouts
Poar Excelient [ Comments/Suggestions
= Kade i really ezsy ta follow along 3nd 10 6rve 35 3 referance SoUrse.
Fl1 2 3 & 2
13% E&%
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Continued on back

Facilities
Poar Excelent | Comments/Suggestions
Easy accaes (o all amenlhiles.
cl1 =2 a1 4 5 Campus was beauteul; | had enough spacs te work,
|w E3%

Please Comment On:

Did the material presented meet your professional expectations?

YER 3

Yes, Twas a Wery gl:l:I[l revlew of rnr.ralrlng a5 well as more detalled In the areas | had lssues with.

It exveaded m}'EJICpECdE'.I-EHE. Unilliez ntner'mrtsh{:ps. {rere was 3 ot ufexplanatlur harz and I'mi 'NEI'UHE I:LII:TEEIIng llke | know 3 kot mare.
2ersonally, | expect2d more nands-on With the 31300, Howsaver, | did benefl greally from ihe topics discussed.

Yeg, vary helplut 2

fes. I explained ine overall process well and the Insinuciors explalned things completely and Tully.

What topic or topics did you find most useful to you?
AT-PCR3

CE /3130 ! Blectrophoresis theony: 5

GMID: 1

Eaplarauur' of local southearn methad and how software alows UE bo Irﬂerpret data.
AEB much as | disliks theory, It was egucational and Interesting.

Quanifler and qPCR lecture helped me a lot too,

Hands-on In lat and soffware.

Sample stacking ard splies.

Would you recommend this course to other scientists?

Yes: 5

.“.DECILI‘IEI)'. I | was not em Flmd I'd take the 4-monih courss.

Absoiutely — even the mast experiencad analysts would leam 50 much valuabie Information.

Yes! EEpEI:IEI}' newtles that have lImited experlenl:e. [11llls In 3l the blank EpOiE |&ft quer from sRe SFEI:H'II: '.ralrlng.
Yes Indesd.

General comments:

Wery satlsfed.

| appraciate fhe sducation opporiunity that you proviged for me. Thank yow. Hope you find more grant maney. | think this program provides a benefical
niche In the fleld of THA.

Jamle and Lucy are both 50 knowledgeable and did a great job of explaining evenyning.

Thank you for shasing your weakh of knowledge.

Lecturas an fhe CE and 3130 very Nipful. gRTR I2ciUre Was 3 Donus.

| appraciate ihe opportunity o taks part In the fralning - it was graat.

| found the class 1o be very hedpful. | feel more confident on the subjsct of CE. Thank you.

Suggestions for future classes:

Have Itin the spring!

More hands-on dme with 31.30%1

Instruction and practice wih GMID-IDX

“ETE‘E a ciass an |I'I'.EI'|:‘|'EI.31|I:ﬂ DTEP:IITIF‘E: mixburas.

1 h{:pE"‘lS course Wil be able to continue - wary valuable o new analys'.s llee I'I"g'!‘Elr + o EIFEHEI"DEEI analsyst. The EI‘pEI'I-EI'l[:Ed analysts statad that
'.T'Ej' leamed a lof of valuable Information.

Mayb= first day of compuier work, Lucy or Jamle can have us Tollowing along with our lapiops.

Do asim SEIZ“:IQE‘“‘EI' and then Separate.

Thank you for your input!
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JEY UNIVERSITYATALBANY

State L-11|\=:r:~'i1}' af New York

CAPILLARY ELECTROPHORESIS & DATA ANALYSIS

Feb. 8-12, 2010

Attendee Course Evaluation

Please fill out this evaluation form. Rate each of the aspects of this course by circling the appropriate
number. Comment as appropriate.

Course Qverall

Paor Excellent | CommentsiSuggestions
Very specific and would highly recommand this courss to forensic biologist.
A 1 2 3 a Very thorough and informative
50% 505 Very informatve about theonyipractices. In degth coverage and detzil.
Speaker: LUCY Davis
Foor Exeslent | Comments/Suggestions
MNA — death in family
BE|l1 2 3 4 ]
Speaker. Jamie Belrose
Foor Exeeilent | CommentsiSuggestions
Clzar and well spoken. Sufficiently answersd al’ questions
D|1 2 3 4 5 |Suen
0% 0%
Cuiality of Audio-Visual
Foor Excallent | Comments/Suggestions
Rizh in mformation, very complete with detail specific to prnciples and appbcations; really enoyed
E 1 2 3 5 Jeopardy!
13% A0 5%, Chzar and new views of old matera’ provided a nice change of pace.
Quarity of Handouts
Foor Exezilent | CommentsiSuggestons
Followed audiofvisua’s well.
F 1 2 3 4 3 Small font en slides makes & hard o read on handout.
5% I8 50%
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Facilities

Foor Excellent | Comments/Suggestions

G| 1 2 3 4 3

Please Comment On:

Did the material FIFESEI"ItEd meet your professmnal expectatlc-ns?
Exceeded expeciations.

Wes, it touched up on many of our practices used in the lab.

e —4

Yes, the informaticn presented was very detailed and nformative

What 1OPIC ar tOpICS did you find most useful to YOI.I?

Electrophoresis and CE theory

The theory behind 3120 (capillary eleciropheresis)

;'e dgﬂ:ailed information that is more specfic than Buter's book & mors forensic application focused than AB|
uantirer

Theory and concepis of instrumentation and procedures

All topics were helpful.

Theory. applications, and Jeopardy?

Would you recommend this course to other scientists?
Absolutety.
ez -6

General comments:

Good content. The Jeopardy game was fun and helped me o lsam.

Thank you for the on-site visit.

Very clear. Informnational and concise.

| wou'd ke to have this course agan, at least for review. But | enjoyed th's very much.

Suggestions for future classes:
Mone. This was very fun, interactive, and infarmative.

Thank you for your input!
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Appendix 7: RT-PCR Course Information:

GIVEN BY: NORTHEAST REGICHNAL FORENEIC INSTITUTE
HOSTED BY: WESTCHESTER C0O. CRIME LABORATORY
FUNDED BY. THE NATIONAL INSTITUTE OF JUSTICE

~ funding covers course instrustion enly

JANUARY & — B, 2010; SPACES ARE LIMITED!

Instructors: Bruce MeCord, PhLD., Lucy A. Davis, & Jamie L. Belrose

CoURsE DESCRIPTION

This 2.5 day course is desiznad to provide the theoretical and practcal back ground necassary to perform quantitanve PCE. and
data analvsis. Today’s advanced technologies have lad to an exponential mumber of cases being submitted to crime Lzbs for DRA
testing. For these techniques to be successful, it is noperative that biclegical evidence be analvzed and interprated effectively
Thoze already using RT-PCR are welcome ro anend the ene-day advanced lecrure by Dr. Bruce MeCord

INTRODUCTORY LECTURE
WepnESDAT, JANuARY G, 12:30 — 4:00,m: NERFI
¢  Theory of Polymerase Chain Feaction (PCE)
¢ Why Quantitate DIATT? FBI QAS Standard 2.4 (effective: 7.1.2008)
¢ Several Methods of Quantitation (Yield Gels, Specrophotometry, UV-Vis, & Sybr Green)
«  How the amount of input DN A can‘will impact PCER - adding too much ar too littla. ..
# Theory of Feal-Time PCE
¢ Advantazes of Quanfitative PCE
¢  Fluorescent Detection (Stokes Shiff)

THuRsoAT, January 7, B:00am — 4:00pm: HNERFI
¢ Eits from Applied Biosystems: Quantifiler™ Human, Quantifiler™ ¥V Human Mals & Quantifiler® Duo
#  Tagman® Probes & 5° Nuclease Activiry
Fluorescence Fesonant Energy Transfer (FEET)
Instruzent Optics (Tungsten Lamp, Virmal Filters & Charged-Coupled Device Camera)
Definitions: Threshold, Cycle Threshold, Intemal PCE Conmel, Slope, Y-intercept, & Correlation Coefficient
AE 7500 Svstem Sequence Detection Software (5D5) v1.2.3 and HID Feal-time PCE Apalysis Sofware v1.0
»  Absolute Quantfication (Srandard Curve)
Troubleshooting outlier standards & changes in slope and Y-intercep:
¢ FReview of major concepts
¢ Dultple choice exam and tsswance of compledon cemificates.

ADVAMCED LECTURE
FriDAY, JANUARY 8, 8:00AM - 4:00rM: McCoRD
¢  Dinlticopy methods for real ime detection — Sybr Green, Flaxor
#  The idber -male and other interesting issues with ¥ STRs
»  How BT-PCE could be nsed o evaluate and dacide whether to conduct sutosomal vs. Y 3TRs
»  Cautionary notes

¢ Low copy mumber and real time PCE.

¢ Application of realdma PCE. for setfing lzboratory thrasholds

*  Precision vs. Accuracy, vartability with standards, and how labs might incorperate the use of 3RMs.

# Validation issues

¢ Inlibifion aud mechanizms of how inhibiton ocours (cansatve factors) and hew to possibly overcome this dilemrma.
#« IPC Ct for detecting imhibidon

» Efficiency/shape of the amplification plot for detecting mhibidon
Application of DINA melt curves for mhibition detection

¢  How BT-PCE could be nsed for screening samples for probative valus

¢ DNlethods to detect DRA degradation by real tme PCR

#  Short answer exam and issuance of completion certficates.
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Appendix 8: RT-PCR Introductory Presentation

Real-Time PCR
MERFI ¢ ML
Presentad by: Jarme L Belrose, Lucy A Davis
Craated by: MERFI Staff

T s e e e

Purpose of Quantitation

= Wide range of amounts of OMNA at crime scene
= Inhibition of samples by sither subsirate or sample iself
= Marrow tolerance of PCR sysiems input DHA

— 1 =2 ng DA typical Idertiier manuzl specifies
" OE-125ng
— Too Ml < dropous of INfOMEon. Unequa: amplimeation of
fargat alzizs
— Too much -+ generation of ariifacts, inhibitlon of alleles

= 5 the OMNA human?

Purpose of Human-Specific
DNA Quantitation

= Al sourpes of DA are exiracted when blcloglcal evidence from 3

CAME ECENE IS Drocessan (o isniate tha DNA prasent.

= Thas, non-numan ONA such 3s bacteral, Tungal, plant, or anlmal

material may algo be present in the total DNA recavered from the
EaMpia Fang wan the relzvant human DA of Interasl

= For this reasan., the FBl GAS Standard 5.3 (3.4 in 7103 revissd

standards) raquires numaﬂ-ai'}:niﬂc D& quantitation sohat
appropriate svels of human DA can be inciucad In the subsegquent
FCR ampincation.

«  Mulbipiex 5TR typing works bast with a fairly narrow rangs of

RUMEn CHA — typacaty 0.5 bo 125 ng of siput DNA works BEstasn
commerclal ST ki

Impact of DNA
Amount into PCR

‘i generaily shoatfor 052 gl 10 W

TR

. Lli= i@ 4o

i

. 190

§ 000 3 23

i & I:I;g»hempllr.g femplate =

s poon] CO3s

i 000 | zpg J ‘} .
faccill 2 npiemplasz =, 1.0, E =

A mipganes et ‘=mziate [T

UV/Spectrophotometer

Variable wavelength
light source
260nm DNA
270nm phenal L"E‘e "@E @‘
280nm protein
Absorbance detection '::} l._:’

Can deremune qualicy and quantity of DINA

Car'tgetemmine i numan DEA

UV Methodology

Run calibration

: Wi Galibration Gurce

standards
Prepare calibration 2 b
curve I .-’/
Measure unknown E:’; . = 1M1
250nm E Iy
Compare to curve L

PP

Mictearmms of
11
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UV Spectroscopy Ratios

« Abs 2804260 = >1.8 protein
contamination
« Abs 2701260 = = 1.2 phenol
contamination
Disadvantages of UV

Quantitation

» Meeds [ots of DNA at least 250ng.
= Mot human specific
« Mo information on quality of DNA

Yield Gel Apparatus

137

Advantages of UV Quantitation

= Quick
» Accurate if have clean solutions.

» Assessment of phenol or protein
contamination

Yield Gel Quantitation

« Agarose gel electrophoresis
* 1% agarose with ethidium bromide.
= Tx TAE buffer

« DMA phosphate backbone negatively
charged

Yield Gel continued

= ~200% for & min applied across gel

= DMA travels toward positive anode

+ Large fragments move slowast — sieving of
agarose gel.

= Ethidium bromide intercallates with deouble
stranded DMNA.
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Yield Gel Detection

* The more molecules of DNA — the more
Ethidium bromide you have associated with the
DA band.

* Compare intensity of band with standard bands

* High Motecular weight DNA i quantitated.
Degraded DMA shows up as sireak.

* Mot human specific — viral and bacterial DNA
locks the same as human

* Standards are Lambda DNA, not human DNA

Yield Gel
Advantages
Cluick and Easyl
* Low cost
Consumes little sample
Sensitive to approx. 1 ng of DNA
» Maasures quality of DNA

Slot Blot Quantitation
Hybridization Based Assay using

Human Specific DNA probes
= QuantiBlot® Human DMA Quantitation System
Detection methods:

Colorimetric with bictinylated oligonucleotide
labeled probes with streptavidin-horse radish
peroxidase conjugate, color substrates
Chemiluminescently with bictinylated
oligonucleotide labeled probes with streptavidin-
horse radish paroxidase conjugate, light-emitting
substrate

138

Yield Gel Results

Slot Blot Procedure

= Denature DRA

= Transfer DMA to charged nylon membrane

+ Hybridize primate specific biotinylated
probe

= Add HRP-SA conjugate

= Detection
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Membrane Development
O |

Slot Blot Advantages

= Consumes little sample

= Warks on single stranded and double
stranded DNA

= Human specific

« Accurate with degraded DNA to a point

Real Time PCR

Quantitation
gPCR

Slot Blot Results

A

0 — -
kB

S — — — —

b — - —

[ T, - —

Y S b —

Y '

o o

Disadvantages of Slot Blot
Detection
» Time consuming

= Mo indication of DMNA quality
« Expensive (cheaper than real time PCR)

+ Technique dependent
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Real Time PCR
Advantages

+ Automated

+ Very sensitive and wide dynamic range
0.023 ng to 50 ng/pl

+ Evaluates inhibition

= Yery reliable and robust

= Minimal sample handling and setup
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History

+ RT-PCR [gPCR)
- Developed by Higushl In 1592
- Used a modifizd thamal sysier with & UV delector and & CC0
Camera
- Etnidium bromide was used as intercalating reporier —+ 56
[@sDMA] Increased Tonesrencs Increased
First paper an gPCR:
- Higuchl, R; Focker, C. Colinger, G.; Watsan, R. *Kingtic FCR
analysls: rea-tme monlicring of DNA ampification reactions”
Blotechnoiogy (NY). 1993 S2p;11{0)1026-20

« Waming RT-PCR alsc means raverss tranacripiase PCR which
I3 ugad whan warking with RM&. Soreal-time PCR I oien
abbraviated qRCR (quantitativa)

PCR Phases

™ mOrE ECrease i
product Foor replcstion

Fhgde I TR haman of resuils

Ideal portion for

gFGR. Good replicalion,
Emponenital ircnease in
Procuct aach Cpoie. s,

o :
SLecing out of matsralt
2t producieg more um-m.:llnnl

rot axponsntis and pear -
resdcation of resufs

Detecting Fluorescence

Four requirsd components
— 1) ExcEation Source —

— Tusgpsan-Feaka g Bmd 1 Apobod B e TORMT R0 et
i

= Argon s in Ao Bosystems 7900 real e insinras
2} Fluorophore (fucrescent masoule)
= FhiG s dyis fom Aapied Bl s
— 3} Waveienglh Nkare
- Saparst entescd Bom actalcn pholons
— Estramaly beporant for comes! detectian kevaks of S Muosophan of
ekl

— 4} Desactor
= O e ol ki) s detaciu signah piopanonl io
iy mm% Linaitg, SAphs T0% af nﬁ"dwlu-ﬂr.mm
o 2% wih phitographc canem

= Dot amision photees
— Ratords cantad as & Sgnal waiue o phalogiaph
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PCR Amplification
- What is PCR?

= Polymerase Chain Reaction
— Usss iemplaie ONA, obigonucietide primars.

gelynUCiEatie Nphaspnates (MNTFE), & thermastanie
DA palymerase 1o reghicate sefected ragans of DMNA

- Exponential ampification (doubling with each cycls)

r |
Real-Time Quantitative (gPCR)
* What is real-time PCR?
— gPCR works the same way as conventional PCR
with the addiion of fluorescent probes 1o
quantitate DMNA concentration
— Accumulation of product can be monitored with
every oycle = "real-ime”,
* How can we measure the concentration of
DMA in a samale with fluorescence?
— Ta answer this quastion. wes must know some of
the fundamental concepts invobved with
fluorescence and its detection,
n
Fluorescence
- Light of a certain -
wavelergth excites TR T
fluarophoras
» Emission of flucrescent . | e
tight ocours at another, X
higher (longer) E [
wizvelength !
= [if different wavelengths of
bght are used to excte,
intensity of light emitted
will changs . —f i
pdc tergtins Wy Taeme poed o e et S rsln S m o plyee wiy)
n
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Stokes Shift

Dit'erent gyes swcils at syme azveength but emit st d™aceni
waverengths xloaing vz to csEnguish Sam

Srilap Ghift Dapawad

Filters

EaTartizn W e

+ iptical iners o for certan wawvelenglhe of bght o pass thaoughn

whie ooners are blacked

+  Geveral bandpass emission iners are Used In reai-time quantitation
peauss of the mulbipe ove syslem used

Forensic Kits Available

« Applied Biosystems

— Quantifiler™
— Quantifiler™ ¥
— Quantifiler Duo ™
Promega
— Plexor HY ™ _—
o S
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Excitation Source

Ercmatinn Mumre

+ Tungsien-naicgen lamp emns white fgnt with peats 3t vaning
IntefEty 3Croes the elediramagnetic spectrum

+ Fiiers needed o Isciais the wavelenging of Interest

Multiple-Dye Detection

Pladinple-Thym Dstartinn

+ AIMCUgh Ihe graphis i of cell StEinng, the £ame PGS 1s Sppled
o Marzscently labeling the DMA procusls from qPCR

1]

Cuuantifiler™ Human DNA
Cluantitation Kit
+ Amplicon is 62 bp
= Probe is to Human telomerase reverse

transcriptase gene (NTERT)
chromosome §

- Nontranslated region {im@T
- Diploid & A
iy ﬂ:‘r 1_,"-‘1"":'-.

b
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Applied Biosystems Quantifiler™ Kits
Assay- Two Major Components
« Human Target Specific Assay

FAM labeled probe (autosomal or
Y-chromosome)

« Internal PCR Control (IPC)
VIC labeled probe

10,000 copies/rxn of synthetic
non-human template

Inhibitor Detection

Passive Reference Dye

The Quaniifiler kit also includes a passive reference dys
—ROX.

The information gained from including this dye is used to
account for the instrument's shorcomings.

The laser excitation across the 98-well plate is not egual.
This is due to the plate’s square shape and bulb's round
shape. The wells in the middle of the plate recefve mare
exnctation ensrgy than those arcund the cutside.

The RCX information is used to normalize the data for al
wells of the plate.

TagMan® Probe

+ Thne Quantifier™ probe & autosomal speckic and Is complimentary
for @ single copy target within the genome

» The target region Is an ntron wiEnin e human ielomerase revarse

transcriplase gene (hNTERT) on chromosome 5 between the prmers

5 end af the probe contans a fluorescent dye - FAR, known as e

reporter dye

» ¥ end of the probe containg a nan-fluorescent dye, known as the
quencher aye

+ Fend g contang 3 miner groove oinder

o

\-:AM ]
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Dyes used in Quantifiler ™

= FAM — Blue human DNA reporter dye
IPC reporter dye

« ROX — red passive reference dye
— Used in all samples — minimizes pipsting variation
and well to well optical differences.
— Color represented on screen is not necessarily same
as dye - can s=t plots to any color.

Quantifiler™ Kits Use TagMan®
Probe Technology

Primers used to amplify a particular region

Fluorescently lsbeled probe binds to target

= When targst is amplified. probe is hydrolyzed, releasing
the flucrescent tag

= Instrument measures the cycle to cycle changes in

fluorescent signal

CQuantity of fluorescence measured is directly related to
target OMA concentration

How TagMan® Probe
Works

= The probe has a fluocrescent dye attached fo the £ end

(reparter) and a non-fluorescent dye attached to the 2
end [guencher)

= While the reporier and guencher dyes are in doss

proximity to ene anather thers is an ensergy transfer from
the reporter (high energy) to the quencher (low energy),
resulting im no fluorescence

= This phenomenon is called Flugrescent Besonance

Energy Transfer or FRET
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How TagqMan® Probe
Works

= AmoliTag Gold DMA E
Polymerase has ' nuclease £
activity. The & nuclease activity
of the enzyme acts upon fhe =
surface of the tempiats o =
remaove obsiacles downstream d
iof the growing amiplicon that .

k]

may interfere with its generation. i
"Nl
= This coupled with the FRET ==
{Fluorescent Resonanca Energy TOMMIOIA. o~
Transfer) makes it possible to === i
E.Eﬁe-ct PCR ampificaton in real- c—
ime.

How TagMan® Probe
Works

Farword
Py

Qoo
o

4
T

TagMan Probe® i
Minor Groove Binder ™y

e

The Guaniter™. probe s wery short {12-13bp). This alows the PCR
aMpIcon o be wery Small (62bp). Smal ATplcons Mean 3 more erfcent
PCR and & greater chance of guanting degraced DA

The Minor Groove Binder has two addifional roles:

- Firet, & anchars the Emall probe fo the DA, It does this by binding In
the "minor groove.

- Second, It ncreases he anneaing temperature of Me probe. The
probe needs 10 Nave & nigher annealing Iemperatrs Man the primers,
oinerwise Mere would be anrealing and exlension before the proge
gota chance to s doan
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How TagMan® Probe
Works

How TagMan® Probe \Works
e ___1 @ WEE

= ®
i @ Raviisa )

Real-Time PCR Instrument
Fluorescence Detection

The mnstrument directs light into 2ach well using
= Al sysiems Frism TO0D7T 500 — ungsisrr-halogen amp
- Appiied Bicsystems Frism 7500 — argom laser

= The kght passes through ootical adhesive cover (or sirip) an

plate and excites flucrescent dyes in each well.
A systemn of lenses, filters. and a dichroic mirror focuses the
fluorescence into & chargs-coupled device (CCO) camera

= Fluorescence emlssion befween S10nm and 56030 s separated based on
waAveiEngth Ina & predictanty spaced patiern across the COD caman

The instrument contains 505 software that applies
agorithms o the flucrescence detected from the CCD
camera to determine relative fluorescence units (RFL)
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g 13 Aegeresma o of Cpos [te B0 Sy o e

Cycle Threshold

Cycle Threshold (Ct)

» The Threshold is the level of detecton or the point
at which a reaction reaches a fluarescent intensity
above what is considered to be background.

— The Threshold is s=t at 0.2 a5 per Applied Biosystems
— The Threshold ine is =2t in the exponential phase of
the amplfication for the most acourate reading

= The cycle number at which the samples reaches this
threshold level is called the Cycle Threshold {Ct).

The smaller the Ct...
the maore initial template DNA you have

| 5Dng/ul,
Ct=22

I nozang, |7
Ct=34 |

AT T AR HASRAT IR BRRARE AN BERER AR R
b

Summary of TagMan® Probe and
Quantitation

*  Start with a sample containing an unknown
amount of DHA

*  Quantifiler™ kit contains prmers and probe
that will target and attach to the hTERT gene

*  Through the 5' nuclease activity of the
polymerase and FRET, the amount of DMA
template will be detected by the instrument
baszed on the amount of flucrescent emission
after each PCR doubling of the DNA

*  Using software and the standard curve, the
flugrescent emissions are converted o give a
guantity of DMA

=

What is Cy?

| it | el

| 0 e e ik

PR

L: ]

How do we get an actual DNA
concentration?

Standard Curvs: e e

»  Several ¥nown concentratons . e

of OMNA (gtandards ) ane run on
e Bi-well plate aong with t
wour samples and the 'data is
usad to generate & standand
cunve (CTws. log
concentration .

» The fluorescence measured
mom the unknown sampies is
then compared o th's
standard curee and the infial
concentration s interpolated
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Standard Curve

* Made using purified human, mals ODMNA
— Hnown concentration of 200 ng/ul

= Standard is serially difuted (3-fold difference
betwesn each concantration) to give 3
concentrations ranging from S0 ng to 23 pg per ul

* Duplicates of each dilution of standard are added to
analysis plate

* The Ct value for the different concentratons of
standard is determined based on the number of
cycies it takes for the fluorsscence to reach the
threshold

Using standard curve to determine
unknown concentrations

- Standards:
- We inpul concentration of each diution Into the Seguence
Deleclicn Software {303
— C1value for each diulion is maasurad by e nslrument
wnen G?’El?;ﬁ reached wnefe UoresCence Crogeae me
thresncia
= Unknowns:
— Ciwvalue for each unknown ks measured by e Instrument
— Loncantration ls selemmined based on dala Inputhes for
standands:
* ZScftwars compares C2 wakies of sampies io Cf values of
siandarcs

* Softwars iskes inout dats of standard concentrations b
cEtarminge concarirations of sampias -+ quanttes of DA

Examining the Curve

= Slope = steepness of the line

= Slope value {m) indicates amplification
efficiency for the assay
—-3.32 indicates 100% efficiency

— Range of -2.9 — -3.2 conzidered acceptable
for Quantifiler kit
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Standard Curve

= A stardard curve is
v palems formed by plotting the
103= m e log of the known
£ ILDES ngu - concentration of
, g standards sgainst the
52 nghul Ctvalue for that
e e o conceniration
» 556 mgi
IET gl
+ SO mapipl

Example

0.82 ng of DNA
would have a Ct
walue of 29

Examining the Standard Curve

Cy= m[log{Qty|]+ b
— Why use log? Answer: to obtain a straight line
— mis the slape
— bis the y intercept
— Gty is the guandity of starting D&

Examining the Curve

= Y-Intercept indicates the expected Ct value for a sampis with

a quandity of Tng'ul

— bacause knglonc = log (1) =0

= For Cuardifiler the Intercent Cf showld be around 26,

@ ¥dmmrcdpt

1]
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Resulting Curve 1

+ Each point is outside the expected
region of the standard curve

« Paints form a honzontal line

Resulting Curve 2
* One or more points lie{s) outside the standard

L]
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Examining the Curve

» R? should be = 0.99 (correlation coefficient)

—‘alue of 1 means curve perfectly fits data points
— =< 098 indicates a problem:

= Task and quaniity entered for wrong detector

= Imcorrect quantity entsred for standards

- Pipetting frouble

= Other issues?

= If you s=e this, don't worry we will figurs it out!

Possible Problem: Wrong
Detector

* Taszk and guantity entersd for IPC detector rather
than Quantifiler™ detector

— The Cuantifiler™ Human detector's Task should be
“Standard” MCT the IPC's Task

arg
Quantity
— appii=a
fowronp

Possible Problem:
Incarrect Qluantity Enfered
= In the diagram on the previcus page, 0.082 was
entered as the value for the outlying standard

» The correct value is 0.62 (circled area would be
expectad area for point)
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Change in Slope

= An acceptabls 5.a|:eof -3.14
An unacceptable slope of -3.80

» Looking at the same Ct value for @ theoretical
sample — let's say 20 — a different quantify of ONA is
calculated based on the different slopes inthe
standard curves

= What does this mean in terms of our dats?

Shepa

.\-

34

T -3

Logiw

Cverestimation

o,

o

Resulting Quant values

o N A et ol
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A L1 7 _g M
= w5 i ae B3
as " ] = Lo
£ 85 = e L
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Downstream |ssues

Log o
» [fthe unaczentable slope was used fo calculate the amount of
sample needed for amplification, the quanity would be
awersstimated to the Jeft of the y-intercept [Underestimated to
right of the y-intercept)

Therefore, less sample and thus less DA would be added for
PCR ampification and allelic dropout is a possi 'T |sample
owerioad if point to the right of the y-intercept = pull

the

up in "‘"quEJ

(3

Underestimation

Change in Y-Intercept

If the slcpe of the standard curve remalns e same, {:u‘ the v-
Insgrzept changes. . (both values Delow are accepiable)

Thig whole cunve shifs

v The same C vakie i23ds bo & different concentration calouiated
+ Can |ead w0 e 53me doWNSITEam e 35 poor slope

Fanee

mm

[=1 \

mw
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Y intercept Effects

EETTTTEY
- iy a3
Isisroays = 35

[

g Dhi]

Y intercept out of range causes

= Could be DMA standard is not at stated
concentration

= Could be inaccurate pipetting

= Could be inaccurate pipettor

= Generally a problem with calibration
standards preparation

Itis a good practice to establish an
acceptable range for Y infercept

Quantifiler™ Kit Components

= Primenfrabs Mix adn imfemal PCR Conlral (IPC)
PCR prmeTs — ong et far hTERT, one et for IPC
saquenca
FAN (Cuaniilier™)and - [PC)laoesd TagMan® probes
= Taghian® ZX Unlversal PCR Master kllx
PCA reagents
ROX-passive reference dye
= DMA slandard
Human make Dka, 200ng'ul

148

Out of Range Slope Causes

= Generally slope Issues are a result of
inaccurate pipetting
— Could be inaccurate pipeting
— Could be inaccurate pipettor
— Could be both!
— Generally a problem with preparation of
calibration standards

* Less likely — something wrong with kit

Putting It All Together

» Let's go back and talk about the kit

_ i
= '-ﬁ é“-- "":q.._-'
. - B P o
2 i -
- i gt sl

5

Internal PCR Control (IPC)

=« In the primer mix

Synthesized DNA strand — sequence
not found in nature

Detects inhibition, instrument
malfunction, or problems with assay
setup

« Warmns of impending PCR and STR
analysis failure




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(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

Internal PCR Control

e

IFL b mccrashal | eFTTT =
i By i of fent
smpln

EEH

|:|III|I A5

s were successiul

Summary of IPC Results

+ Tne fallure of both e zamples and IPC :amg]r‘y maost
Ikety means an Inhibltor was present in etner e sample
t5el or 17 he mazeral froe which Ihe EaTiE WEE Ehen

+ Falure bo Ivad e necessary reagents (L. “Masler M)
woult also lead to these ‘r=guLﬂl'1e5 which do not cross

the CL
. .-’...d*rn.al'r an IPC fallure cauld aizo Indicale an
imstrumaniatian ar 3ssay Setup emar of the presence of ng
_,N.hc"rnbcr.er: with an amplficalion emor In e IPC
. l;fnu are gulckly i2aming, 3 falied IFC s nat 190&5521
Indicative of |ust one l5208 and 3 sanple with & flisd |
ShcUll b2 dliuted and r2-quanttated.

CQuantifiler™ Kits Procedure

= Universal Cycling Parameters
95°C 10 minutes
40 ¢ycles of
=55°C 15 seconds
=50°C 60 seconds
= ABI PRISM™ 7500 5DS

Internal PCR Control

[ ] i s

|| Gn s e e

[T
--nIhm

g g gAlHlp f' R:-n'ﬁilure s' ;'

Quantifiler™ Kits Procedure

+ 12 5pl TagMan® 2 Universal PCR
Reaction Mix

+ 10.5ul Primer/Probe Mix
+ 2pl template

_..—-."F-
¥ ¥
. it | e A

Quantifiler™ Y Human Male
Quantification Kit

« Amplicon 64 bp
= Sex-determining region ¥ gene (SRY)
« Nontranslated region

+ Haploid
—_—
i ] E“." I!- I‘.*""..
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Quantifiler™ Y Human Male
DNA Quantification Kit

Y-chromosome kit useful
tool for samples suspected

of containing male DNA
v Gexual assaul sampies
= Crimie scsne mesuras

» Provioes addtona infomatan far
mixture Irterprezation

+ Provices quant info %ar Y 5TR byping

Cluantifiler™ Y Human Male DNA
Cluantification Kit Conclusions

= Sensitive
Proof of male DNA present on intimate
sample
Offers novel method of mixture
detection

Calibrations

= Why are calibralions of the Instrument recessany™
— Baralee we afe Drocessing marticomponent {miany dyes) data

» Bacugraund calibralion
— Determinzs e amounl of baciground fucrescarcs by
QJE"iarunng the raw spectra genérated from a plate wiif PCR
+ Background eleciranic signal
» Contaminants in ihe sampie ook
+ Plastic consumabies. . & g. plates and caps
+  Pure gye calibralion
- (CoilEcts nd shores speciral data from pure dye stantards
+ Reglons of Inderess (ROH
— Maps Ih2 position of wells o0 Ihe =ample Diock £0 the soflware
can race Increases In fugrescence 10 SPECHe Noivioual wels.

Calibrations

* Raw data is collected between 500 and 660nm.

* Dwring data coflection, the SOS softwars uzes
algerthms to determine the contribution of each
dye.

— The background component {siored in the BG
calibration file) is subtracted from the raw data.

— The informaticn in the pure dye file is used to
determine the contribution of each dye to the
reasured spectrum.

+ WEAELTE SPECITLM = SFAMHDVICH ROK =IBG | +MSE
= LHSE = Qizan Siancard Evor

Calibrations

The MSE indicates how closely the
collective multicomponent spectrum
conforms to the raw data.

— Similar to RZon the standard curve.

— Are the data be collecting along the lines of
what ong would expeci?

Calibrations

Compoarie Spocinam

s 52
compasite
spectum from
B sngie wel




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(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

Calibrations

Normalization of Reporter Signals

* The scfiware normalizes each reporter signal by
dividing it by the fiuorescent signal of the
passive reference dye, ROX.

RO is present at the same concentration in all
wells as part of the master mix.

By normalizing, the software can account for
minor variations in signal caused by pipetting
inaccuracies — thus allowing for more accurate
well-to-well comparisons.
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‘What Is wrong with this nen™

References

= Butler, John M. “Forensic DN Typing™ 2™ Edition
Elssvier Academic Press, 2005,

Applied Biosystems training June -8, 2004,

AR Quantifler Kits Usar's Manual

- www apoliedhiceveteme com

= [nformation also gathered from Power Point slidas
created by Jamie Belrose, Lucy Davis, &ndy Wist, Jacki
Higgins, Kristin Shalling, and Margaret Terrill.

Photos by Andy &

'What Iz wrang Wi Bis one

[T

153



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(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

Appendix 9: Advanced RT-PCR Presentations

A comparison between Plexor
and Quantifiler Duo

Plexor HY Setup

= Plexor probes mult! copy variant CHV (n=10]) at
loous RNUZ on chromasome 17 for sutosomal
orea. amplicon size = 98bp flucrescein.  Detect

at 520 nim) It

» Bacause there are 2 copies of the zutnsomal ‘:
bocus, there is effective equivalence betwesn the i M
nwmber of copies of the sutosomal and the ¥ 17 18
hocus in Plexor/

= Plaxor also probes a multicopy variant CHY (n=20] "F f
at loous TSPY Amplicon size = 133bp - Detect &t ‘\.
550 nm \

= A&ninternal positive controd exists at 610 bp. 20 cuples

amplicon size s 150 bp.  Detect at §10nm
= There is a internal reference IC3

88
Syutem

Fillasy

Bpeeimam
(i

Eddunimn
Sipactra

Furs ym

Figure 1-7  Example of s smisson spaciun

Flewor ywirs maruysl
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Introduction

+ Cuantifiler Duo (ABI) and Plexor HY[Promega) are two
approaches to the analysis of DMA mixtures

Both are gPCR kits that determine the ralative difference
between male and famale DHA

= Quantfiler duo is 2 Tagman based aszay that contains a ¥
profbe, an autosomal probe and a control

+ Plexor is a multilocus primer guenching based assay that also
contains a ¥ probe, an autcsomal probe and a control.

The main differences between the two result from copy
number, aflele sae and the isswe of probes vs primers for
defining specificity

Duo Setup

Duo probes o single copy gene . The tarpet
is bocated imthe RFPH1 mere (Ribomuoclesse
F RMA& component HEp on chramosame 14
[Pec=tion: 149112}

1copy sath
= Duoalso probes a the ¥ chromosome 21 #4
SRY hocus with 8 target length of 230 b A
Detect at 323nm iocation: ¥pid ) ;F 1
. I B & N
* The intesmal positive controd slsc has s W 15 ¥ 17 .
I=ngit of 130 bp. Detect st %20 am T " i M
2 o = L.

*  Reu iz adced 2c & passive reference §10 nm z

\
*  Thecemmen iergths perm o3 s conzsant i
resporse bo inhibitian and 8 reasonenie 1 e
CoeTEIstion t0 8 typical minimam sized STE.

Duo Calibration Curve

* 50ngto 23pg single copy

Plexor HY Calibration Curve

LA I
* 50 ngto 3pg multi copy

N [ 0 T 5

[
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Thelly Smadman and Largh Qesriey
Ladipew'ch Cousty Fagonal Foreeslz Sclence Cerviel

An Analysis of Single and
Multicopy Methods for DNA
Analysis by Real Time PCR

Heather Lasalle
Broward Sheriff's Office

Experimental design

+ |nitial experiments involved a cross
comparison of external standards for each kit

= Each kit was calibrated with its specific
standards and then these samples were run
2gein as unknowns to test reproducibility of
the measurement.

* In addition, these standards wers run with
both chemistries.
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Introduction

The goal of this study was to compare results between
Cuantifiler duo and Plaxor H

The hypothesis is that Plasor HY, 3 multicopy system
should produce improved precision at lower levels of
template

= However, it was also expected that the multicopy ¥
estimate for Plewor showld be less precise than the singls
copy Quantifiler duo due to potential mutations affecting
copy number in the genome.

Preparation of Standards

= & set of standards i3 made by serial dilution and run in
duplicate

= The Plexor standards are made from a 30ng/ul pocied
standard. The range is Song/ul, 10ng/ul, 2ng/ul, 0.4ng/ul,
ouddngful, DoEEng/ul and 0.0032ng ul.

= The Duo stendards are made from a 200ng/ul poaled
standard. The renge is Song/ul, 16 Tng/ul, 5.56ng/ul,
1 835ng/ful, D.62ngfy, 0.2 ing//ul, 0.068nz/ul and 0.023ng/ul

= Eoth the Plewor standards and Due standards were run as
unknowns and standards on multiplz runs.
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Precision of Plexor Standards

Pty | P | Mamiieg | A dal
ar - [ na
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s ] L .
= T C = v
= a i =
X ™ i = v
L o ] T =
=2 T T 5 =)
T T =] =] —

Plassr Stardund wass rus in Slpleate on sich pete

Precision of Duo Standards

Results

* Results show good concordance between the
two kits for both the Plexor and Quantifiler
Duo standards at all levels

Precision between the two kits was
comparable with Duo being a little better at
higher concentrations and Plexor better at low
concentrations

Blexor appeared to have & lower LOD as
expected
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Precision of Plexor Standards
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Precision of Duo Standards

=T
;. T ;.. ™ Firskah with sg R
Part two:

\validation tests with NiST standards

= Three MIST standards {#2372) were examined to chack
accuracy and senstivity
— Companent 4 is 3 single source mzle that should
quantitate a5 52.4ng/ul according to MIST.
— Compaonent B i a pooled female sample that should
quantitate a5 53.5ng/ul according to MIST
— Component C iz 3 poofed micture of males and fermales
that should guantitate as 54.3ng/uf according to MIST
Standards were examined directly and also using a serial
difutian.




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(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

Data from NIST standards

Expected | Cuanifler Ayerape Aulni | Averape Aaro!
from Human &g, | Flexcr Y Do ¥
MIET Ressil Aesuil ratio | F=sult rago
EaRMA |54 5182 32 50.53
Ao
Y g2.87 |0.50|58.82 |1.05
@EAME  |h3 A ga82 G0 o7.58
Aano
fzﬂﬁ E MiA MR | MA MiA
ZISMC 1543 7052 41375 3344
Aua
ZEAMC 6225 |0B5 2353 |142
¥

To examine these potential differences with more

precision a seres of dilutions were tested

MIST 5td & single male] usng both Plexor HY and Duo
Standard & was diluted by halves starting with 131 ng/ful
Q5AMA=514
— Dilution values in ngful 13.1, 6.55, 3.275, 16373, DLBLE,
0.40%, 0.204,0.102, 0.051, 0025, 0.042, 0.0064,
0.003.2, 0.0016, 0.0008, 0.0004, and 0.0002
Standard & was run in triplicate with each chemistry

Each diluted samgp’e was amplified with real tme PCR once
with each chemistry

Plot of Experimental vs Actuzl Values

QSRM A (Dus Autosomal vs ¥) Results show similar siope

o - " a

mami medi

W Teecimm e

[t o aln St
Faw
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Results

» The Plaxor HY rasults appear ta show an anomalously low

human quantification refative to the male quant, particularly
for the single source male

The Duo results are more consistent for the single source
male sample but are just as poor as Plewor for the miked
samgle

rasults for thesa high level samples however may suffer from
maccuracy — further tests are needed.

Pict of Experimental vs Actual Values
RIST O5RM & Duo and Plaxor HY
{Duo produces 3 relztively higher estimzze)]

= " 1 1t [ pam asm
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Plot of Exgerimental Quantities versus Actual values for Q5REM &
{Przxor HY -Auto and ¥)
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Pict of Experimentsi versus Theoretiosd Yakues Pizsor vs Due {Autcsamal]
- WIST ORSM &
PlExar trangs KW= mutation in sutcsorssl region for this indivigusiT
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To examine these potertial differences with more
precision a senes of dilutions were fested

MIST Std B {Pocted female) using bath Plexer HY and Duo

= Standard B was diluted by halves starting with £3.4 ngful

O5FRMB =536
— Dilution values inng/ul 13.4, 6.7, 3.35, L.675, 0.E373,
0.418, 0.20%, 0.104, 0052, 0.026, 0UK 3, QUDDES, 0.0032,
0.0015, 00008, 0.0004, 2nd 0.0002
standard B was run in triplicate with each chemistry

Each diluted sample was amplfied with real time PCR once
with each chemistry

R p——

Piot of Experimental vs Actual Values
Plexor vs Duo {&utosomal) - NIST QRSM B

w aom Emm
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Piot of Experimental vs Actual Values

Flexorvs Dua MEST QSAM A (¥ Chromesome)
Resuits are very simiar

[reupee——

Plot of Experimental vs Actual Values
MiST O5FM B Duo ard Plesor HY
(Both produce similar estimates]

= " w1 a5 s =n

To examing these potential differences with mare

precision a series of dilutions were tested

HIST 5td € (Pooled mixture of males and females) using
both Plesor HY and Duo

Standard was diluted by hahes
OsAaMCc =543
— Dilution values in ng/ul 13.575, 678, 3.39, 165, 0.345,

0.424, 0213, 0106, 0.053, 0.025, 0.013, 0.006, 0.0033,
0.0016, 0.0008, 00004, and 0.0002

» Standard C was run in triplicate with each chemastry

= Each diluted sal

‘= was amplified with rzal time #CA

onoz with each chemistry
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Plot of Experimental vz Actual Values
MIST Q580 C Duo and Plexor HY
[Duo produces 3 relatively higher estimate]

e et e
s

O5RM C (Duo Auto vs Y] Results deleted that wers lower
than last standard |0.023ng/ul) makes slope much better
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Piot of Experimental vz Actual Values
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Pict of Experimental vs Actual Valuess
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Plot of Experimental vs Actuzal values
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Sensitivity Experiments

T The sencitivity experimants wers contmued with amalitioation of QEAME
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guantities =nd Autozomaly ratios
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ampiification suooess was messured

* Comparison was =20 mede with recommanaed keveis of standards
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Sensitivity with Plexor
QsRM C (mixed males and females) - No amplfication at 3pg
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Ratio Results (mstasams a<)

Quartities from 13ng - 6.5 pg/ul”
Hote: In all cases, expected ratic is 1.00
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Casework Samples

+ To further test the two systems a set of
casework samples were investigated

* Quantifiler Human, ¥ Duo, and Plexor HY
were compared

* Data is presented below
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Sensitivity with Duo
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Conclusions on sensitivity

Baoth kits showad a high degrea of linearity over the tested
rangs

Pracision for both kits showed RSDs ranging from 7-16% for v
ratios and for QSRM B/experimental of 8% [plexor] and 24%
(duo)

accuracy was relstively poor and sample dependant,
ndicating potential sequance effects, Maither kit did well in
this respect. In particular there appearad to be problems with
Plexor (autosomal] for QSR and with Duo for QSRIAC [v)
Sensitivity was better for Plexor as expectad, although Duo
performad batter than expected below its suggestad range.

Casework Samples
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Casework Samples
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* Results need to be statistically analyzed but

Conclusions casework

generally track each other

+ Atwo treatment statistical test can be used.

* Further testing is needed to determine the

utility of the 4/Y ratio in predicting quality of
results.

Amplicon size for different kits
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Casework Samples
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Effect of Amplicon size- ABI kits
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Results with Dagraded DNA Samples
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Investigation of the effects of sample degradation
and inhibition in forensic DNA typing with
reference to QPCR

Brice MoCord
rrofessor dnalytical/ Forensic Chemistry
FIU Department of Ci
International Forensic Res

Riami, FL - mocordb@fiu.edu 305-3

DONA Degradaticn

1. polymer hydrolyzes
[nucleic acids break apart

2, Pyrimidine dimers
{bases X-link)

3. Chemical oxidation
{bases become unreadabls)
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Miniplex 1 vs Powerplex 16
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Large Multiplex Kits provide Efficient and Rapid
Analysis of Comnvicted Offender Samples

Such samples present a

TEE 1%

ELE

special chalienge
‘Shetezal material
being preped for extraction
DNA Degradation
Mote loss of intensity of larger aleles
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Allzle Dropout: Standard DA kit
Promega Powerplex 16
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Allzle Dropout: Miniplex Logi

Eig Winiples
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0% GI%

Miniplex 2 e R Minlphex 4
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% ans
ABl MiniSTRs

Work in FIU Laboratory- with assistance of
Wermont Crime Lab

Cevelopment of minipie: STRS for
degraded DH& Typical sizes 50-120
bp.

Slot blot works poorly on thess
samples

5o develop a series of different
primers to selectively amplify
degradad dna -
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Ampilicaton sechs for a sample degaded sith Onase § shat e quantilid wing
Due. Bath ddwrfler ard minfle: sere used.  The daba dbew thet in gl of te
dogsafation el larger dlsed aluli, lower allwbes ampilied propecky wis idenifle (Ing
marnplate) Larger alales were mrveeed with Miviller (0.250g amsaee

e ey  _a i
o e s 11 gt

Non-Traditional Samples

The obvious application for Mini-5TRs are samples which
are degraded, difficuit or of low copy

We have perfermed experiments to examine their
sansitivity and

— Capability to =mplity DMA fram done ard hair

— Capabiity to smplity DA from nighty carradec ssmpies

— BiE guestion: How bo determine guality sno quantey of law level
CHAT

— Anzaer QFCR?

Determination of DNA Quality by gPCR

AluYas Primers — Wicklzs and Bual
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Primer design
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Real Time PCR — 82 bp Al
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Real Time PCR—124 bp Alu

Multiplexed Degradation Assay
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Quantitation of DNase | degraded DNA

using 3 primer sets

::: An example of the
e quantitation results
ohtained with a
j“ degraded DRA
g samgle, Error bars
Y represant 95%
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Sire ol Inbasa
Intarpreting the qPCR
Degradation Satio
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Recovery of DMNA from degraded Samples
UT Forensic Anthropology Center

Imallcatiom fur
Micis Chsasloss

Aol Gt ibeut Resasy
of Anclant
DOte

Application to Telogen Hairs found at
Crime Scenes

Anmgen

= Genemlly hair ssmples ars
= poor swmples for nucizze ONA
i typing
/ + Teigeen bair sontains File
Y sz
T * DM is poorly incorporetedin
i sair
Hair cortmins melanin, & PCR
D

T ogan

mHORA s tha Lxus] methad
due 1o these problems

wirtual Yield Gef for Hair Samples using Three
Different Sized AL Amplicons
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Amplified Sample - Miniplex
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Results for telogen hairs

= <100 pg — Mini 2 {D5, DE, D18}
— E0%: IioC (09 and Dis]
— BO5 Bt least 1 locus [Da5)

= LD0-500 pg Mini 2 +8dinG 4 (vwa, D18, D13
— 70% 3 or mare loci
— 30% 1 fod or less

= =500 pg all 3 sets
— 70% 4 loci or more
— 0% & foC or more

Sl s youl cail viin tebogei hiks

WiniStrs show the same effect
In spite of the improved sensiivity, peak balance is
poor at low template concentration
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Amplified Sample — Powerplex
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The Down Side of MiniSTRs

RAINISTRS were developed to access degraded DA,

They da not solve the mherent low copy limitstion of the PCR.

instzad beczuse of their sensitivity, they compficate it.

1. shart PCR primers amplify bemer.

2. Better amplification means laboratories can aocess LON without
pushing cycles

3. atlow copy a scientist cannot express 3 strong openon sbout how
Dhis arrived at the site where it was recovered.  This DNA could
just @5 easily come from pre or post deposition as it could come
from the suspect

This amplification
needs MiniSTRs

These do not:
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L
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Inicance Frojacl Case
Pekt PCR eleanug of negative QPO ¢ 3TN
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What to lock for in the QPCR results.

23 F
H
e

L LGERELEL:
%

Sample is a2 & iow level, nominaly 5pg. el out oubside the caiibaation

Amplicon size for different kits
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Effect of Amplicon size- ABI kits
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Results with Dagraded DNA Sapnples
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Conclusions

MiniSTRs are for degraded DINA

Validation data reveals a robust and sensitive
multiplex amplification

Virtual vield gel using qPCR helpful for
proper analytical results

Stochasitic effects still oceur for samples
under 125pg

Improved results are possible for bone and
telogen hair

Degradation is still a problem

Inhibition and degradation

Which way o turn?

QPCR and Inhibition

Inhibition Mechanisms

Effects of inhibftion on STR profiles

A real time assay for inhibitors

The effact of inhibition on Quantifiler and duo

Plexor and inhibiticn
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The Problem of Degradation vs Inhibition in DNA typing
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PCR Inhibitors
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Effects of Increasing Humic Acid
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The Issue:

‘With incrensing Ivberest i the fonersic commusity in the intzroretaton of
COMmproMisEd SEMplas ANG M, We nes to be she 0 bather interpret
electropnerograms in court

= Wenesd to Oetermins the reative efSects ot BNA Jegmcation ano
inhibition on peak heignt ratios

— W= nesd to Understand the combinatorias Efacts of citfenent inhiitors

— \WE nEsd 10 understand tha ENVINCAMENSE! Bspacts of cegradstion ana
soil inhibition

— We ne=d to =xnlore the interpratation of low bevel miktures in the
presence of & major cansrioutars

PCR Inhibitors

in the FCR pracess, the enzyme moves siong the DHA strend, adding
comphementery bases

f inminitors ane prasert the PCR process fails- why?

in pwr stadies, the failire seems to 08 more @ function of sequence than of
amplicon size.

Mechanisms for inhibition may vary however, and in meny cases- 5o and
boae- for exsmple,
bath cerredation and innibition may be present

MinisTR Amplification
w/ increasing Humic Acid
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MiniSTR Amplification
wyf increasing calcium

D5 Least Affected
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Results — Inhibition Thresholds
MiniSTRs
Inhibitor Big Miniplex | Miniplex 2 |Miniplax 4
Hematin 1uM 0.8 pM 0.8 pM
Indigo 280 pM 320 M | 300 pM
Melanin 0.16 ng/pl |02 ngful 0.2 ngfpl
Humic Acid |0.5 ng/pL  |0.8 ngfpl |0.6 ngfpL
Collagen 24 ngfpl 32 ngfpuL |24 ngfuL
Caleium 1100 uM 1100 pM  |B00 pM

Effectof inhibitorsen aPCH

AL DA cordantiwiioni

v '
easeanation of khizer
Mermic a5 neraaamd F

f

ﬂ---—l

alng —saing
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The Problem with Mixtures interpretation in the
face of set PHRs, inhibition and degraded DNA

This cice 1esuled bs 8 hung jury. Defense acpect clahmed low PHRA indficated
ki liishod. Proseostion clalmied incosdhushis il
Lk Protoccl: locl must be sbose theeshold s within 86% of sach ol 1o ba

ltuded o majoi conribetee. Deleme confosed thie. moentlusive » Exclaalon!
Defendants profile & D5[1213] 0131214 D752

PCR Inhibition: Observations

Inhibiters sct in many ways — The mast worrsoms are thase

wihich co-extract with DRIA

Theze inhibitors groduce various effects on data including- peak

balance problems, locus specific dropout, enhanced stutter. and

poor sensitivity

Mechanisms agpear to wary with type of inh@itor and sequence:

of amplicon

* iz important to understand concentration effects and
mechanizms o that ichibition cannot be confused with
degradation, dropout and mixture effects

Tests for PCR inhibition using
Realtime PCR with high resolution
melt

compare inhibition for a single locus {THOL) with primers of
various lengths and meiting temperstures

Determine the effect of length and sequence on PCR
inhibition

Examine melt temperatures of amplicons i inhihited
samplas

classify inhibitors by effect on PCR

Determing machanism of different PCR inhibitors
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Experimental Design

Locus - HUMTHDL 5TR
[#%4 = Homsorypess 5.3 aliele
Prinsers
— 3 lemgths [~100, 200, 300 by
— 3T (55 80, E2°C)
— Amphfed preduct jone product)
qPCR conditions
— Standard conditions for Al geantifcaton (Mickias et al 2003}
* Mo B34
* Lower Primer Concentration
= Reduced Tag
= Amnesfing temperature sppropriste for Tm [ 5° Cc Tmj
Inhitbers
= tCaidum, humic ackd, henatin, collagen, meanin, ansi acid

Results - Calcium

M shift in take
off cycle

M changs in
miglting curve
- Efficiency of =
ampéfication ;
affected ! '\\'
M difference S W
for size or Tm e X

Conclasion. Ty inhibite

Results-Humic Acid

|- Effects Ct Lamar riemer ¥,
| Mo efficiency i
charg= ol |
_mmm € - - Lpmri repa v
e meten y :
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conclusion: Inhibits by binding to DMA template

Results - Melanin

. ar -
- - fi-
= Effects t 4
= weak effect on L ! g
efficency :
= melt curve —i
effects
i - [r———
a g L} I
— . I‘\

Conclusion: Inhibits by binding to DMNA template, may affect Tag

Results - Hematin

swrong Ct shift | n
some effects on | !
efficiency | ! [

Some loss of | \
product

Evidence of
binding DiN&
esp. at high e

o2 =\

conclusion: Inhibitor binding to D#&, may inhibit Tag

Results — Tannic Acid

Increase in 3 —
take off oycle [ Fil -

Mo change in — b e
effidency - -t -

painimal —_— A
effect on malt e — - Y
curve :

(. Al \

Conclusion: Bimt'lng. effects only at highest concentration
‘Weaker effect than Humic acid or Mefanin
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Results - Collagen

Strange loss in o — il
signal with |
increased da | -
[inhibitzr] !

Minimal effect : o -

on takeoff oycle s =
Evidence of
binding DMA
and efficiency e
changes I BT,

conclusion: Inhibitor binding to DMA, inhibits Tag

Effect of amplicon lzngth on inhibition {ircressing cone. Hame|

Arpificateon

Largar amzdicon feng 3z thaw DN imhibiicr biding roeds
Simad| wrplizom ahow chamgm i eficency

Important point for these results

* Just as MiniSTRs may be useful in amplifying
DMNA that is affected by inhibitors, short
amplicons may be unable to pick up inhibitors
that only affect large 5TRs

Inhibitors that bind Tag will always be
detected regardless of amplicon size.
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Size Effects

» Inhibition tests examined both concantration and amplicon
sze of THOL target. For size:

= Hematin showed effecency changes for short amplicons
and Ct effects for larger amplicons.

= Melanin shows Ct effects and melt curve effects for larger
ampflicans

Results indicata Ct effects are reduced for smaller
ampticons for these inhibitors. This indicates a potentiat
advantags for these types of mhibitors with MiniSTRs.

Pebalanin resuss @t varkus amadieoe slma Tho4)
Inhibitor kiswling secors with large amolicos sl

1 ———— | T .
Ampifeatian |
|
- ‘
Aulanin (00 by Pedwfarin 300 by Fwlanin 300 b
M Curern == 1 1
\
.'{'
x"\-.__a"l \
\ i

Transition metal ions
Metal cations present in degraded samples

represent a different type of inhibiticn

Zn**, Co**, and Ni** form Dha-metal ion complexss, termed
N-DiNA. 3t pH conditions above 8,

These cations produce severe effects in CE injection
and analysis

Hartz=%ang MoCord, Slecirophoresis, 2008
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Effect of contaminant in referance sample

Hote problems in
suisequent anakyses

Effect is transitory

Types of inhibitors 2

*  Taginmisition
— Caldwmn
Lengih cependent/primer sxt=nsion
— Smabiestsmpiicon je=ct sMectes oy inhibition
= Hematin
» hielanin
= Tannic acid
* DNA Steroalation
— I=ialized DHA (bonsition metals Zn, Caf
— Certsin yes

Clean-Up of PCR Inhibitors

Bowine serum albumin (B5A)
Rezlizves PCR inhibitiom by making snayme more efficlent and Sindlg
certain inhibitery compounds
*  Low-melting temperature agarose/sephades/ fiftration
— Releves PCR inhillwtlon by capturieg large polymers ke DRA, refeasing
smalisr imhibibery compounds
+  Elestrophoretic Purification
— inhibiten move at d8erent rmtes under appded felds
«  Addition of kigher concentrotions of Tag polymerase
— DOuerwhelm inhib®ors that bind o tag
»  Difution of Samps

— DMA st aenplities, inbibi%ors are less concentrated and bind to tag
aned o1 other reacton components

+  Destruction of inhibttors wy’ MlaOH
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Types of Inhibitors

*  Lergth deperdent
— Lapest amplicon least aftected by infioios
v Lelligan
* Affwzti aiynal = poasibile dye quencher
v Pouslide Eleding 1 ZNA
* Tmy/Sequence dependent kinstics
— Humic Acid - B0 T beest mffectec
— Tennic Acid® — 38 Tm least affected
Change in meit curve/DNE bindng
— Humic sic, cofagen

— Lergeramiplizors with melsnin and hematin

Conclusions on Inhibitors

Preliminary studies demonstrate that inhibétion and
degradation may produca different patterns of allele
dropaut

Infibiticn can

— Raduce Tag availahility {intensity cecraass|

— Reduce apparent concentration {tyieo#f opcie rice|
— AM=ct specific doc [bind tempits [bm eftects|

— Affect Teq processvity [amplicon size efect]

— Eercalate DNE {sffect O injaction]

Improvad Woarkflow

ARI Prostuct Lmesioes
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Utilizing Quantifiler duo as an aid to
evidence processing

* [uo gives the quantity of human autosomal DNA
permitting proper dilution of sample pricr to
amplification

* Do permits the guantification of ¥ DNA, and reveals
its presence.

* The intermal contrel seguence permits the
determination of the presence of certain inhibitors

* Theratio of male to autosemal DNA permits the
determination of the presence of a M/F mixturs and
the likelyhood of success of mixture interpretation. |t
alzo indicates if 3 sample should be proceszed for Y
STRs.

Hematin Inhibited Samples

Comedabign wilh Iderlililer® profies

e —— [

T e e

Tt pami

gkl

Efwctal incresalsg tomcaniration o Sumic ackd on e
wmpifization of [deefiler (1rg bemiein ONE)

s P AT T IR T YUT TR T I -

s 1Y NITHTRI T ST 4 P |

rordnd (labg g

g -'. “_J__“ ..,_1..].. e (L

2 gl

il [
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Tabl= 53 Inlarpisting P argd Boatan rmils

D M NS dysfandiar | -~
n-mu.rmq),.. | oo B {NEDT Dy Intorpraiaiion
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Y ol PO - 3 ALV
A geincied

1P pecst

i Ly anvd g AR irem &1

Ampiteation g mmgdicaiion o1 Oy highet FCR mbiin
i Gy e Hrw A5y i 3
by Pt i iy whin iha (' valos for e
dotecior in nipan ameis of DA

1 b e o Cp o b pursibise. Whas BPC b et TINA
6 added 10 e 1 &0 & fied Comcw ination, Sweefode. the NETY
Cp $himsh rage bewees 28 and 31 with o vabsitin &1 | Cp oenas

e stanched ounve saimnples

Caae FIITAERHY NFL |

ox e HOEHT SR arod 1%
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TE ORIE EF o A0 e

venirndes qf & LA

W TR

Conclusions

MiniSTRs are for degraded DMA. They work
especially well for hair and bone.

Similarfy QPCR amplicons are sensitive to
degradation

Realtime PCR combined with DNA& melt curve
analysis can be used to detect PCR inhihition
some inhibitors are amplicon size sensitive.
This may cause trouble in detecting inhibition
using QPCR internzl positive controls.
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QPCR and Low copy template

Forensic Research Inst

Miiami, FL  mccerdb@fiu.edu 30

e el = i

Spinal Tap Video

* The problem of instrument sensitivity

* Exists everywhere and is fundamental to the
concept of signal to noise

Setting thresholds for the ABI 310/3100

+ \Where do current ideas on mstrument threshoids for the ABI
3103100 come from?

= How do | s2t these values in my faboratory?

Why might they vary from one instrumeant to the next?
» How do these thrasholds affect data interpretation?

» How to desl with Ssue ina way to ensure & consarvative
result?
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QPCR and LCN DNA

* Introduction to LON
* Drop out and drop in
* PCR assays for LCN detection

= Sensitivity issues

Amounts of DNA Required

13E3-133 RFLP/WVNTRs 50ng— 1000 ng
1533-present PC R,I'ISTRS D5—2ng
ikt aios 1550

15%s-present LC N,rrSTFtS <0.1ng

LCH extends the renge of sampies that may be
attempted with DNA testing

What is a true pek [allsie]?

GemaSorn fanchon Gamafyner functioi
Fesk getection thresholc SRutter pErCENTHDE

Fenk hesght ratio {FHR]

Signa [5) Alele 1
Trse
} =dele
Meise (K] Stubter
product
HeerozymoTe
peak befance
PHR nET3% Stutter<13%

Prawdes renge i which mbcrures mey redobly be devested
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Fundamental ideas behind threshald Sattings for the
ABI310/3100

Detection Limit: 3x the standard deviation of the nose.
Evthrated using v pank 1o paak noke. feparagreately 55 - 50 RFLR)
Paika balow this vl may Le rindss nolss

Limi of Quantitaticn: 10x the skandand devistion of the noise
Estimated using Ta peak to peak noiss (130-200 RFUS|
E&iow this Doint estimates of pEad ares or height 2ne unrelissbe and mey net
bex reffadie indicatoss of snisture mtios
Saochastlc Threshold: Level of quantifiasiz DHA below wihich peses can show
i k heigrt ratios Deiow 605 Approsimately £30-200
{ahwvarys grestes than the LOD] Vadsnos in peak height ratio is the sum
of variznce due to the Stochaistic amplification 2nd instrumensal noise.

The Scientific Reascning behind the Concept of an
Anzlytical Threshold
{hmit of detection)

= This is fundamentally an issue of
relizbility

For a peak intensity below the LOD
there is a very real chance that
such a signal is the result of a
random fluctuation

This is known as pulling data out of
thin air.

Abracsdabral #'san
afl=fe

The Scientific Reasoning behind the
LOCQ fStochastic threshold

With peak intensity below the LOD, you hawe
sign#icant varistion in height from ors
semple ba the naxt

= SEmilarly due to stoshalstic Bucuation in
peak helght ratlos, Interpreting dota bebow
‘the stochalstic thresholl presents the real
probiem of allele dropous.

How low can
iU go?

= Bothom fine: . Inpirt ievels of DNA should be

N to avoid stradce dats:
therpretation must be done

151y 0N IO IEVaZ CHs as pak

fies are ki gr-'.l'p:r'a:re

Useful Range of an Analytical Method

ol g
fnsrizg -

TRTOCOAFLS

LA Far] Redpon

TERIATAL
10D = 3r S0 af elark Concantration of sample

106 # 20 500 of blank
10 = paak talance Brmhoid

Limit of Detection

* Typically 3 times the signal-to-noise (based on
standard deviation of the noise)

Yes, it és @ penihut you coneot rely ai it for

= this peat ]
= this P conceatrmtion deferminations o5 it &5 nod =18 5N

X Mo
Frak to peak noise

Aoprosimates
3u3d of noise

Types of Results at Low Signal Intensity
[5tochastic amplification potential)

Ona sligle pask sbhosn o
deteriicn S rmbol e

b
straddle Data il T
3 : Shacmirii e
- oniy one allele in a pairis Tl Fero by | 1308FL
above the lzbarstory i o J
stachastic threshald T
At low tevels of imput CRA, the
partestinl far straoole oats ic
1:57' Stracdde data may be cused
Thee issae i3 bast swoiced oy by b v, It B
reamging the ssmpe ot Nigher aned low enpy s,
inpUL D&
Otrerwise shradose Gats mskes

oLz inconiusmee
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Stochastic Statistical Sampling

Copmacd  Copeacf
sleda1 alwlaz

Frose ammaunt

‘what might be
[ sampled by the PCR
reaction...

® 2
i)
feaufeng R ®
electrapherogram F

hes wedalea [N R

& copies copies per allela (L)

20 copies per aliels

MiniStrs show the same effect
In spite of the improved sensiivity, peak balance 1s
poor at low template concentration

-

o B ERE REE L R

125 pz Ry e

Interesting effects with low copy data

Zazisd Dwallyod smabab

Mremiber of single cells =nztysen 2e

R=ngts phimined 205 [31%]

Amplification feilure 2o [=k)

Fuli 5TR profie 114 [30%)

Arceptabie profie jarmelogenin =4 81| 144 28] - " N
Fartal profile fu4.51m) g2 {27%) Findley ef ¢l {1337)
Surplus sbeles” 22 [12%) M et/
False alizies™" 11 [3%)

Afeie dropout 25 |35%)

R il e A T T

e gkl als s ST S, Dl e o 8 45 o i By S AL, . P T4
PR gonarend sl pabvE W e o e s s 4 W] s 8 ol a0 18 R g
v n g e o By of cali i couavustion

Srraddie dats rewy b fve cazy|

Comparisen of 5TR Kit Amplification SOP with LCM vsing tre
Sarme DMA Doror

Input DHA o i v 6 s 2
sop - N — " "
ng i
SRR 0 L PR
Az Drop Dut
e = ===
App e e
.J‘ | LT (T
&lisie Drop in ehezogie Aleie
I=imlarce
This sample needs el Sl
MiniSTRs
These do not:
b L . . =
wictim i I |'=
§
m
o ._‘7 '- ¥ _——
O Pl i
g e 3
scapect Irnacancs Froject Caam
C— HNumsroa problems with o lels dropast
Duks Lazmaws phyer 1od avidancs

Another problem is stutter

= Stutter increases at low copy

analvsb ol vutier pecsrtagn and sles peak
gt and peak an atuzi al heteroaygens ST b o loreeaic canmwert
wred database sarslen. | Feranik: Sd. 29{5) dek-040

Laclal w2, @l (2004) Svula:

% Sy

- )
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Other rmasses to aveld imerprating low leval dets ard seiving Beeslroich

S . B
G i
Mon Specific | \
amplification, -4, B M
L )
Pull-up
|

The hais with low lavel dets e atien

El I e ][ Eelhle =] 1

| O

Srochsinic Uil
Etlmaie

| O L

-
o

Lhnil Extisana

I.: 1\ru| Bamalios

= Mt o

Thomgman, Wi ul Fhm Chasmpae, Apal 0, pa £6-1

MNext determine the dynamic range

1. Pparform a series of amplifications of 5 different samples
with 5.00, 2.00, 1.00, 0.50, 0.25, 0.13, 0.05, 0.03 ng DNA

Usa your laboratory quantification system, your thermal
cycler, and your 310

i

3. Determine the average and standard deviation of each set of
samples

£, our dynamic range s the range of concentrations that are
not overloaded  Overload point is where peaks fiat wop
Ithis can be checked by ax
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Degradation vs Inhibition

Degraded DNA Sampie

Hamic Ackd Inhikéted DNA Sample
ki slope effect

Less prodictable effects

TR T N S NN DR S

* Pawerplex b aug7A Posktive
= Centeel  ooegong) oeg ul
-
=
=
Bl dlld & 3 iss i
- 9
Bowe Sample 2008540
=
L oo ng’ 1z ul
=
-

So how to set thresholds?

= First determine the analytical threshold for
your particular laboratory using the signal
intensity from one or severzl CE systems

Arasyticel thresholid for this instrament is aoprox. 30 AFUS;
LT iz appoosd mateiy1B0RFUS.

o

Limit of Linearity (LOL)

Foint of saturstion for an instrument detector so that kigher smowsts of
znalybe Co not procuce  fneer response in Sgnal

= AES 340or A31 3100 detectors, the OCD camera saturstes lesding To fiat-
mpped pasis.

Oifcals peatn

Stutter and noise
may be
artificially
enhanced
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TwiEDan validstion of AmpFiSTR Blue
Wil ol [1908) L Foveasic 520 4314): 358570

Determination of Minimum Sample

Goal: avod situations where peak imbalance resufts in only one
detectzble allele from a heterozygous paic

= Perform seral dilution {1ng- 8pg) of 2 control samples which
were heterozygous at all 3 fod

— Samphes above 125pg had peak heighi RFLUs abowe 150
— Bedow 125pg peak heights were pot signdficantly abose backgrowsd

— Ar31 pg peaks were very low or undetectable

= “Peaks below 150 RFU should be imterpreted with caution”

Sensitivity Study:

Profiler Plus |Denbie Hobzon-FEI)

Tampiaie v Pask Hasgin. OF, ©F &

f—
Bl

on increases with comcentratian
e gruEntity of DINA sciedy by pesk neigat

i PEsk naight vari
Trerefora: it difficult o ases

Sensitivity Study

| De=biie Hooson-FB]

+ 25 Individuals

— 63 pg to 1 ng amplifications with Profiler Plus
and Cofiler

— amplicon run on five 310s
— (Zenaican Analysis threshold sufficient to
capture all data
— GenaTyper: category and peak height
* |mport data into Excel

— peak height ratios determined for
heterozygous data at each lecus
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Sensitivity of Detection
Morett et 2l, J75, 2001, 45(3), 551-675

* Different 310 insruments have different sensitivities;
vination of amalytical thresholds should Se serformed
foliowing in-house studies
— Warimionsie quastitaion systers
— ‘anmions in ampification
— Varnigions in instrumant sens

i

*  Pecks with heights below the threshold thould be interpreted with
caution
— Caution snowic be wses before modification of
= Amplification cycies
* Electropheretic conditions

Pezk heights are alzo 2 function of sample cordition/ PCR,
ectraction, mhibton, degradation

Mext set the stochaistic threshold

= Stochastic Threshold - the siznal intensity at which 2
particutar quantity of DM can no longer refiably be datected
— Reliability can be defined by an increass in the standard deviation of
peak height intensiny or an Increase i the standard devistion of
signal Intersity or both,
— The stochassic sthreshold should be greater than the limitof
guantitaton

Bone sampis with low PHR
q\.
[l

-
'I*L'|'; -l

Heterozygote Peak Height Ratios
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L] =
- ¥ &
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g H
& H !
IE a8 ¥ 5 e
» ...
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»
Onseryation: Peak heiznt
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' T L Yitry v 1T Casm iy

ropotional to mout DA
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Heterozygote Peak Height Ratios
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Iixture Example
The proosr sething of threshoids unciedies rules for mivtiee inkerpretaton

[T || iy 1 TG |

List the genotypas? Puk,

1Ty . ¥,

11ed B M % Mo i
4= 5%

o R Y.

Paik height ratios and threshoids contral ind
Ewcmssive wmriation in PHR rakes this date uni

=roratinbie

i_L:_AJ

MiniSTRs and LCN.

MinisTRs were developad 1o access degraded DMA.

They do not salve the inherent bow copy mitation of the PCR.

Instead because of their sensitivity, they complicate it.
1. short PCR primers amplify better.

2. Better amplification means laboratonies can 2ocess axtremely low

levels of DHA

3. atsuch levels {1-20 cefls) a scientist cannot
opinion about how DA arrived at the st
recoverad.

Mpress @ strong
fe it was

4. This D& could just as easily come from pre or post degosition as

it could come from the suspect
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Heterozygote Peak Height Ratios
entifiizr 5TA £t Dev=iopmental Validation

&
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Ministrs show the same effect
In spite of the improved sensitivity, peak balance is
poor at low template concentration

B e
R
]
I s koruecl
L) o
[E—
g b
! P ———
/ peepmempebied |4 T
= B
spg i
=
___,-"f . ma N oEd MEE e
_,.-"
135 pg o capghar g

The bottom line:

1 LCIW 5|gnal levels are bad because:
Thay may indicste low copy # DNA = inconsistent or
mislzading results
b They often coincide with peak imbalance
. PCRand instrumental artifacts appear at these
levels
2. Pelyinz on signal level 1o determine DA quantity can be
misleading
g There is wide variation in signal strength of amplified
D
b.  Imhibitors and miktures complicate interpretation
1 peak imbalance can occur even in single source
samples due 1o inhilition and degradaticn
2 instruments cam vary in sensitvity
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‘ﬁi Fuzzy Logic in Data interpretation

= The ABE 310 is 3 dynamic system

= Zansitivity varies with
— Allele 5oz
— Bnj=ction soteent
= Snpui DA
= Instrsment fectors
— Presence of PCR inhibitars
— G makrin

= Thus interpretation must be conservative and data from these
studies yields guidelines, not rufes. These guidefines must ba
bazed on in-house validation. In addition the interpretation and
E;rl'_: significance cannot be dissociated from the overall facts of
2 (E5a.

qPCR Assays Are Also Impacted by Stochastic
Sampling in the LCM Region

Chwmatinr it L'y Muneal, . 817

40oa

Mote the lrgerspresd in ' L1189
Ehese dilution seriss ,1“ | {
peints for the LCN PP
e

=amipies (16 pE) because
o stochastic sampling

. ToRsTEy .
Figurnied Sminie avig ihe Gamssiinr 7 i1
Aemamber Ehat DMA guantitation sssays are also Inmpacied by stochastic
problems asd may not be extremely reproducisle on the low end La., <100
Plriiam

Difference in DMNA Ciuantitation Capability vs. STR
Typing Sensitivity

Bclear DMA gquantities
1M

Diiasiiddot Limit of Beseo s LG

> B ewisgw ol sl ot ke s of
} tha lives lmyel s DRSS (TL00T with
—

STR typing (28 cycles) LOD 1y
....... e
Lt ST typing P24 cpcles] 10D —
Boenb thme giOh LOD =+ Iipg

Multicogy qPCREOD == g g reaghly a sing cell

A typleal amaleation usm 100l thus bowaal quaneity detscied by oPCR Sl
can e arnpiNacd sith certaliny b 230 prengle copy o0 Blgy muitkespy
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Procesding with Testing when “No DNA” Detected

If the gPCR results indicate that there is no detectable DM,
will you stop testing or will you proceed with attempting 5TR
typing?

= The practice of procesding even with a “no result” Quantibiot
was because the STR typing assay was more sensitive than the
quantification mathod.

Real tme PCA should have soived this problem bat it hasn't.

TECHINIC AL NOTE

e M, Ey
v Ihiw

A drrvd' B despmune,” M Bnoren & fawin " AES
NI,

STR Protiies from DNA Samples with
"Undetected” ar Low Quantifiler™ Results

KRB oo s L7V 8 Fyf. smiin

QOPCR is a better way to assess guantity but be

carefull.

Ly ) el " ;ft
| ﬁ%@ \{m
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2813 ] ki e
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o S e gm e
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Samiple quantity = outside the catboation. The fumier has no mesning ! .
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The Issue of calibration
ie: where exactly is 7 pg?

Fipgfel

2 vl Seleow 23ngul v e Sekow B Sxfbvatian L and ek It breciailie
1o datermies a tros valus. What b more, your lowest datapain verdes 38 a8 ok

Thm dilfererce owenn dwtectios al ampilication and rellaidiy of el
ukBneis probes
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Than iestrarse sasorts 19pgful B anslyat pues in 100 the sl ? An
drmeliation uf 200 = Soraly LON. Ard the resiuis show o aral profie.

The problem with LCN DNA is that you cant be sure if
it Is from the case or if it is from some other event.
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Effect of uncertainty in estimate

Cutside the caliboation curv, & 5 foid Sfeeoce 0 the sstimate e
reaoratin poavklily slmaly dost 1o crwmetalngy e the dloge o the Ine
The soltwars mpoms e number as S83 peful. How can it be sooorate 1
Shems b 7 B BT AL FTTERT |9 cothd e L1 |t as eadly as it sl B 1

RESEARCH HIGHLIGHTS
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Ethics watch
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ssues:

‘s evidenps cobsched with
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i LCN ewigience refzbie?

Does the cotrined profis result
from the gvicence?
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How to interpret low level 5TR data safely?
Set LiméEs!

E1 Wi ][ Beriir 1.1 Tiviear 1

i || Detecrhan
| Limb Estimme (5]
[eses |

Whaow e, Wol. ot . Thas Chaengea s, Anl 1000, g 110




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(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

Conclusions

* Be conservative in interpretation
— Set thresholds based on signal to noise and stochaistic
amplification (2 thresholds). Base these numbars on
controlled in-house experiments

— Understand that different instruments may vary in
sensitivity — set thresholds high enough to encompass
this variation

— Understand that even with such guidelines issues such
as degradation and inhibition cam skew results.

» Leave room for the facts of the sample in your
interpretation

gPCR for DNA Quantitation

—will it lead more labs into LCN?
or
Are we already there and about to
find out?

When properly used real time PCR
can provide clearer information on
absolute quantities of DNA

What else can go wrong:

= htost validation studies are performed on pristine
samples derived from clean sources.

= DMA degradation will result in dropped alleles from
larger sizad amplicens

= Deia inhibition will result in dropped alleles from
any location and the effects are difficult to predict

= Inhibition and degradation can produce stochastic
affects — peak balance issues and allale dropout.

aer,Takm care ratasl
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Challenge with Being Able to Go Lower In DNA
Quantitation Measurements

hiulti-copy marker {2 g, Alu assay] will be better than a single
copy (e.g., Quantifiler) with qPCR of low quantity DMA
samples

= QPCR enables measurement of lower amounts of DMA but_

= Z0ing into the low copy number realm introduces new
challenges
— Interpresation of mixtunes
— Defining threshelds for gitfzrent dyes snd amplification systzms

— Defining the difference between imeestigative data and nelinble “cowrt-
wartny” cats

Why?

Most laboratories will use amplification resulis
to provide information on DNA thresholds
But: The reason qPCR was developed is that
using endpoint detection to determine
quantity is notoriously imprecise

Depending on amplification conditions, it is
possible to produce full profiles from a single
cell- Bpg.

So wouldn't it be better to use gPCR to do so?

‘r."'. Fuzzy Logic in Data Interpretation

The 481 310,/3100 is 2 dynamic system

sensitivity varies with

— Allelesize

— Injection sohvent

= Iniput DMA

— bstroment factars

— Prasance of PCR inhibitors
— el matrix

Thus interpratation must be conservative and data from thess
studies yislds guidelines, not rules. These guidelines must be
basad on in-house validation. In addition the interpretation and
it; significance cannot be dissociated from the overall facts of
tha cass
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Instrument factors

Becausa only slgnal s measured (RFUE) In farenslc DHA
analysks, many [abs find that one INETUMENt o anather Is
mares senshive

ra

There are also differences in sensllivity based on Injection
paramaters, caplllary lumination (singie vs muiiple) and
35er Intensty

[

Lasily the varlation In gPCR sensithlty affects e cutput of
any system

=

These arerences should b= comedted Dy proper seting of
threshold parameters andor adjustmeant of QPCR resulis.

Additional Iszues

Threshoid (A8}
310 SIRFUs
3ixx 30 RFUs

_— Sichalstic
! 310 130 AFUs
L F1xx 90 RFU

Crynamic Rangs
310 4500
— 313 3500

Btz Vet 310 sil appes mooe seeailive with @ wider dysmemic g e prepe:
walkdations are parformed.

Issues with Data below the Stochastic Threshold

= PCR artifacts and stutter become prevalent

= Low levels of bleed through are possible

Instrument spikes are mare numerous
= -4 peaks may appear
= Dye blobs becoms mare significant in overall e-gram

= Low level 2 contributors may show peaks
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310ws 3100
Sampie
210 1.5ul In 24 Ul formamide
e ul 0 10wl Tomamide
[R— Injecticn
31a SE@ 15K = TIkVE

330 (4 cap) SE@KY = 15KVE

30D{iGcap) D@ 3KV = 30KVE
e _: Irradiztion
— _— 310 diract
Ml dcap) st
3100 1€ cap) botn sloes

Bemors lne: you would mipect 5o see
L., af ipprcadimate 3 fold d¥arance n rlud Batwees @ 310 and @ 3130 |2 cg)
2. 0 wppreaimate 2 lahd @l Terercs batwann & 310 snd 31504 {16 sap)

Bottam Line

Validate each class of Instrument
and expect dfferences In
sEnERNity) sigral io nakse

Compengate for differsnces by
chooslng appropriate thresholds

Walidate at 2 or mare Injastion
lewels 50 thal Injection fims
can ba Ircreaeed-
remembering that lenger
Injeciions sk drifting imo
LCH regime

Calliogg thribilali ifastva sl iy, s mi: fange and the Racaasity bs aveld LCN
daze

S0 why examine low level data at all?

=Detection of straddle data in which ane zllzle is above threshold
and the other iz below

=Dataction of the prasence of low leval mixtures
*Clues to the presence of inhibited samples or poor injections

= &ids in determination if @ suspact is excludad a5 a contributor
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Comparison of 5TR Kit Amplification S0P with LCN usirg the
Szme DA Comar
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Ethics watch
{E{F

Wes evidence coll=ctzd with
LCH in mimd?

15 LK evidence relisale?

Daes the obtsired orofile rasst
from tha evicence?

Findley et al. (1997) Nature article

2ate | Ot by oF aeuboity
Humiber of single cells amzfysed 26
Rzzists pheinined 205 {31%)
Ampiitication failure 20 3%)
Full TR profie 214 [afe]
scoeptebie profie jereelcgeninss 5TR| 144 [52%)
Partial profile {54 smi E2[27%])
Surplus stsies® 28 [12%]
Faize nlimies®® 11 [35%)
Aleie dropoert 22 [35%)
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Stutter and Peak Height Ratios change at LCN

= Stutter increases with allale size:
= Shutter increases at low copy &
Lechal ., @ (2004) Syatmmatic anelysis of stuter percertages and eleis posk

¢ heerooygons STR boot lar T
L vk 5, S8 | Sk

- S
LT )

Faah g | L )

186

Low copy number situations exist in many samples

= In2 L1 mixture, each DMA source is 3t LCN when the total
amount of D& in the amplification reaction is ~ 0125 ng.

= Ina L:9 mixture, the mingr component could be at LOM
even when the total amownt of DMA in the amplification
ising.

Robin Cotton, AAFS 2003 LCH Workshop
“re we already doing low copy numbear (LCM) DMA analysis?”

Some interpretational guidelines with LCN

= &t lezsttwo* PCR amplifications from the same DMA extract
*five iz bemer; results are investigative

» &nallele cannot be scored (considered realj uniess itis
present at least twice in replicate samples

Extremely sterile environment s required for PCR setup to
avoid contaminztion from laboratary personnel or other
sourcas
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Meatloaf Principle

el yur
reaad you
Eul - Bemin al

£ o vy Ly wvva i bosas s

e idd
ot of i alst bad
et cal

You see an allele twice in 3 runs
What if the the 4* measurement shows no
aliele?

Is seeing an aliele 50%: of the time a measure of
relizbility. 1s 68% ok?

Catch 22

» Mote the Catch 22. Are two amplifications of

50pg better than 1 of 100pg?

Are 3 amplifications of 17pg better than one of

507

» Data shows that the lower the amount of the
DMA amplified the more likely allele dropout and
false alleles occur

+ This somewhat calls in to question the idea that a
sample should be split and run multiple times

Replicate LCN Test Results from FSS

B T
B

Vo | .o 1 R PR Ty s Sarnpt s S oo iy | s oo o o - e st

drdis Bie Ba B FHE WA Bl T T T -]
CHNTAE XX un lk 1 v 5 El " &
Lt

" W ar m e v

I ur - nr 3 W - r -

3 ar ¥

] ar L nr it

" ar nr =

T r r aF nr v

187

Typical LCN Procedure

Exteaer A fram
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Problems with Obtaining Correct
Allele Calls at Low DNA Levels

Banshlviy Sedes - 32 opoies

Fercaan Lyped
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Low Copc:,'whtumber Limitations (cont):

Froes Sruce Budswin (J005] 19 Ptarnalianal Hussan des@otion ESampiium

= Tissue source cannot be determined

DiMa may not be relevant — casus! contact/transfer
= I victim and suspact have any COMIMon 300255...
Old cases may not be viable — handiing

= Mot for post conviction analyss
raraly useful for database searching
= An inteflezence tool

Pt wwe e-symipasium comy nurddferchie r

brucsbucowle.pha
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A Precautionary Tale

T T vy B 7T ety

What to look for in the OPCRE results.

Cr
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The Data

Muclear Results
= Cumnt e

v DA et bl clitveron
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v o ranulis

— ¥ Dpoarsifiler
v ey
— Y 5TRs
v O ok
v Pet POR mancenirate = § alefes
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What doas this maan?
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Examine these results YFiler. Are these true

alieles?
TET] ¢

i
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Lock at heignt. relstive position snd ROX lsdder

The report

v Norociesr orofile dos to insufficient or excaschaely dermanec DRA
+  Suspectis exckslec based on results for 2 of 27 ¥ 5TR markers
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The bottom line: May 12, 2006: DMA Security Report

1. Lowsignal levels zre bad because: i Sy = s sy
a  Theymay indicate low copgy # DMA = inconsistent or
misleading rasults — iz you cant determing when the
DA was placed
b.  Theyafien coincide with peak imbalance
C PCA and instrumental artifacts appear at thess
levels
2. Relying onsignal level to determine DMA quantity can be
misleading
a  Thers is wide variztion in signal strength of amplified
DNa, luckily the worst occurs at higher levels
k. tnhibitors and mixtures complicate interpretation S =
1. paak imbalance can ooour even in single source = ——ae- | ik —
samples due to inhibition and degradation P -

o | s

2. instruments can vary in senstivity

" Al

st B B W (s D e i s i

Other Issues — Real Time PCR

Real Time PCA follows the same rules as LON DRA. Low
levels of DMA will suffer from stochastic fluctuation,
reducing precisicn, both for the =ample and the
calibration curve

4. Y chromosomal DMA suffers the most from LCN as there
is exactly half as much DA present ineach cell
Multicopy real tma PCA will provide lower detaction
thrasholds

w

wm

i TTE R ——" T

B i scraie pliser dusis maisin|

Conclusions

* Be conservative in interpretation

— Set threshelds based on signal to noise and stechaistic
amplification |2 thresholds). Base these numbers on
controlled in-house experimants

— Understand that different instruments may vary in
sensitivity — s2t thresholds high enough 1o encompass
this variation

— Understand that even with such guidelines issues such
as degradation and inhibition can skew results.

* Leave room for the facts of the sample in your
interpretation
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Y STRs and QPCR

Human Genome
23 Pairs of Chromosomes + miDhs
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sequential detection of mtDNA and multicopy
nuclear DNA {Alu)
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What if there is 2 mixture with a large amount
of female DNA and a small amount of male
DMNAT

* Differential extractions may not work if

— Large differences in DiMa quantity between male and
female exist in rape casas

— Wasectimized males

— Saliva samples

— Such sampées cry out for a male specific marker

Different Inheritance Patterns

| Lineage Markers |

(EOBES ST Lad |

nLew?

Lutasamal
lpciand cn in part,
Travsn all mrecat

Y-Chromosome
[padaed cn wmphste, bul
iy Ly wos)

Mitechondrial
(oasied o complate,
bt crly by Caugtten) |

ki, |14, AT s O i, £ i, P 11, 0 I o

Role of ¥-5TRs (and mtDNA)
Compared to Autosomal STRs

= futosomal STRs provide a higher power of discrimination
and are the preferred method whenever possible

= Due to capabilities for male-specific amplification, v-
chromsame STRs [Y-5TRs) c2n be useful in axtrame
female-male mixtures (bite marks, touch samgles, etc)

= ¥ STRtyping can be very sensitive as the kit is designed 1o
detect mixtures of DNA
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tmportant Questions Can Be Answered with ¥
Chromesome Tests..,

e e,
toseed i gose=d Test Lo be

suin I Danh Vades =
really my father_

We have the same Y-
STR haplotype..

When will Y testing be used

=

. When regular 3TR testing fails indicates little
mzle DNA is present

2 When male saliva is collected from a famalzs
bady

3 In @ mixed bloed stain —male cuts himselfin a
stabbing of & femals

4. Fingernail dippings, touch samples
5. Ligatures around strangulation victim.

Sample collection will be important in such cases
2nd GPCR will assist greatly in determining value

Traits found on the ¥ - Chromosome

En Eaily ¥-Chir
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Advaniages!

Y Chromosome S5TRs

1. Specific to males {inherited solsly theough the male-line descendants. Non
recombiring.

2. Differestial extraction ba rape ks 2 URNSLESEETY.
3. Men cosmmilt the vast enajority of vlolent orimses,

4, Because they don't recombine, ¥ chromosmes retain a unigue genclogical
record of mutations in thelr jenk DNA

1. Uke entDM &, skatistics are based on database sine.
2. Mibmed profiles can bs diFficalt f0 Interpret stasistically

3. There are ocld ksswes with the ¥ chromosome: dupSications, defections are
poasible - la

A, ‘Whesn sample limited choives must be made- sutosomal, ¥ meONA7?

THE HURMAN ¥ THROMOSOME:
AN EVOLUTICHARY MARKER COMES OF AGE
Mz & Jobling & Chriz Tyler-Smith
Nodere Reviews Genetlos [2903) 4, 538612

Abstract

Until recently, the ¥ chromosome seemed to fulfill the role of
juvenile delinguent among human chromosomas — rich in
junk, poor in useful attributes, reluctant to socialize with its
neighbars and with an inescapable tendency to dagenerate.

The avsilability of the near-complete chromosome sequence,
plus many new poalymorphisms._ now provide new avenues
for imvestigating human evolution. Y-chromosome research is
ETOWing up.

Issues surrounding the ¥ chromosome

* = 50 Mbazes lorg [thirg smallest after 21 ard 22
+ Contairs 90 -300 zenies
* 23 Mbases have been sequenced, the rest consizts of highly
repetitive DR, dfficult to sequarce [Heterachromic region)
= 554 does not combine with the ¥ chromioeome, 2 regions at
the tips however da, PARL and PAR2 (Pseuda autoscmal
regan)
* The midde portion iz known 35 the male specic regon
— lt used to be called the nen recombining region, out in fact
it recombines with itzelf, and much sequence hamalogy
=wists viz Dack anc forth gene corversion
* Avarieny o.‘q-\_![neti: dizezzes exist in which an X chromozome
iz damzzed. Thic crestes few problems to the mather but can
be deadly to 2 mzle zon. (hemophis is an example)

A e, i
2 I (B
Euchadriatic rgios Hmterachramatic regicn

frant yimmond )
e
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¥-and ¥-Chromosomes
and their interaction
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Classes of sequences in the ¥ chromosome

MEY Baglan - The sushromis mgas  J3ME weguansed of S0WE
K mardpcan
= G0 idential b Xo21, 3 coding genes on 3 portiam of the short am (3.4Mb)
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i ; The Meaning of a Y-Chromaosome
Difficult Questions...
Q Match
= ‘Which database(s| shou'd be used for ¥-5TR profile
frequency estimate determination? Conservative statement for a match report:

&re any of the current forensic ¥-5TR databases truly

: rit The ¥-5TR profile of the crime sample
i‘i‘:ﬁ:‘;g:‘:; refiale extimatinge of ¥ ATE aplotype matches the Y-5TR profile of the suspect (at

xxx number of loci examined). Therefore,
we cannot exclude the suspect as being the
donor of the crime sample. In addition, we
cannot exclude all patrilineal related male
relatives and an unknown number of
unrelated males as being the donor of the
crime sample.

— some individuzals share identical Y-5TR haplotypes dus
to recurrent mutations, not relztednass..

— |5 the datzbase a random collection reflecting v-5TR
haplotyps frequencies of the population?

— |5 the ¥-5TR hapiotype frequency relevant for the
population of the suspact?

. o T L
" Mypical Agplicetion of ¥ 5TR -2 | Pz zz.xor otz orozoaz TR
Wabew prodiler s wary Eificul = |
ot b ek ot the peinge grafin [ [ (|
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Froblems with Most Commaon Type (MCT)
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Conclusions

The ¥ Chromosome is a complex and interasting
piece of DNA

¥ 5TR typing while not as valuzble as autosomal
can provide results and statistics based on the
counting method

¥ DMA guantification can be used as a
presumptive test for evidence screening,

to determine mixtures and if autosomal DNA will
work

to determine the quantity of male DNA for ¥ 5TR
analysis
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Appendix 10: RT-PCR Introductory Examination

M=) UNIVERSITY ATA]_BANY Northeast Regional Forensic Institute

A Seame Univessity of Mew York

“Providing Forensic Science Educanon for the Criminal Jusrice Communine™
hep 2w albany.edu/nerfi

MNERFI: INTRoDUCTORY REAL-TIME WORKSHOP

Name:
Date:

1. What is the purpose of the guantitation step?
5 pis

I. What are the components of the Quantifiler Kit?
pts

ty

Reaction Mix —
Human DNA Standard -
Human Primer Mix —

3. Define C1?7
5 pis

4. What is the relationship between Ct and the concentration of input DNA?
3 pts

5. What can the IPC tell vou?
5 pis

6. In the real-time quantification, a sample shows no amplification curve for either the
sample or IPC. What could this indicate? How would yvou proceed?
S pis
A NoDNA in sample - either re-extract more sample or call the analvsis done.
B. Forgot to add IPC - re guant with IPC added
C. Inhibited sample - dilute out mhibitors with water or TE and re-quant
D. DA in sample 15 degraded - end analysis on sample.
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UNIVERSITY ATA]_BANY Northeast Regional Forensic Institute

e Stare University of Mew York

“Providing Forensic Science Educanon for the Criminal Justice Communigy™
he =ewse albany. edwerfi

7. In the real-time guantification, a sample shows no amplification curve for sample, but
the IPC amplification curve is fine. What could this indicate? How would you
proceed?

S pis
A Amplification failure — check 7500 and reagents, remun
B. Sample 15 mibited - dilute out inhibaters with water or TE and renm

C. There 15 no human DNA m your sample - remun quant or re-extract different part of stamn.
D. 5tandards made mcomectly - remake standards and remn.

8. The minor groove binder associated with the Quantifiler probe plays three roles, what
are they?
5 pis

1. 9.) What region of genomic DNA is amplified using the AB Quantifiler Human Eeal-time
PCR Kit? Where is this region located? What size are the resulting amplicons?

3 pts
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ﬁ UNIVERSITYATALBANY  Northeast Regional Forensic Institute

Srage University of Mew York

“Providing Forensic Science Education for the Crimmmal Justice Communio™
T ewse albany. eduwierfi

10. Draw a standard curve and answer the following guestions.
1ipts

a. Label where the 30ng standard 15 located?
k. And the 23pg standard?
c. Describe the three critenia used to evaluate the standard curve:

Slope:

Y-intercept:

Correlation Coefficient:

d. What valies are gctually measured by the real-fime instrument?

e. How 15 the concentration determined for an unknewn sample?
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Appendix 11: RT-PCR Advanced Examination

Assessment Advanced issues in Real Time PCR Name

1. Explain the issue of PCR efficiency and its effects on real time measurement.

2. Why are calibrations based on the log of the concentration of template?

3. Explain the difference between Plexor and Quantifiler Duo

4. What is the effect of amplicon size on the zbility to perform real time PCR

5 Explain two different applications for real time PCR melt curves
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6. For what particular casework are Autosomal/Y ratios particularly usefu

7. Explain the issues of ¥ STR sensitivity. Why are ¥ 5TRs assumed to be more sensitive if ¥ based
real time results are poorer?

8 Explain this statement: Inhibitors affect PCR melt curves, efficiency and Ct and final product
concentration

9. Why cant you quantitate DNA below its calibration curve?

10. Under what circumstances could a real time PCR result produce misleading results?
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Appendix 12: RT-PCR Course Evaluations with Feedback

JE) UNIVERSITYATALBANY

Stare Univessity of New York

REAL-TIME PCR THEORY & CHEMISTRIES

Flease fill out this evaluation form. Rate each of the aspects of this course by circling the appropriate

Jan.6, 7 &8, 2010

Attendee Course Evaluation

number. Comment as appropriate.

Course Overall

Poar Excelient | Comments/Suggestions
A lof of materi@ i @ short amount of time
4 = srough ook &t RT-PCR & comparkon of systems
A 1 2 £ J Sklp somie of the slementasy nformation
12% 0% % Familar wish Infrodustony matens, 3 few ioples wers imformative.
| wisn Or. McCard had more fimel
Speaker: Lucy Davis
Boar Excebent | CommentsSuggestons
2ood conclse overview of histary of SAA guantiation,
B 1 ) 3 4 5 Spent 3 ot of ime comectly what sha praviously 53id. Also spake loo skowly.
a0%  45% 15% Exzzlient at sescribing complex concepts and making therm undersianoabis,
Speaker: Bruce McCord
Poar Exceliant | CommentsiSuggestions
= wary Irerasting.
c 1 2 4 3 Make sure skdes mateh handouts, very disiracing. 3
a% 42% 0% Informalive slizss provided muitiple uses of Real-Time PCR
Speaker: Jamie Belrose
B Excetent | CommentsiSuggestons
Seemed comforiabie and very knowledgeatie wilh subjsct
ol 1 7 3 4 5 Speak slower 3
10% T0% 0% Bood explanation of calbration of real-tme eysiem
Ery Knowiengeatis Wit subjsct matier
Quality of Audio-Visual
Door Excepant | CommentsiSuggestons
Some slides ha 1o read.
Elq1 =2 3 4 5 Same lles had smal font making i EMeut 1o ses
= 19% B9% 12% Some Elkies nad too much information.
Ciuality of Handouts
Poar Exceteni | CommenisiSuggestions
Information gut of s2quence with nandouts. 7
F 1 2 3 4 i & [zlie hard inoregd 3
4% 3% 46% 15% Small print.
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Continued on back

Facilities

Poar Excelent | Comments/Suggestions

Thank you for coming 1o Se2 us.
al 1 2 3 4 il
19% 62% 19%

Please Comment On:

Did the material presented meet your professional expectations?
atn an: ¥ = Mat FEEICLIEH}'— | mnught the matarial was covered In a far too hurried of & fashion. To2 much Infarmation covered at 1oa lT:FII! ofa face ba
I=am anr.nlng. Toliowed I:-y a far too @rMcult exam based on how the materal was |III'E5EI'IIEI!.

Yes, 3 lot Information was pl‘cl-.-l[ﬂd.

Yes — exgeeded. Greal Informiation.

g™ only - Yes, | enjoyed MoCord's lechure.

Yes. 12

Sura

Yes, | needed 3 refresher on the mndamer:ﬂscrqﬂl:ﬂ and this worked q.llbe nbely.

fes, wary helpiul Information.

Yes, at me a bif over my haad — but Informiathee.

What topic or topics did you find most useful to you?

The Infsrmiation on QPSR Inhiloibors.

Me curves, Flexar ve. Quant Tuo, Inhlbition — everything really. 2

Innlbitors, DA degradation — minl 3TRs, stochastic effects & threshokds.

The Inihioiion (CF, Tm, etc ) 2

LCH 3

Sackground and theary of realims and ather possiole wEes of the system.

Problems with low lewel RT-PCR resulis & downsiream applications

UnoereLanding why It I nECEEEANY / INE 130 C3n DEnSrs from otner \CNnooges of AT-PCR IN analyzing iow Ievel Sampies.
Ungerstanding mare about Inhibkors and how o read the different graphs on the RT-PCR Instrument.

Troublesnooting, advances for future, cument not topics ke low-copy.

LCN topies as [ relates to interpretation of DMA proflles, mistures and how to 3pproach sampies that '3l outside e oynamic range of deszcilon.
Tag-man explanasion.

The tneary of RT-PCR

Tners wera Interasting and applcatle points In each of the talks. 2

Real-Time software

Allhough thers weran' many — | enjoyed actual cass examples to relate to the data and Mndings better.

Would you recommend this course to other scientists?

fEE. ADSTILIENY. | would atend again too.

¥es. 17T

Depends on thelr level of educabion - Tirst 2 days only good for those [ust entering the Nield. Day 3 good for everyane.
Y5, good mix of ovendew and naw topics.

‘e, It ks very up to date.

General comments:

Lots of Imformation bn & small amound of fims.

Warth the trip fram Albany!

Thank you!

| don't think the fesis nesd o be shom answer. ThE}' shaukd be brief and mu I‘.IFIE chalee.

Permnaps a llttke mare time to fnlsh the material. Sne of the talks jumped around 3 lot making & dmscult to folow.
MoCord's lzcturs could have been IDI'IgEr and the Imr{:dl.c'.u']r material shortar,

Wery Informatiee.

Suggestions for future classes:

Mixture Intzrpretation

HMOW your audlenca.

Maybe some ime TDH[I:‘.IHEEI‘{:MII‘IQ and lak Esues | casewnrk.
CE Theory and Chemistry.
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Appendix 13: Leadership Assessment Announcement

HoSTHEAST RECIOHAL FOSEHEN INSTITUTE
U ERSTY AT ALBANY
1400 WARHINGTON AVENUE

NERFI i, Pty

The Northeast Regional
Forensic Institute Joun W. Hioks, INTERIM DISEoTOR

Leadership Assessment: Developing the Next Generation of Leaders
Two-day Forensic Science Manager Workshops
January 14-15, 2010 February 18-19, 2010

March 18-12, 2010 April 1-2, 2010

 ——————-""'"'"'"';'FF,,, ...

Sponsors:  Northeast Regional Forensic Institute (NERFT)
National Institute of Justice (NLT), Crant ¥umbers 2005-DD-EX-K301, 2008-DNEXE-172

Instructors: Dr. Wendy 5. Becker
Dr. Edward J. Pavur, Jr.

Location: Northeast Regional Forensic Institute, Albany, NY

Methods: Group discussion, case study, brainstorming, role play, readings,
review of literature, surveys, integration of ideas, next steps

The ASCLD-LAE accreditation requires leaders to respond to a multitude of management issues
that arise in labs. But many labs have limited opporiumities and resources to provide leader
development and fraining.

The purpose of this session is to provide leaders with an overview of tools and mdance for
assessing and developimg emplovees for supervisory and management positions. The mteractive
sessiom is targeted to lab directors, supervisors, technical leaders and QA/QC managers.

Session facilitators will draw upon “best practices” research in the assessment, development and
retention of forensic lab personnel Topics mnclude talent acquisition and retention, and staff
development. Specific examples will be drawn from the facilitators” reszarch including a
national survey of public zector labs, 2 case study of laboratory recruztment and retention, use of
a foremsic advisory panel for development of forensic intellectual capital, and examples
developing human rescurce metrics m labs. The session will be highly interactive and focused on
topics of interest to session particlipants.

For reservations, contact John Hicks: johnhicks08g@aol.com
Space limited to 10 for each workshop.
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Appendix 14: Leadership Assessment Curriculum

Leadership Assessment: Developing the Next Generation of Leaders
February 18-19, 2010

Sponsored by the NorthEast Regional Forensic Institute and NIJ
Dr. Wendy Becker and Dr. Ed Pavur, Instructors
Agenda

Day 1 9:00 am - 5:00 pm
. Welcome — John Hicks. NERFI Director

. Introductions

. A Case Study of Forensfc Scientist Turnover — Breakout and discussion

. Break

. Job Analysis: From Scientist to Supervisor — PP Presentation & discussion
. Lunch

. Challenges and Opportunities - Discussion
. Managing Inteliectual Gapital — Breakout and discussion

Day 2 8:30 am - 3:30 pm
. NYSP FIC tour
. Leadership Skill Development — PP Presentations
. Lunch
. Leader Influencing Behaviors

Cited Works

Becker, WS, WM Dale. 2003. “Strategic Human Resource Management in the Forensic Science
Laborator\,r Forensic Science Communications 5(4).

http:fweew fbi govihallabifsc/backissw/oct2003/2003 10 research01.htm

Becker, WS, WM Dale. 2007. “Crtical Human Resource Issuss: Scientists Under Pressure.”
Forensic Science Communications 9(2).
httpefweew fbi govihallabifsc/backissu/april2007 research/2007 04 research02.htm

Diale, WM, WS Becker. 2004, “A Case Study of Forensic Scientist Turnover.” Forensic Science

Commurications 6(3).
hittpefhwwew fiil govihgflablfsc/backissuuly2004/ researchi2004 03 research04 htm

Dale, WM, WS Becker. 2005. *“Managing Intellectual Capital.” Forensic Science

Communications 7(4).
http:fweew fbi govihallabifsc/backissu/oct2005/research/2005 10 research02.htm

Yukl, GA, WS Becker. 2006. “Effective Empowerment in Organizations.” Organization
Management Journal. Linking Theory & Practice: EAM White Papers. 3(3), 208-228.

Yukl, G. 2009."Leading crganizational learming: Reflections on theory and research.” The
Leadership Quarterly. 20, 49-53.

Department of Labor. hitp:Yonline.onetcenter.ora/
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Appendix 15: Leadership Assessment Presentations

How Does the Supervisor or
Manager of the Lab Differ from the
Scientist?

Discussion Draft

Tables De

Table 2. Forensic Lab Supervisor
Activities

All of the activities for the analyst, plus:

11. Anzlyzing Data or Information: Principles,
Patterns, and Facts

12. Communicating with Supervisors, Peers, or
Subordinates: Receiving and Providing
Information

13. Processing Information: Compiling, auditing,
verifying

206

Table 1. Forensic Analyst Activities

. Documenting/Recarding Information

. identifying Objects, Actions, and Events
updating and Using Relevant Knowladge
. Getting Information

nteracting With Computars

taking Decisions and Solving Problems: &nalyzing Scenes,
samplas and Situations

7. Communicating with Persons Qutside the Organization

nterpreting the Meaning of Information for Others

5. Evaluating Information to Determine Compliance with
Standards

10. Schaduling Work and Activities

oW o R R
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Leadership Assessment:
Developing the Next Generation
of Lab Managers

Dr. Wendy 5. Becker
Dr. Edward Pavur
Mortheast Regi E_ rensic Institute

February 18-19, 2010

Leadership

Is leadership an
attribution or impression;
oris it related to
effectiveness, emotion,
or morality?

Leadership means

helping your group
be more successful.

Skill Practice

We will use
Leadership Challenges we have faced
to identify approaches to leadership problems
that will be productive.

Leadership in the broad view
has two aspects:

« initiation of structure,
or concem for production;

and

consideration,
or concem for people.

Skill Practice Methods

- Case studies

- Analysis

- Practice (role-plays)

- Integration of Principles
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What common challenges
do leaders face in the crime lab?

Selecting new group members.

Evaluating performance; certifying
competence.

Contributing to planning and review for
activities, objeclives, and budgets.

Implementing unpopular decisions.
Making decisions.

What common challenges
do leaders face in the crime lab?

- Balancing mentoring with lab
caseload, backlogs, and efficiency.

- Coordinating lab work with the
objectives of outside agencies.
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VWhat common challenges
do leaders face in the crime lab?

Listening to concerns; reacting to
requests.

Resolving conflicts.
Helping the group meet objectives.
Developing talent.

What other commaon challenges
for leaders have we missed?
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Attitudes and Performance

Attitudes and Performance

Work attitudes have a reliable relation to job
performance.

ludge 2001, Psychological Bulletin analyzed 25
wears of research, including 11,155 articles.
Results showed that job satisfaction predicts
individual performance.

r=_18 raw, .30 corrected, n = 54,417

Engagement and
Business Unit Performance,

Harter 2002, Journal of Applied Psychology

Reviewsd results from 7,939 business units and
found engagement related to composite
business unit performance.

* r=_22raw, .54to .63 corrected.
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Influences on Work Behavior

r Culture ﬂ

Values

Behavior

-

Attitudes

Individual Employees

Ceneral Worl Attitude: Job Performance
satisfaction efficiency
involvement quality
commitment preductivity
engagement loyalty

Engagement and
Business Unit Performance

Harter, Wagner, & Hunter (2007).
12: The Elements of Great Maonaging.
Used the Gallup archives, 1930s to 2006

10 million interviews from 124 countries, in 45
languages.

Identified 23,910 business units with
measures of engagement and business unit
performance.
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First, they found
key differances in engagament.

Engaged: These people look out for you.
Mot Engaged: These people coast.
Actively Disengaged: These people get even.

Cver time, people become less engaged.

Engagement is related to:

High customer ratings * Low cheating and theft

High productivity * Low turnover
High profitability * Low absentesism
Better safety

Slightly greater

creativity

Effective Managers

Effective managers focus on work elements
that the manager can influence.

For example, rather than trying to make Mary
a maore conscientious person, the manager
recognizes Mary's best work.

210

Engagement and Tenure

Tenure: 0 vears Tenure: 10 vears
Engaged 39% 29%
Not engaged 40%; 51%
Actively 12% 20%
disengaged

Second, they found
key differences in managers

* Effective managers get the work done with
the people they have,

* they don't try to change their personalities,

* but they capitalize on the skills that exist, not

on what the managers wished their
employees could do.

Third, they found
some work conditions were related to
employee engagement.
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How does this apply
to the forensic lab?

* Forensic Lab Managers might be able to
influence the attitudes held by some of the
employees in their labs.

* As a Manager, you can focus on a few high-
impact areas for the Forensic Scientists who
work for you.

“My Coworkers are Committed to
Doing Quality Work.”

Encourage Cowarkers to be

Committed to Doing Cuality Work

“We value the same things, and
those things lead to quality results.”
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For Example?

Initiate structure
— Quality

— Progress

— Self development
Consideration

— Recognition
—Valuing opinions

— Caring about employees as people

What examples do you have?

What opportunities exist in your
lab for improving attitudes?
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Leadership means

Leadership Perspectives helping your group

be more successful.

Leadership in the broad view Leadership and Results
has two aspects:
Froduttion
* initiztion of structure, Ceganliation Citissn
Tirpalts Hirkifes
or concern for production;
[TFTE] Eatm i
i Fromun E N— Focus
Basulis “.::::]-"
* consideration,
Feaik
or concern for peopie.
et ad P LU0 0 - o Lroe i | D

Grow from Compliance to Quality to Innovation : ; : i
i Yy Classic Leadership Viewpoints

Henri Fayol
— Administratien performs five Functions
Mary Parker Follett

— "Responzibility resides in the situation,
not in pecple.”

IMiaur foy of inlt|athnae

Frederick Taylor

— Management is responsible for
Economic, Emvironmental, & Social Benefits Eystematic operations.
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Most Influential

Three specialist groups ranked 71 key contributaors
to US Management. Specialist affiliations:

1)Business History and Economics,
2)Academy of Management, and
3)Management History.

Whrar, D, & Hay, B |1977]. Managemest kinaries and Buslrea hasdan: DPlerlag
sareaplion of slensar enlrbuten. Academy of Mansgeeses! faareal, M, S70-478,

Situational Leadership Theory

Tannenbaum and Schmidt (1973)
Hersey and Blanchard (1988)

A contingency theory that focuses on followers’
readiness; the more "capable” the followers (the
maore willing and able) the less the need for leader
support and supervision,

i
wize  Supsnision Requirsd

Wkl Cemral Towripion Siageal, Chls Siais
imdn ww) frond ww) TR vhE
Sappraang
Coambing Pat
Dslagting [AT—
Recoguoin Happert

il e
Frmuding
sy
e Acviceenar,
Crafic, | i
Tefiog T l.nir!.ll.:;:r::llnl'lul
Dvecasy
Clwifuag
r— Mmgemet Ferctizes
P P, Ogios, Comurard,

ook, Cobnl

Frablir Sebaay Fonpe| Tnitintios of
InfesTing ayprirn md Moz Birucnee
[rmer—— [Tarplee]
Fearisvin,
P Untereal ligisrn
tasriuciog.
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Who contributed most to American business
and management thought and practice
in the past 200 years?

Mumber of first place votes:

51 Frederick Taylor
9 Chester Bernard
6 Thomas Ediscn

4 Henry Ford

General Leader Functions
Gary A. Yukl {1987)

* Covariance among managers behaviors
(factor analysis)

* Similar content/purpose of managers’ duties
(judgment classification)

* Theory of managers’ functions

(deductive analysis)

Political Behavior

Influencing or
attempting to
influence the
allocation of * lllegitimate
rewards in an
organization.

* Legitimate
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lllegitimate Political Behavior

Deliberate, ruthless manipulation
= Extreme pressure

= Games

* Debasement

What Makes Some Kinds of
Influence “lllegitimate?”

+ Malevaolence
+ Ambiticn outweighs judgment

« "My own interests are more
important than those of the
organization.”

e = T T L L B

[==]

 Upward Appea

. Exchange

. Imgratiation

. Coalifion Building

. Inspirational appea
. Consultation

Influence Tactics

. Rational Persuasion
. Pressure/Assertivensss
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Games are a repeated series of exchanges
used by an actor on a targat, in which the
surface intentions differ from the
underlying intentions. The exchanges
seem plausible, but contain a hidden
agenda.

The actor may exert influence in order to
manipulate, control, weaken, or retaliate
against the target.

Power, Influence

* The ahility to get someone to do something
Wou want.
* Bases of Power:
— Formal, Legitimate
— Informa
— Coercive, Reward
— Expert

— Referent (charisma, status)

Influence Tactics
Long-term Effectiveness in the US

Higher Mid to Lower

v Legitimacy * Exchange
* Rational persuasion * Parsonal appeals

* Inspirationzl appeals " IMEr3tiation

* Consultation Pressure

Coalitions
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Loyalty and
The Management Role

Managers owe a high degree
of loyalty to the organization

Astra USA, Inc. v. Bildman, Case
No.5JC-10361 (Mass. Oct. 5, 2009).

The chief executive committed misconduct that
included tax evasion, widespread sexuzl
harazzment of employees, and attempts to
cover up the harassment.

Result of Appeal

supreme Judicial Court Boston, MA [S1C-10361)
on October 5, 2009, granted Astra recovery of
compensation it paid to Bildman during the
period of his disloyalty -- 55,599,027 in salary
and 51,180,000 in bonuses.
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Faithless Servant Doctrine

"[aln agent is held to uberrima fides in his
dealings with his principal, and if he acts
adversely to his employer in any part of the
transaction, or omits to disclose any interest
which would naturally influence his conduct in
dealing with the subject of the employment, it
amounts to such & fraud upon the principal, as
to forfeit any right to compensation for
services.” Murray v. Beard, 102 N.Y. 505, 508
{1886).

Initial Case

A MA Superior Court jury on January 30, 2008
found Lars P.E.Bildman liable to his former
employer, Astra US4, Inc. (Astra), for fraud,
conversion, waste of corporate assets, breach
of fiduciary duty, and sexual harassment of
Astra employees, and awarded Astra damages
in the aggregate amount of 51,040,812,
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Vroom-Yetton-Jago
Normative Decision Model
Leadership
Decision Making Should my employees participate in
this decision?
Participation Decision Features 1-5
* |z technical quality important (QR)?
* Canincrease - * Requires time and * |5 employee commitment important {CR)?
acceptance of decisions affort

Do you have the information to make a high
quality decision on your own [LI}?

* Can umcover resistance  * Can create conflict

* Can improve quality of * Can resuft in frustration
decisions v Cari bestrasstul is the problem well structured (ST)?

If you made the decision alone, would
employees accept it (CP)?

Decision Features 6-8 T A
r ) L - i
. M“EE T-H - ai
* Do employees share the organizational goals " ARk B —— |
in solving the problem (GC)? e o =ha ;.,‘-"?’_':-;' -
Ty Yau " L i)
*  Are employess likely to be in conflict about i lilmat! e =g
) = ] s
solutions {CO)? P E ___'-'F.,<W;.:. Ly
* Do employees have enough information to o ._E_&_H_“- e b e
make a high quality decision (51)? b iy S 5 — —a
3 =Gl
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Leadership Assessment:
Developing the Next Generation
of Lab Managers

Dr. Wendy 5. Becker
Dr. Edward Pawur
Mortheast Regional Forensic Institute (NERED)
February 15-19, 2010

Purpose and Importance

* ASCLD-LAB accreditation requires leaders ta
respond to a multitude of management issuss
that arise in labs.

* Labs have limited opportunities and resources
to provide l=ader development and training.

Northeast Regional Forensics Institute 80~ iy
— =

-
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“Soores of taiemted and dedicateg people
serve the forensic SCIENCE commUNEY,
pemaming vitaty imporant work
Haweyer, ey sre often constained by
LBCK Of SOEQUSIE "BEOMNCES SoUnd

poilicies, and natona) sy 3

Strengthening
Forensic Science in
the United States:
A Path Forward

It 5 Ciear fmaf change and ATvancements,
both systematic and scienimic, ae
needed n 5 numbar of forensic soiense
aiscinines i ensure the revandty of
wark, extElsh enforoeanie sEndands,
and promote bes practioes wilh
consteEnt Sopicaton.

ETHLNOENEN I
LLITT IEHOE

Comsdies o dorifag b hesds o S Foansiz
Srmsces Czmerarhy Corvniss on Apphez and
THzzrEsze: SEnidcy, Ketorel Arspwcs oz

Purpose and Importance

* Toidentify management tools 1o help develop
managers of technology-intensive jobs

* Participants: lab directors, supervizors,
technical leaders, QA/QC managears

= "Best practices” research in the assessment,
development and retention of forensic fab
perzonnel. Topics include talent acquisition,
retention and development

Agenda

* Thursday, Feb 18
* Friday, Feb 19
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- FORENSIC CTENCECOMNUNICHTONS

A Case Smdy of Forensic Scientdst Turmover

Critical Human Pesource Issues: Scientists
TUnder Pressurs

Ianaging Intellacmal Capital

Smaregic Hunm Resources Managemsnt

Selection System Phases

1000+ applicanis
730 previous job experience/relevant degree
400 interviews
300 background check
150 drug, polygraph, integrity tests
53 hires

Reasons That Forensic Scientists Leave

* Personal reasons (spouse, family issues)
* Salary

* Career advancement

* Pursue advanced degree

* Better facilities elsewhere
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-Case Study of Forensic Scientist Turnover

* Large Mortheastern state forensic lab system
* Implemented new staffing model
* 53 forensic scientists hired year of study

Looked at retention of new recruits

New 2-Tiered Staffing Model

Scientists train apprentice-type program

38 of 53 positions filled by technicians

Within one year, 16 new hires |eft
organization

Froposed Savings: 31m

Turnowver Costs: 5850 [conservative]

* Reviewed exit interviews

Re-contacted lost employeses

Lessons Learned

* Employes turnover is costly
* Realistic Job Previews (RIPs) critical
* What are strategies for employee retention?
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Skill Practice

Method

wish-basad survey
250 American Sodety of Crime Laboratory Directors (ASCLD)

48 items groupead into six sections: demographics, caseload,
recruitmant, turnover, retention and performance issues

reminder email two weeaks after the initial request
Follow-up phone intardiews

Suresy Results -

Do pen - anias aad sty =

FiDvabin 2 s G 1R E] Cppcilan las] wa |
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Acw citat o0 ceetd ot b atoaa - )
Lonim e 12 b o D
s A 12 e el = [
Hime vt laba” - "
B el o e caviaed Neede demabae? - i
Himi abadoe pragara ba e de vl - )
[T ——— CT T
o ] ] WO Gk T vl B e e P g - ni
L ey P T T E T na )
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Critical Human Resource lssues:
Scientists Under Pressure

Mational Survey

Document basic staffing issues in public crime labs
Retention strategies

Lab capacity [ level of ocutsourcing

Performance pressure on scientists / capacity

Survey Results

55 responses (22%)

Populations sarved range from 58,000 to 22 million
Average systam 5.4 labs

Pay (non-supervisor scientists) 328,300-116 000;
average 559,087.

#ga of oldest case 0 to 480 months; average 28 months

Pressure to Perform Increases

With # Cases
Forermle acbemibi re prosores be comshes coset e S me s man e aaze
Forerokc achamiints ar premscres b comiskee casen 1o gaickly - |
Foreralc acharibis sre proscrec o gat 8 perbiccler rmut A3yee

=% Comaution b agniicant s the 2,00 vl (2aaies)
= Comelabion b akgniicans st the 2,08 beve! (Z20ked)
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Lessons Learned

First national survey to sttemnpt to identify critical staffing
igmues faced in pubdic forensic science labs

Serigws staff shortages

Labs need additional soentists to meet our standard of ona
scientist per 30,000 population.

Relationship between current staff caparity and amount of
outsourcing cases 1o private fabs.

Lessons Learned

= Interestingly, in mamy cases ane would predict thatas

productivity increases, the pressure to complete a cass would
dacrease.

= However, we found refationship betwesn capacity and
pressure to perform

= Vicious cycle; as capacity increases .. having time/resources
decrease:
= havitgg T praper equipmant i do the job
= havieg anough Bme b pedorn e job
® hawlrg adaguibs feaooree 0o 4o B ol
= Fawirg anoughi Bree 5 prepace for couniicom Sebinoyg

Discussion

Twio major reasons fior scentist turnover
= parzons ressons and ssiary

= This is cause for concern, as public labs typically hawve

extensive recruitment phases; in larger organzations,
recruitmant and selection take as long as 12 months to cycle
through.

Identified retention strategies

— hire peopie with & ink t the jocel ey

— provice fiexiole wark nours

— tarther educstion

— krain scientists in mtbpes discipiines

- cpportunity to-transfer to'cther iabs

List of poszible l[ab measures

Famarwam sy mw
Liwadrenm gy

A P E——————
L T e L
o st g

= Twaa ki

Leadership Research

Most Common Leadership Problems
Public Sector

St CuRTRG s talt reduiction Senell adminiztation

‘WicrEiond noreatelnorEroIze frasze Comater training
ang reductan atety regrame
ExcmsEue NEART CANE CONIE AN0 SKE mouficient funding

leave Crildzars

Tralwrg program eyvaiadon

EEQ comEliance

Affimative actioniduers Ry programs -
= I managamsnt resisiance

Comupeier reporing programs

Compatitie salsriss In l=chnics
areas

Teminating Insffectve empioyess
rjury compensation cosis

Unicn. demands

rvald perfemance apomisals
rasaciive pay Tor pertsrmance

(Solrcs: Sarnandin, 2010)
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Skill Practice

Think of the differences between a time ...

... when you attempted to lead a person or group
._.when you successfully changed the behavior of a
DErson Or group

... when you effectively changed the behavior of 3
DErSOn Or group

Most peopie can become effective leaders in the
right circumstances

Lzadership iz “more than” possassion of specific traits
mModern theories of leadership biend duties of managers with
effective leadership
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As Leadsrs We Are Mot Always Successful

- Attempted leadership — Person A attempts o change
person B's behavior

» Swecessful leadership — Person B changes his! her
behawvior as a function of person A's efforts
Effective leadership — Person B changes behavior as a
result of person A's efforts; person B mare safisfied.
befter rewarded and attains a goal of mutual importance
to person A and B

(Seura Bass 18ED)

Leadership — More Complex than Managing or
Supervising

= “Manager” and “Supenvisor” are job titles

— |miply tasks or duties

— Diescribe “what” needs to be dons

Leadership refers to social-psychological aspect of the
role of supenvisor'managers

— Diescribes “how” tasks/duties carried out

— Implies “changs in behavior”

— Diepends on “followers” executing plans

18 Broad Dimensicng of
Managerial Rezponsibility

Duiding, directing, mothling

Cammencalng eTecikaly and
siboidinases

ke ng othars rommad

Training, cosching. deveboping Fapesaiing fia cigan zal o ioihe
subordinases bl

Dl gating Fasialing o reach goals
Influesingseling Harsding cfises

Mamntaisnyg goot werkng Crganzaiona’ Lo i
Felabionship

Coondinatisg seberdisalers and
S RS 0UICES 1D gl the job
deny

Flasning & oeganizing
Crcsion makng and piobism
sk g

Eaffng

Mosponng and cosinolng nesouras

Technzal proficascy
Administtion and sasaracik

Cabecting and inleronet ng dals

[Source: Ewrman & Brush, 1333)
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Leadership/Management Connection:
Eroad Dimensions

* Note that £/18 dimensions related to leadership
— Effectively influencing others

* Borman & Brush (1%93) research based on wide
range occupational zettings: police departmeants,
manufacturing, hespitals, universities, armed
services, high-tech firms

5ic] Reguirsmenc: at Mazagerial Lovels (Mamfzrd o al. 20070

Managing intellectual Capital

« |fyou can Measure it, you can Manage it
* Forensic Advisory Board
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LeadershipMlanagement Connection:
Skill Requirements

= Strategic
= Highty concepical skls raided 1o bk & S perspeotiae 1o undersiand
oo Ay, Sl waih amguity and e ca cihers S
— ENE vsizang spslami peno, idantTratns of down Slan™ COnboeniuE,
‘il:-ud;?m* M:ﬁ.ﬂi pmdunrumn SO appreieal Chyecte
01

= Businezsz
= Epect o shits sdated o specTic fusctonal consesd.
= End: gl of il pe e e, S neal Teksd e, cpealioss
ansyEn

= l[nferpersanal
— lteisractiag wih and nfluecieg others
— EWE SOk PO RS, SOSISNEDIN, RAETIEINN, POSaLn
= Cogntive
= Foumation of lsadestip
- Skl cclecing, proceadng dssamisadng nk, bamin, -:sf:unﬁ:. acdta
g, weing md.u\::xn'c'mumm'llﬁ[ﬁm.ﬂliu thinking »

(Bacron: Mumised w el 2307}

Leadership/Management Connection:
Skill Requirements

« As one moves up the managernial ladder:
— cognitive and business skills become less
important
— interpersonal and strategic skilis becams
mare important
— both business and strategic skills increase
with experience

Recommendations
Employee Performance Measurss
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implications/Future Research

= Increased reliance on private labs raises several critical
Guesons.

— Trenos towsard outsOurTing and privatization impac: puaic mos?

— Will public Isbs outscarce anly the routing, reduncan: pases? Or wil
continued budget shortialls altimetesy bring about A downsizing or
eyen the demise of public lxbs?

— SNouic 3 oifferent pey strociure De implemeanted Sar DNA anakyses
that take these issues into consicemtion?

— Showic B price be put on DA aaaises that can mouce or exclude &
czfzngant or free = convicted offender?

= ‘W hope to continwe dialogue in the forensic science
community for these important issues.
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Forensic Advisory Board

Simulates private sector Board; creates surrogate for natural
movement

Steve Eerr (Goldman Sachs) moved managing directors onto
boards, created joint venture with Hanard to give people
board training, set up action experiments, ob shadowing (ex:
Hawlett-Packard]

ntellectual capital from experienced active and retired
professionals various disciplines & academia; regular sudits
using ASCLOSLAB critenia;

Review maetings as follow-up for corrective action; regufar
phone calls, emails, creates new organizational culture of
coflaboration between staff and advizory group

ffective Empowerment in Organizations

Chganigsitos| Highly comraived fozad Eansrlined wd iow
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Guidelines for Participative Leadership

How to dizgnose decision situations

— Evaluats how important the decision is

— |ldentify people with relevant knowledge or
expertise

— Evaluate likely cooperation by participants

— Evaluate likely acceptance without participation

— Evaluate whether it is feasible to hold 3 meeting
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How to Encourage Participation

= Encourage peopls to express their concerns

» Dizscribe a proposal as tentative

» pecord ideas and suggestions

= Look for ways to build on ideas and suggestions

= Be tactful in expressing concerns about a suggestion
= Listen to dissenting views without getting defensive
= Try to utilize suggestions and deal with concerns

» show appraciation for sugzestions

What to Delegate

= Tasks that can be done better by a subordinate
= Tasks that are urgent but not high priority

= Tasks that are relevant to a subordinate’s career
= Tasks of appropriate difficulty

= Both pleasant and unpleasant tasks

= Tasks that are not central to the manager's role

How to Delegate

» Speacify responsibilities clearty

* Provide adequate suthority and specify imits of discration

= Specify reporting requiraments

= Ensure subordinate aocceptance of responsibility

= Infarm others who need to know

= Monitor prograss in approgriste ways

= arrange for the subordinate to recene necessary information
* provide support and assistance, but avoid reverse delegation
= hake mistakes a learning experiance

General Guidelines for Empowering Managers

= Involve prople in decisions thataffect them

= Coarify mosis ane cojectives and explain how the work is rejstes

= Delagate responsinility and suthonity for important work sctivities

» Teks into considerstion indivicual citferenoss in akility anc motvation
= Frovide =cozss to relevant information

= Frovide the resources naaced for new work responsibilities

= Rezlign managemens syst=ms comsistent with smpowerment principles
» Remipuve buresucratic constraints snd unrecessary controls

= Express confidence and trust in pecple

» Frovide coaching and advice on a timely basis

= Encourazs anc support initiative ang probiem soking

= Recognize importsnt contributions and achisvements

= Ensure that rewards ane commensurate with new responsibilities
» Enzure aocourtability for the ethical use of power

How Leaders Enhance
Organizational Learning

‘Question tradional methods; ook for mone effective metnods

Articulate inspiring vision to gain support for innovations
Encowrage & faclitabe acquisition new skills
Hedn dewelop shared mentsl models about cause-sfiect reiationskips

* Encourage social neteorks faciitste shared knowledge

Hedp people recognize when important kearning has occurred
* (Eain extemal SUpPOrt funcing major inftitives

Encournge experiments

Encourage teams” afber activity reviews

*  Encowage racognition when initiative is failing & should be sborted

*  Creste decentralized subunits with suthoriy

Sources Vb, G {2000) Lewsing sepemizetnal lewrrisg, Crdesi Svorberty

Influence Tactics

* Rational persuasion Collaboration

* Ewchange Ingratiation

* Inspirational appesl Consultation

' Legitimating Personal appeals

* Apprising Coalition

* Pressure

[Soaroe: Yuk, 1008)
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Appendix 16: Leadership Assessment Course Evaluations with Feedback

Leadership Assessment: Developing the Next Generation of Leaders
A Two-Day Workshop for Forensic Managers
January 14-15, 2010

Northeast Regional Forensic Institute (NERFI)
Funded by NIJ

Participant Event Evaluation

Plzase fill out this program evaluation. Rate each of the aspects of this workshop by circling the

appropriate number. Comment 25 appropriate.

Program Cverall

9 Responses

Poor

Excellent

Comments/Suggestions

We had 3 great group - e chamisiry was graa:
1 2 3 4 g Exzcellent program
A 2 7 Great leas
# Reapansas < Lied .. format In group sating
Yo 22% T8% | wel-thougnt gut. Wished we had more tme, maybe an adomianal day for bourdng WY Crme Lab
Maore time should nave been avallable for theory of leadershlp. Maybe theary covered frst
Speakers
Poor Excellent | Comments/Suggestions
Bath professlonal & knowlzdgeable
1 2 3 4 5 vary good use of fime. SuperD speaksrs
B # Responaes 1 a Each of the 6peakers were very knowiedgeable and effective presenters.
a3 11% @gag | H9nly specialized in l2agarship development

Wery profeeslonal and great knowledge In maragement. Wil go back iomy office ta try the new ldeas
gleaned from this workshop. Wil kesp In touch.

Quality of Audio-Yisual

Poor

Excellent

Comments!Suggestions

c

% 1% 1

1 2 3 4 5

# Respongss 1 1 7

1% 78%

Appropriate
More videos to show goodibad leadership followed by discussion

Quality of handouts

Poor Excellent | Comments/Suggestions
Fapers warz very nelpful. | hag & olt of roubia figunng oul what slide we ware on In the handout.
D 1 2 3 4 5 | so'many siides missing from hanzouts. The presentations jumped from shide to slige In totally oMferent
el handouss.
# E;B ponses 1 - & Great regounces of published amicies | can use.
o i 22%  E7T% very Infomative and halpful
Facilities
Poor Excellent | Comments/Suggestions
coLn!
A 1 2 3 4 5 [ verygoac
! # Responees 1 1 7 Emapl;g;c:l: temps!
omtortable room
¥ 1% 1% 78%

Proximey 13 the airport for ihe notel and university ks supern!
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Please comment on:

Did the material presented meet your professional expectations?

Yas — Very helpful

Yasz — greaf | would highly recommend if fo the other labs.

The matena! did, for the mosf part, meef my expecfations.

Yes

Yes. Wil give me more apltions, fo implement some of the ideas in my work place.

Yasz. Buf | am sure the matensl will improve with further courses.

Yaz. I'm waking away amed with some valuable management tools fo uwee. | have opfimizm they will work
Yes. The speakers, Dr. Wendy Backer and Dr. Ed FPavur were most effective and professional speakers. Enjoyed the
interachion with the participants. Greaf expenence.

Yas. Wish thers was a litfle more Hime on day.

What topic or topics did you find most usefulfinteresting/novel ?

All of it

Leadership fopices and solutions to the management issueaichallangss broughf forth by the parficipants.
Gary Yukl'z theary

| can uze thege in...my wark.

The last role plays.

Role play

Vizit to Albany lab was excellent! Thanks for re-aranging the workshop schedule fo accommodate the four.
Matenal on influencing atherz

General comments:

I fruly enjoyed the fraining.

Friendiy staff, great workshop

Thiz course could be very halpful fo people aspiring fo be 3 leader'manager insfead of mare expenenced managers
The tactice et shouwld be provided & discussed affer the role plays. Such discussion would be more useful

Group discussion was very heipful

I'm going to recommend thiz to my collesgues.

Thank you fo Or. Becker and Dr. Pavur. Thank you, John & Katherne. Thank you, NLJ for the opporfunity given us. Iz
thers 5 Part ll. We'l coms back.

Kaep four of crime Iab included’ Like group projecizdinteraction & to hear from each other, iike amaller group size. Could
uge & management clazz each year az 3 refresher & for general dizcussion.

Suggestions for improvement:

Thanks

Turn up the heaf!

Another day24 hours sadifion to thiz workshop will work better.

Add 1 day. More on Evaluaiing Employee Performance

Having more praciice & leadership examples/case scenarios with suggestfions on fhe best way to handle cerfain
situafions.

Temperaturs of room! Print sgenda. X-fra paper for notes or fell people to bring paperipens

Thanks for your input!

JE) UNIVERSITYATALBANY

Al e University of New York
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Leadership Assessment: Developing the Next Generation of Leaders
A Two-Day Woaorkshop for Forensic Managers
February 13-19, 2010

Northeast Regional Forensic Institute (NERFI)
Funded by NLJ

Participant Event Evaluation

Please fill out this program evaluation. Rate each of the aspects of this workshop by circling the

appropriate number. Comment as appropriate.

Program Overall

10 Responses

Paoor Excellent | CommentsiSuggestions
A 1 2 3 4 5
' # Responses i o Wery useful topics covensd
%o 10% 90%
Speakers
Paoor Excellent | Comments/Suggestions
B 1 2 3 4 g Wery knowledpgeable!
# Reapanaes 2 ) Very wel-presented. They know their stuff
%o 20% BOD% | The instructors prompted very thought-provoking discussions in a very safe envronment.
Cuality of Audio-Visual
Poor Excellent | Comments/Suggestions
1 2 3 4 5
c . 1 - 7 Short, often didn't match hand-outs
Eaponass - Some PP do not match handouts
%% 10% 20% 70%
Quality of handouts
Poor Excellent | CommentsiSuggestions
o 1 2 3 4 5
# Rasponess 2 1 Some PP do not match handouts
Yo 20% BO0%
Facilities
Paoor Excellent | CommentsiSuggestions
E 1 2 3 4 5 | Room temperature fuctuates from celd to hot — not consistent
- # Responzes 1 2 T | Would have liked io have food at conference site
Y 1% 20% T70%
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Please comment on:

Did the material presented meet your professional expectations?
Yeax 7
Abzalutely. The workshop was wa)y above my expectations

What topic or topics did you find most usefuliinteresting/novel?

Beaing able to network and discuse izsues that other stale/countyjonvate labz face

Tha toclz far dizcuszing siiuafions on how fo gei whal pou need {rational persuasion. atc.) Inffluence fscfice
Having the chance fo hear firsthand, the igsuesz of other managers and how they lead in fheir depariment was very
educabionalinformative

Types of waye to influence people

Psychology of baing a leader, role playing

interactions with other participants waa very uzeful when dizcussing work [zaues

information on influence factice

Retention of emplayess/morals

influence factice & rolz playing with the group

General comments:

it was very helpful that so many in the classz are in 3 similar situation to me. Thank youl

Excellent course, would like to see similar aofferings

Greaf two day workshop

Wendy [Becker] iz an excelient aclive fistener. The focus on the izsues the alfendess are persanally facing makes the
clazz mare pragmatic buf l2zs nefrwctionaltheory'confent baaed.

Loved fhe inferaction with other people & lsam how they deal w/ sifualions, as well 35 fechnigues uzed un their Izba
Breakout seszions — grest fime to have one an one’'s & ahare sxperiences

Suggestions for improvement:

Mare time. Maybe sdd 5 day — many izzues will be generated by the parficipanis & more ime given o problsm soive
theze izsues

Less bregk-ouf sessions — mare prezenfafions

Langer

Thanks for your nput!

JE) UNIVERSITYATALBANY

Al Stare Dniversiny of Mew York
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Appendix 17: First Responder Training for Schenectady Police Department

UNIVERSITY
ATALBANY

State University ol Mew York

Northeast Regional Forensic Institute
1400 Washington Avenue, Biology 215
Albany, Mew York 12222
http://www.albanv.edu/nerfi

Schenectady Police Department
Crime Scene Analysis Evidence Collection & Packaging

Instructors: John Hicks, Lucy A. Davis & Jamie L. Belrose

Course Description

This course 1s designed to give police officers and other law enforcement professionals the basic knowledge of
crime scene analysis and review of forensic evidence including biological flmids they need to keep up with
today’s technological advances. Today's advanced teclmology has led to an exponential number of cases being
submitted to the crime lab. For this technique to be successful, it is imperative that the evidence be collected
efficiently. Missteps at this first stage can, and most likely will, have deleterions effects on the laboratory
analyses. By properly collecting and packaging evidence you can increase the probabilities of obtaining a
snccessful forensic result.

Course Qutline

00 AM Welcoming and Introductions
2:15 AM Crime Scenes & Crime Scene Evidence: Things to look for and what 13 most helpful to the
crime lab.
9:15 AM Break
2:30 AM Crime Scenes & Crime Scene Evidence - continued

11:15 AM Crime Scenes & Crime Scene Evidence - continued
12:00 AM Lunch

Feferences:
Crime Scens Investization: A4 Guide for Law Enforcemant, Japmary 2000, Technical Working Group on Crims Scens
Investigaon: MNatonal Instmre of Tustce; XWCT 1TE2E0

Crime Scene Investzation: A Fefarence for Law Enforcement, June 2004, Technical Working Group on Crime Scane
Irvestzaton: Matonal Insomte of Tustce; MCT 200160
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Appendix 18: First Responder Presentations

Evidence Preservation
NEEFI, ete_.

Collection:
Personal Protective Equipment

* PPE must be used
— Gloves
— Face Mask
— Hair cap
— Booties
— Disposable suit
— Protective eyewsar

Importance of DNA Integrity

= Safatyt
— Protect self from unknown biologicat fluids
= Frevent
— Centamination!!
* DA technalogy cannos distinguish betwesn DRA in
zample and DMA from cortaminztion
— Destruction
— Lozs

232

Sources of Biological Evidence

e ds

« Blood (nenudear DnainRecs)  # i:ix?":;
= Semen {gperm and other cells) fwm sl

* Saliva ifrom chaek & other cells in mouth)

= Bone imosthy miona)

* Hair {mostly mtoMA)

= SXin {usually in form of trace DNA)

g riagn o BT e e e s T L 1 Ao b

Packaging
Proper 1D = Proper Chain of Custody

= [t=miz must be ss-dried before they are packaged

* Keen evidence 3t room temperature!

*  WUze safe. leak-proof peckage (esaecialy for sharps)

= dentify with unigue numbers

* Date, sign or initizl to maintzic chain of custody

= Sources of touch DMA (ary chiject that has zrall amounts of DNS
from regular towching] can be swabbed and dry swabs packcazed

i)

oo b el b comiminel wages o 0L Kivann Esrvsa Tiesg Wil

Safety

Protect yourself from
biological evidence

The source of your evidence
may be unknown

If you don’t know who the
fluids come from, you don’t
know whether the fluids
contain diseases!

Blood can contain hepatitis B,
hepatitis C, and HIV

r =

-

-
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ﬁ* Destruction & Loss

* All evidence is valuable and must be protected

* The following will dgc reas#evidemlarv value:
— Living organisms {‘hactei, malds, msects, animals)
— Weather :on@jn@emp&@sr&,gumud ity, rain}

— The chemistry of a hostile environment |substrate at
the location, soil pH| B

— Superstrate (3 Covering of scil and its chemistry)

— The amount of time |'tera~cting*w§th any or all of the
above

Siluadiptad . USD01 Fomie Bavisar Tra wing Wadaind
o ek, A T g Tk s v e B T a2 5 b

COmbined DNA Index System—
COMmS
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ek fra
Contamination e

DHA evidence can be sxtremely valusbls, dus to
= goecifinty anc ERoueRnesy

= But the value of this unigue avidencs is LOSTif
evidence is cortamiratec

Use proper FPE ang techniques for putting on PPE

= Aucid touching fnends bo face [mouth & eyes
especally]

= Donot<ough o fReeze pear evidence

= Do ngt et near evidence

* Use fosceps and other coliection tools

= Becorefd with shenas —sendle =ad dispose o
with care

= identify biohaardous misterial in claarly labeieg
packazng

Fradwaa pmiage vaign 1w 15 Ve me i i a L) s LT ™m0 By

Elrrmariatiain simpilin
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What we're talking about today

2=

= Evidence
— Collection :
—Crnms scens [
= Types of evidence W
— Biological
- DMA

—Trace
= Hairs and Fibers

Role of the Forensic Laboratory

= To use science to support or deny
the victim or suspect's story
— The laboratory needs to know the total
history of what happened:

Mumber of suspects, previcus sexual
ntercowrse, exact onfices involved, time
between assauli and examination

Example of transfer

You ‘fou pet ¥You go bo
s tha dag wiork
doeg

fou sit
in your
chair

D EOE R e | "l "1
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Forensic Science

= Public interest

— Edgar Allen Pos, Sherlock
Hclmes

— Quinecy
- And now CSI, etc.

= Intrigued by darker side of
humanity

s Puzzles, cluss, solutions

We’re all ‘Pig Pen’

u Like ‘Pig Pen’, we carry
our micro-environments
with us wherever we go.
When our environment
comes into contact with
another, transfers oceur.

m These transfers are
indications of association.

NN D EOE N Ee e NN B Err wem|

Transfer Example

> Aol

Hairs from They transfar Like your

the dog from you ta chair...
transfer to your work
you area...

Indirect Source
(AtoBtoC)

Direct Source
(AtoB)
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Crime Scenes

l = Confirm what is involved

= Inventory consumables in crime scene kit

= Try to write the final report within 24
hours of completion of the scene

— Always try to take a minimum of 2
people

— Evidence bags, batteries, solutions,
fifrm

Collection of evidence

= From body outward

= Toward the body
— Batter for enclosed
Sregas

— Good For outdoor
SCEMSS

— Preferred if frace
evidence is crifical

— Take the searchin
grids or cirgle

N0 EOE e o

patiemns — Better if scene has
— Let the evidence been secured pricr
found led you o you arrival
further
| pareas
oL OS J Lo .
T R Drawings
= | i=ers]| w=Bestwayto
T == i’"‘ document scene
o I = Be apecific with
" 4 | measuremeanis
= —4 = Mote dlrectlnns_
+ m Can be used with
legends of collected
fl:- s exhibits
1 = = Does not have fo be
high tech
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Planning
|- l = Stop
e | = Look
o4 1 - m |istan

-

Ca not go in without

-,

a plan.
o Take a methodical
E approach
Photographs

= General to specific
= 90 degree angle

= Without scale

= Then with scals

= Remove lens cap
and check roll
advance

= Document what is
on 2ach roll

TWGSCT Guidelines

= Report can be downloaded from the
web:

= Call 500-851-3420

= Request — Research report "Crime

Scene Investigation — A Guide to Law
Enforcement

A EEOY wa| NN} R B e e hj—l.l-i
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Footwear

= Everyone wears them
= If they don't, they're leaving footprints
= HUGE varation in styles, designs, and types
= Cuality often dependent on substrate
— Material in which impressicn is made
= We all walk differently—creates wear

® Qutsole materials wear differently—creates
patterning

= What we walk on varies and damages sole
uniquely

Finding footwear impressions at the

CTime scene

= Be aggressive in searching for them
— Often overlooked or damageo

m Faiture relates to
— Thinking none will ke found

Er we | NN N BN wm|

— Incomplete searches of scens

— Zearches after trampling

— Shoe and surface combination not conducive to
leaving impression

— Intentionally destroyed by culprits

— Enwirenmental damage (rain, snow, =ich

Left and right shoes don’t wear the
same

T Ir =T
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Soles vary radically

Factors of wear on the sole

= Person’s foot type

= Occupation

= Habits

= Weight and body type
= Shoe construction

E Style

= Materals

= Surfaces walked upon

T:,"pf.'i of HIPress101s

s Dry

— Whan shoes frack across a dinty surface, the bofiom of the
sobes wil accumulais 3 coating of reslgus, I ihey then
irack on to & retatively clean surlace. that reslduz will be
deposiad in the form of footwsar Impregsions

L
3

— Mmade When a sNoe B = Wel or dama Sanetiute analher
category of impression

= Depreszion

— The term \CIEP.'\EES-E[I mark’ Is used 1o describe the
evidence an item of footwear leawves when rnaklrg contact
wih a cefarmatie surface, such as sod, sand and snow. |1
E ByNonymaoue 'with ke term three-dimensionat
Impresskon’

"I .l "1l Il -I-l-_i
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Collection—taking

Electrostatic lifting

= Applies electric
charge to plate

= Liffs dustidirt’deiris

= Retained through
aurface charge unfil
treated

= Can be powered
through sfun gun

W R R e e N0 EOE N e e

Results of examination

= Individualization

= Elimination

= Linking to crime, other scenes

= | ocation of impression

= Corroboration or rebuttal of alibis
® Classification, shoe size

= Number of perpetrators

237

Oblique lighting

F

Class characteristics
= Mike Air Dynamic Flight shoes

—I5A fotal all sizes 227 544
—Size 13, Black 8,136
— White 7,032
—Total 15,168
— Distribution to Georgia
= All sizes 8.570
= Size 13 423

m Can't use as statistics but good example
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Trace evidence - Hair and Fibers

= Can be easily lost or missed
= Get on your hands and knees and look

! — Decument location each are collected
B = After search is completed you may go back
I and do vacuum sweeping or tape fifts

I
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Tire print examinations
= Tread design
— Thousands of designs (~11,000)

= Passenger vehicles, trucks, off-road.
motoroycle, eto.

B [ire size

s Track width
s Wheelbase
- = Turming diameter

] s Re-treaded/replacements

Not all tire
tracks are left
on pavement

What can be determined from a hair?

B Human vs Animal
E Race

B Body Area

B Damage/Dissase
]

Comparison fo a
known sample

-l__-_-j_-_d
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I What 1s the person’s ancestry?

= African ancestry
= Asian ancesfry
s European ancestry

s Estimaticon of ancestry based on hair
characternistics may not correlate with
genetic or self-identity

Examples of fibers

= MNatural

—Wool, cotton, sitk, linen
s Manufactured

— Rayon, acetate, lyocell
= Synthetic

— Myton, polyesier, kevlar

D EOE R e | 11
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1
s

What area of the body 1s it from?

sHead — These carry the
_— “—=most information for

= Pubic MICroSCopIc

= Facial CoOMmparisons

mLimb

m Chest

m Axial (armpit)

Nl EOE R e 1R 1

Why Fibers Make Good Evidence

everywhere {readily available)

we're in constant contact with them
designed for a purpose (vanation}
fungible {life-span}

fashionable (variation}

easily tested {limited characteristics)

neaarly infinite combinations of traits
— Especially color
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Fiber characteristics

= Cross-section

m Color

= Polymer type

= Optical properties

= Voidsfinclusions

= Diameter

= Other properties
(metamernism)

Simultaneous Contrast

= The eye generates contrast to
heighten perceptual borders

— Important evolutionarity
Simultansoug cenfrast changes

apparent lightness and
l;!!

chromatic color in & direction
opposite to thoze of the
inducing background

— Complementary colors

Changes due to washing 50x
v [
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Perception/detection of color requires:

= light source
= phject
= pheerver (human or instrumental)

e £
- 2
L L]

Funny, the initial color match
seemed perfect.

vich a color bis ihe Ll
o Wi bt s husibe s o e racks

B b Wi Bin
1% cpaibe smeilics 1 maks o

N0 EOE B e

Significance

s Examples to think of ..
— Depariment store
— Public transit

= What are the

chances of two

non-associated

textiles matching?
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Textile Labeling

Fer T T
gentncation BAfa365
0% Mering woal Type of wool b=
?:Jm 0% viacosz rayan Type of rayon foer
S mrcroden Typs of polyestsr
] el i
i Care symiogt
Care nslructions Tt
@- Mame of the countryin
try at origin s
- | which Inz tabvic was
P M

Forensic Significance

m 700 types of glass in common use
today
= Can be individualized if fracture
match can be made
m Tiny particles are class evidence
=== _Analytically classified
= » Optical properties

] + Elemental content
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What Is Soal?

® Mixture of organic and inorganic material

= May range from 100% inorganic {sand) fo
nearty 100% organic {peat)

= Inorganic part is minerals

= Organic part is decayed plant and animal
material and is sometimes called humus

= Many fabs put soil in a big generic clazs and
say, "it's ali the same.”

Glass

B Tempered

— Auto windaows

- Enower doors
& Non-tempered
— Laminated giass

* windshiekd
- Archifeciural

* windoas
Headlights
Containers

Types of Analysis of Glass
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Broken Windshield Fracture Match

Glass breakage
f.ﬁl.

i

—

Afost of the glass is projecied Torward, I

Tty fne direction of the biow. Swt some af the
& frachures form initial)
& rum ot fram the Inur:"d' dragrnents wil be projected backwards,
"!-_“:,.' mel.::p::be sur';ce ficrwrands fhe person Dieaking e window,
Applen force, Than up B0 & dsiance of 3 mabers — Known as
L mmﬂ:'m:lum; Yo blowback'. Aryons standng close =nough
SE rum belwben She sadia wnizn e window reaks wili be covered
s bt il The ssiene side BN TATMEMS OF GIAES WRITh Wil SHCK
lalnl!ashlmpan. 0 ner Chainirg and their balr.

Introduction - Paint

Paint Cross Section

m Chemistry of paint very complex

= Forensic role is to compare paint
evidence from scene to known
source

= Individual evidence only in cases
where large enough paint sampies
exist to physically match

D EOE N e e

Tape

= May be source of
fingerprints

= Hairs and fibers may
adhers to the
adhesive portion

= Chemical
composition of tape
adhssive and
backing

The physical layer stnuciure of pain is important

W EE B e e AN EEVE wnm|
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What happens at a erime scene?

= |dentification of blood
— Documentstion of the scene and examination
performed
= Phofograph everything
= Use drawings, charts, everything
— Ewvaluation of stzins location

» Use of alternate light sources or chemical
enhancers

= Very important in bleod spatter inferpretation
— Figld identification of blood
= Presumptive tests

Collection of blood samples

= Scrapings
— Use 3 plece of paper, then foid the paper
- Donot sorape drectly nio an envalope
- Be cautious of this type of coflect due bo aerenis, and
bionarardous materials
= Swabbing
- Kieep the siain concenirated
- Cotion applicators [2-5ps)
— Batizr iocabzet It and not use then loss e $i|‘|'\l'|:|E

N EOE e | N BN N e e “11l 1

Collection of blood samples - Controls

= Subsirate controls

- Collzcted from area adjacent io 2a8in
Blosadalain
\'\
\.

Swab this wes o3 o conlial
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Collection of blood samples

= Collect it all

— Call the |aboratory if thers is 3 quastion

— EBvaluate the locaton of the staim and
probative value

— If in doubt of method of collection, cut it up
and bring in the entire abjsct

— Always use clean utensils when collecting
anything

:
-
|

Collection of blood samples - Controls

= Reagent controls
— Use distiled or stenls water

— Boftle water will dao - only if thers iz nothing
eize gvallable

— Do collect the sarmiple of whatever you use

Packaging, Transportation, Shipping

= Air dry all samples
= Liguid blood standards
— EOTA — purple top tubs
= Store in paper bags
u Keep it cool
— Frozen, refrigerator, air conditian
= Trangport to laboratory as soon as possible
= Documentation

TN NN EOE N e
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Chemuical Tests

s Testing of visible stains
= Evaluation of results
— These tests say that the stain iz
blood only - no species identification

— & non-reaclion does not mean that
blood was not there

NN EOE N e |

Chemical Tests

lI = Testing of Invisible stains

— Lurmina!
\ » Rzacts befter the older the stains
- » Be cautious of false positives
— Amino black
= Perman=nthy stains the obhject
— Flera-scens
= Evaluation of results
— Presumptive tests - not definitive identfication
B _ =ensifive for small amounts of blood

Lununel

Bre-laminal Past-lumingl

] — Wery good to lead you iz larger stains

Can you test blood after it has been

| fingerprinted?
® Chemical/substrate combinations
I —Super glue
= used on glass fabex, melal and pfastic
B _Ninhydrin

— used onfy with paper
—Super glue + Rhodamine
— used an piass, Diastic and katex
—Super glue + Rhodamine + black
powder

= uzed an piass, plasiic and latsx

What 1s Blood

= Red Blood Cells - RBC
— Approximately 4 millien in & single drop
of blood
— Basic cell of analysis in conventional
zerological testing
— Does not contain DNA

"Il

What 1s Blood

= White Blood Cells - WBC
— Approximately 7000 in a single drop
of blood
— Does contain DMA - is the cell of that
analysiz

“IE i, TE
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Species Origin
= |5 it animal or human?

- Iniferesting ponl In special casss
= How much do | need

- Conventiznal semmagy
- DNA ananysis

Semen Identification
= Spermatczoa
— The soiid part of semen

= Can be used to differentiste betwaen human
and different animals

= The portion of semen that contains OMA

T RO e

=1

Different issues in cases

=T}

Semen Identification
= Seminal Fluid
— The liquid porion of semen
= Chemical'enzymatic t2st can be perioemed o
identify this
= Thiz can be used to screen for the pressncs
of samen

= Zan be visualized by and atternate bght
SoUCE

- UV light source, Woods fight

Identification of Semen

® Primary indicator of sexual achivity

= Begin with the vaginal swabs and work
our way out
—Yaginal swabs, external swabs,
underpants, sheets, bedding. cther
= With successful analysis of semen,
limited further analysis will be performed

You never know what the story may be!
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Forensic Evidence Collection

® Penile swabs
— Can be collect if male is victim or
suspect
®m |s used to detect foreign DMA on
penis
= Collect 2 minimum of 4 swabs

Saliva Collection

= Bite marks or breast swab
= Wet one swab and swab area of mark
= Allow that swab to air dry

m Take a dry swab and swab original area
on skin to collect l=ft over solution on skin

-
1_
:

Urine

= Fluid - varies in concantration

— Can be detect AT TIMES when availabls in

concentrated amounts by chemical analysis
= Ifitis mot detected. it does not mean that it is not
present

— Only conventional serclogical analysis is by ABO
typing if available in concentrated amounts

— Epithelial cells contained within this fluid could be
used for DMA analysis - by PCR testing

Saliva

® Fluid from oral cavity that iz identified by
the presence of the chemical amylase
— Can be used to identify oral scdomy
= Can be detect AT TIMES from swabbing of
genital areas, breast area, bite marks,
penile swabs
= If itis mot detacted, it doss not mean that
something did net happen
— Epithelial cells contained within this fluid could
be used for OMNA analysis - by PCR testing

“18

Saliva (Buccal) Swabs

® Known Buccal Standard
—Can be used as a known standard
m Only collect 2 swabs
® Swab the inside of the cheek arza
u Allow to air dry

Perspiration
= Body fluid that can not be chemically
identified
— Epithelial cells will be present that may be
identified by DMNA analysis
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Other Physiological Fluids

= Feces
— [f it looks ke it it smells like it, it possibly is
— Wery liftle you can do to identify or type

= Tissue

— Zan be identified microscopically

— Can be typed by conventional enzymatc
testing

— Can be typed by DMA analysis

"l

Single Cell

Caniains 48 Chromasomes

m organisms
[~ ]

247

DNA

Deoxyribonucleic Acid
= Fundamental building block of all living

= Very stable chemical molecule

= Mo two people except for identical twins
have the same type

Egg Sperm

() @~

23 23
pieces of DA pisces of DA
[Chromosomes) {Chromosomeas)

The cell copies 1ts DNA and
divides into 2 identical cells

Then repeats the process over and over
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Baby Rapist is bom

The OHA in every c=il
of his body is identical
to the DA that staried
in that first sperm and
egg combinsd.

0 BN e e "1l .

Differential Extraction

= Vaginal swabs will contain both the
female's epithelial cells and male’s
sperm cells

s Separates sperm DMA from the female
epithelial DNA

= From one piece of evidence we now
have two DNA samples

Definitions

= OMA — Deoxyribonucleic Acid

® Locus — & single location (site) on the DNA
chain

= Loci — Plural of locus

= O75820 — & focation on the DMA chain of
Chromosome 7. I was the 320 site identified
sequentially

= VWA — Another location on the DNA chain
that iz referred to by iU's common name, and
not dezignation

A EOE N e e W EOE R e e

Match at Locus DESE18

Lene Congd Micam Buged Fomaln
Marke Frazion  Pemctn

Different types of
Evidence

= Condoms
thrown in
frash, on
fioor, in
tailets, in
pockets!

PEEUERRE & B e

Py imy,ee, S
jlimijnli-w
CTAgt g” = Autorad of the of DNA
@ ®» o profieatD55818.
sk 8 .=
' - - -
- - -
-I = g
- - - -
= - -
- - -
= -
- - .
- - -
- =
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The male fraction DNA profile matches
the suspects DINA profile at locus
D55818

AN EOE N R s

The frequency of
occurrence of that match is

1 person out of 25

What do those numbers mean?

M0x30x19x15x18x25x12x8x10
¥ 15x20x 13 % 27
equals

3,889,360,600,000,000
6,000,000,000

{world population)

Best Samples to use for
identifying unknown bodies or
bloodstains

-_d N EOE N e e

m Father of the missing perscn
B . \other of the missing person
I = Brothers and sisters of the missing
u Children of the person accompanied by
a sample from the other parent of the

person
L i
l children
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“18 T

What do those numbers mean?

10x30x19x15x 18225 12x8x10
15w 20x 13 x 27
equals

3,889,360,800,000,000

1 person in 3.8 Quadrillion

Paternity typing

= L=
= = - =
=3 = =
[ =13 L= L=
[=13 — [ =
=3 = =3
= - - =
f=—1 — [ =
= L =) =
o = r= - o=
[ [ =) L=
—_ _— —
-

= - - o
— L= —

Falter  Wofiee Thid 1 Thild (= B

=1 -l-_d

RFLP - Restriction Fragment
Length Polymorphism

® Used in the United States since 1987

m Accepted in every states legal system

m The technique has been found to be
very reliable and stable

® Only a couple of private labs can do
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PCR
i Polymerase Chain Reaction

v |

s Make copies of the DNA until you have
enough to analyze

m Based on the same procedures that
your body uses when it copies the
DMNA so the cell can divide

u Applied to forensic cases in 1991

Biological specimens you can
analyze with PCR

= Yery small blood stains

m Semen from vasectomized males
= Stamps and envelopes

= Cigarstte butts

= Hairs with a root end

= You name it, its worth a try

NN EOE N e e 1 _ i

] DQAlpha - PolyMarker

|
I |i e 0
lD|U.‘|l|lGl|Ul|ll”"'|

1

CoO Ce e o0 |
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Polymerase Chamn Reaction

I[l Cea zzrg of I8
v o -
AN
0 A
Secordoecde | I \\
o i
|

el copn of DA

Types of analysis by PCR

= DOAlpha - PolyMarker
DaA1-PM

EShort Tandem Repeats
STR's

DQAIlpha - PolyMarker

Frequencies of occurrences
will be between

1 person out of 1000
o
1 person out of 100,000

WD O R e e "1l
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DQAlpha - PolyMarker

= Has been fully validated
= Used on forensic cases since 1991
= [nterpretation of mixed samples

= No laboratory can to this type of
analysis any longer

"1l Il D EOE N e e

STR’s

Easier to visualzs
mixed samples

The sfandard DNA
analysis used by a1l
forensic laboraiones
8 Fully sccepted in the
courts

Allows you to
analyze up 1o 18
differant genetic loci
simuitaneously
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DQAlpha - PolyMarker
® |nterpretation of mixed samples

‘ u This is where a |ot of the overiurmed
DMA cases are coming from

i

Techmques are rapidly advancing.

Ty 1 a8 |

— 5

110 ety 1) Gam B 1T sy

Y -5TRs

u DMNA testing for samples that contain a
mixture of male and female DNA

u Only the male DNA type is identified,
therefore mixtures can be resolved

u Statistics are lower than standard 3TRs,
like mitochondrial statistics
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Mitochondrial DNA Analysis

= Highly specialized analysis
= Good for bones and hair shafts

= Only a few laboratories perform the analysis -
FEBI, Armed Forces laboratory, and a few
private labs

= Regional Public Labs — Anzona, Minnesota,
Mew Jersey, Connecticut

= Cost- 52000
= Maternally inherited

The curse of the
Forensic Laboratory
DNA Section

"I . e I BB B e e NN EUE e e

What can you do to help prevent
contamination

» Be aware

* Gloves and protective
clothing

Clean everything
Collect controls

= Documentation

252

Maternal Inheritance

What can you do to help
prevent
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All States Have Offender Legislation

or Federal Legislanon
{az o Tane 2005

. [ &= Felonc 323
[ [ Arrestsss (96}
. Boms Crimes (8]
oy Bl gy dales

Database Statistics
Az of Jume 2009

= Total number of profiles: > 7,409 920
— Total Forensic profiles: = 272,452

— Total Convicted Offender Profiles. =
7,137 488

N0 O B e e

Match between 2 casework samples

Unsolved case to
unsolved case

Unsolved case to
solved case

Date rape cases
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CODIS Architecture

o d
L _

DA profile is
developed from
the semen
zample

B Frofile is placed in
] the

Search iz performed

Lase work database
Contains DA
profites generated
from case analysis.
These samples are
from “unknown®

from a convicted
offender

Profile is placed in
the

B samples with in the

] databaze match

Search is performed
to zee if any unknown

to sees if any samples
B samples with in the
] database match
DMA profile is
developaed from Offender database
sample collected Contzine DNA

profiies taken from
persons convicted of
specific cniminal
offenzes
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Match between casework and offender

e 3
“ex . Clear a case by
~ F developing a
suspect
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Investigations Aided

Jme 2009
Total = = 31,800
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