The author(s) shown below used Federal funds provided by the U.S.
Department of Justice and prepared the following final report:

Document Title: Streamlining Physical Evidence Collection and
Forensic Analysis

Author(s): Randall S. Alberte

Document No.: 221527

Date Received: February 2008

Award Number: 2004-LP-CX-K048

This report has not been published by the U.S. Department of Justice.
To provide better customer service, NCJRS has made this Federally-
funded grant final report available electronically in addition to
traditional paper copies.

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.




FINAL TECHNICAL REPORT

US Department of Justice Grant No. 2004-LP-CX-K048

Streamlining Physical Evidence Collection
and Forensic Analysis
Submitted by:

Florida Guif Coast University, Biotechnology Research Group,
10501 FGCU Blivd, South, Fort Myers, FL 33965

DOJ Grant Manager: John Paul Jones

Principal Investigator

Ad &
Iberte

Professor
Florida Gulf Coast University
10501 FGCU Bivd, South
Fort Myers, FL 33965

(V) 239-590-7269

(F) 239-590-7120
ralberte@fgcu.edu



I. Introduction

The focus of research under Contract 2004-LP-CX-K048 was directed at two major thrust
areas: (1) Molecular Tools targeting improved methods and approaches to obtaining and
characterizing trace levels and/or degraded DNA for forensic uses; and (2) Analytical Tools
targeting the use and development of emerging or new tools in biotechnology that could be
directed at improving, streamlining, and enhancing the processing of physical evidence of a
biotogical or chemical origin. The key personnel involved and major accomplishments in both of
these areas are summarized in this report (Section ) singe experimental details were provided in -
me,q.ua@_rm%_pgt_s_, In addition to the key personnel more than 10 undergraduate students were
involved in different aspects of the research conducted. In Section III, we provide details on the
Work Product that includes publications (published, in press and in review), oral presentations,
poster presentations and patents that have resulted from the work effort to date. We also have
made significant progress in establishing partnerships/collaborations with forensics groups both
in the state of Florida and elsewhere (e.g., Forensic Laboratory, Fort Lauderdale, FL, Armed
Forces DOD Armed Forces Institute of Pathology, DNA Identification Laboratory, Washington,
DC, and Tennessee Bureau of Investigation, Knoxville, TN; See Section I'V and attached letter).

II. Summary Accomplishments

A. Molecular Tools

Key Personnel: Dr. D. Brown, Dr. 8. Coticone, Dr. A. Goebel, and Dr. M. LePuil

Major Accomplishments

» Developed new and rapid method for the isolation of trace levels of severely degraded
DNA from bone utilizing modulated and focused acoustics (Covaris™ E200) that yields
amplifiable DNA suitable for individual identification using standard methods
Streamlined DNA extraction, processing, and minimized sample handling
Developed new primers sct or degraded for mtDNA that target hypervariable regions
outside the D loop

e Developed a collaboration with the DOD Pathology Laboratory, Armed Forces DNA
Identification Laboratory to identify soldier’s DNA from burned bone fragments

The specific deliverables addressed in this focus area of the proposed studies are the
development of use of novel, modulated and focused acoustics technologies to rapidly and
efficiently isolated trace amounts of DNA from bones that have been burned or otherwise
degraded. Our studies addressed the need to be able to isolate trace levels of both nuclear and
mitochondrial (mtDNA) or trace levels of degraded DNA (in particular in burned bones) in a
state that is suitable for PCR amplification and individual identification. We have develop a
DNA extraction and processing methodology that minimizes sample handling using a very new
technology that exploits modulated and focused acoustics. This technology is provided in an
mnstrument made by Covaris™ Instruments (Waltham, MA) that allows for rapid DNA isolated
from burned bones without degradation of the DNA do to heat and/or sheer common to all other
DNA isolation technologies. This technologies yields high quality DNA from burned bones even
when DNA is only present at trace levels and is badly degraded. The isolated DNA from the
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burned bones obtained in this manner was suitable for amplification. The DNA was readily
amplified using commercial STR primer sets for diagnostic genes for DNA-based human
identification, allowing for individual identifications. Several presentations have been made on
the progress and accomplishments in this thrust area and manuscripts are in preparation. These
accomplishments are listed in Section IV.

B. Analvtical Tools

Kex Personnel: Dr. R. Alberte, Dr. J. Barreto. Dr. T. Beatty, Dr. J Biggerstaft, Dr. C. Coates, Dr.
8. Coticone, Dr. R Coty, Dr. T. Dubetz, Dr. M. LePuil, and Dr. H. Walsch-Heany

Major Accomplishments

¢ Developed the use of multi-spectral inferometry for rapid and sensitive body fluid
analyses on fabrics and other materials

¢ Expanded the utility of the ASI multi-spectral optics system to achieve multi-color (7
colors simultaneously) FISH detection and 3-D imaging for trace detection with
collaboration from the optics group at DOE ORNL

e Utilized modulated focused acoustics with modern spectroscopic methods and 4™
derivative analyses to provide a rapid and sensitive means for trace fiber analysis — dye
composition fingerprinting ~ that minimizes sample handling that reduces time of
processing analysis from days to minutes ,

» Utilized new high resolution Time-of-Flight mass spectrometry (TOPF-MS) technology
combined with Direct Analysis in Real Time (DART) to rapid (minutes) identify,
fingerprint and established longevity of arson accelerants

e Utilized DART TOF-MS technology to rapidly fingerprint and characterize body fluids
{salvia and blood) in collaboration with Jeol USA marker of the DART TOF-MS system

e Utilized DART TOF-MS technology to rapidly fingerprint and characterize inks
compared with standard forensic analytical techniques

We pursued the developed of several new analytical tools for trace detection and as a
means to streamline physical evidence processing. These included the development of rapid and
" sensitive means for fiber analyses, ink analyses, accelerant detection and characterization and
body fluid detection and analyses. More recently we expanded our investigations of fiber and ink
analyses and these data are provided below in Section I11.

The Applied Spectral Imaging Microscopy system provides the technology for addressing
the issues discussed above. By acquiring the full spectral signature of common surfaces (i.e.
background) and the full spectral signature of several substances sought after in crime scene
investigation (i.e. specimen), it is possible to build a library that can be used as a reference when
analyzing an unknown sample. The ability of spectral analysis with the support of this library
allows accurate detection of important trace substances in-situ, with significantly reduced sample

preparation.
We showed direct detection of body fluids on fabrics and identified such fluids as blood

and saliva using multi-spectral inferometry imaging techniques couple with FISH technologies.
In order to develop and refine the multi-spectral systems we exploited well characterized
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bacterial systems and FISH technology to expand the number of markers than can be determined
in forensic samples. We demonstrate multi-color imaging with up to sever color markers at the
same time without extraction or significant sample processing. We anticipate broader
applications of this technology for forensics. Body fluids like blood, semen, saliva and vaginal
fluids are naturally fluorescent. Pattern wounds or lividity marks present different colors that
penetrate at different depths within the skin of a victim. Bones and enamel of teeth will strongly
fluoresce under blue light in range of 425-500 nm. Certain toxins and antibiotics such as
tetracyclines that accumulate in bone osteons are also fluorescent or can fluoresce when properly
excited. These examples demonstrate the potential expanded of multi-spectral inferometry in
forensic science and this technique will find applications that would allow detection of trace
substances such as those mentioned in-situ on suspected surfaces such as fabrics, flooring
materials (e.g. concrete, linoleum).

We also explored the use of DART TOF-MS technology for analyses of body fluids to
address the need to rapidly identify body fluids, often on fabric or other materials, without
gxtraction or processing. We were able 1o show that salvia and blood could be rapidly (<2
ma on marker chemistries resolved by the DART mass spectrometry, on
solid substrates or as liquids. The fingerprints of the chemical composition of the fluids were
reliable for identification of sources — this, it was readily detectable whether the salvia was from
two different individuals. These efforts will continue to establish their broader utility in forensics
{manuscripts in preparation).

The key findings and accomplishments on fiber analysis aimed at streamlining sample
processing has revealed that the Corvaris acoustic technologies described for trace DNA
isolation is also very effective for the rapid extraction of dyes (<1 min) from small fibers, and
that thee dye composxtmns can be profiled and compared by absorption and 4™ devastative
spectrophometry in less than 1 hr. Various traditional methods (sample extraction, HPLC, etc.)
and the acoustlc and optical methods were compared. Rigorous statistical analyses were
conduced on 4™ dx data to ascertain whether, with certainty this analysis could be used to
provide 99.9% confidence in establishing similarity or difference in two samples that were
comprised of dye mixtures that varied in composition by 1-2% (wt/wt). The analyses revealed
that this was not possible, however the statistical test have not been conducted on actual fibers to
determine whether fibers which appear identical in color and structure represent different or the
same dye lots. These efforts are still underway and require additional mathematical analyses and
variations in the use of the 4™ dx algorithms.

The DART TOF-MS technology was also exploited to assess the ability to rapidly
identify and characterize various accelerants that might be used in arson cases. The DART
technologies allows for rapid chemical fingerprinting of chemicals typically used as accelerants
and can readily distinguish different gasoline sources. The studies reveal that different
accelerants could be rapidly — minutes —identified and characterized, and their stability or
persistent over time assessed. This technology has great promise for arson investigations (see
Manuscripts in review).



II. WORK PORDUCT - PUBLICATIONS, PRESENTATIONS, POSTERS AND

PATENTS

A. Peer-Reviewed Publications

1.

J.P. Biggerstaff, M. Le Puil, B.L. Weidow, J. Leblanc-Gridley, J. Busch-Harris, E.
Jennings, K. L. Sublette, D.C. White, R.S. Alberte. A Novel and Non-destructive
Technique for the Quantitative Detection of MTBE and Benzene Degrading Bacteria in
Contaminated Soils. Journal of Microbiclogical Methods. In Press.

Le Puil M., Biggerstatf J.P., Weidow B.L., Price J.R., Naser, S.A., White D.C., Alberte
R.S. A Novel Fluorescence Imaging Technique Combining Deconvolution Microscopy

- and Spectral Analysis for Quantitative Detection of Opportunistic Pathogens. Journal of

Microbiological Methods. 2006. 67: 597-602.

B. Papers In Review
1. Coates, CM, Barreto PD, Cobb, A.E., Alberte, RS., Cody, RB and Barreto, JC. The

persistence of common accelerants measured by direct analysis in real time (DART) time-
of-flight mass spectrometry. J. Forensic Science (In Review).
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J.P. Biggerstaff, M. Le Puil, B.L. Weidow, K.L. Sublette, D.C. White, R.S. Alberte. A
Novel and non-destructive technique for the identification of MTBE and benzene
degrading bacteria in Contaminated Soils. American Society for Microbiology
Conference, Orlando, FL 2006 (Peer reviewed)

S. Coticone, Kincaid, C., Schulze, E., Teets, M and Alberte Randall.(2006) Optimization
of DNA extraction from pig bones using Covaris™ as a model system for human bone
identification in mass disasters. Forensic Science Symposium, Ft Lauderdale April 28-29.
(Peer reviewed) -

8. Coticone, Kincaid. C., Schulze, E., Teets, M and Alberte Randall.(2006) Optimization
of DNA extraction from pig bones using Covaris™ as a model system for human bone
identification in mass disasters. Research Day, Florida Gulf Coast University, Ft Myers,
FL 33965, April 7.

S. Coticone, Bill Roschek Jr., Cody, R.B. and Alberte, R. “Differentiation of Biological
Fluids on Solid Substrates using Direct Analysis in Real Time (DART) Technology™
American Academy of Forensic Sciences Conference (2007) San Antonio, TX, February
19-24.

Heather Walsh Haney and S Coticone “Correlating Forensic Anthropological Findings
with DNA profiles obtained from Cold Cases” American Academy of Forensic Sciences
Conference (2007) San Antonio TX Februrary19-24.

D. Patent Applications

“Methods for delivering materials into biological systems using sonic energy”. S. Isern, Inventor.

US Provisional Patent Application #60/774,429. Filed February 17, 2006. Florida Gulf
* Coast University assignee,



IV. Partnerships and Technology Transfer

As part of our proposed effort we sought to develop collaborations and partnerships with
other groups and organizations involved in forensics and law enforcement. To this end, we have
launched an effort with the Lee County Sheriffs Office on a ‘cold case’ investigation to explore
~ the utility of our newly developed isolation and characterization for mtDNA on foot bone that
has been submerged in lake waters for several months or a year. We have established a dialogue
and will be visiting Dr. James Ongley at the BSO-Regional Crime Laboratory in Fort
Lauderdale, FL to explore trace DNA isolation and characterization and we have established a
collaboration with the DOD Pathology Laboratory of the Armed Service DNA Laboratory in
Washington DC (see Attached letter). We have and will be participating in several regional
forensics meetings (e.g., American Academy Forensic Science Symposium, San Antonio, TX in
February 2007) to explore additional interactions and technology transfer with law enforcement

- groups in Florida during 2007, A summary of partnerships, collaborations and technology
transfer is provided below.

Trace DNA Detection
Dr. Mike Coble {DOD, Pathology Laboratory, Armed Forces DNA Identitication
Laboratory) for the identification of soldiers in the Korean War.
Mike Teets, Arthrex Inc. Naples, FL.

Fluorescence in Bones using Spectral Detection
Dr. Mike McEntee, Pathobiology, University of Tennessee Knoxville
Dr, Tosha Dupras, Center for Forensic Science, University of Central Florida
M. Corey Maggiano, University of Central Florida

Detection of Fluorescent Neighbors and Multiple Fluorescent Objects using Spectral Detection,

and 3D Imaging of Human Tissue
Dr. Saleh Naser, Molecular Biology and Microbiology, University of Central Florida
Dr. R. Price, DOE ORNL Optics Laboratory

Drug of Abuse in Blood Samples
Mike Lyttle, Toxicology Supervisor at Tennessee Bureau of Investigation

Body Fluid and Accelerants Characterization by DART TOF-MS
Dr. R Coty, Jeol USA, Peabody, MS
Appendix A

Letter of collaboration from DOD Pathology Laboratory
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I. Invention Report

Research conducted utilizing DOJ/N1J funds from Grant No. 2004-LP-CX-K048 resulted in
an invention. The invention was disclosed to the Florida Gulf Coast University Office of
Sponsored Programs and was the basis of a provisional patent application filed on 17 February
2006.

The provisional patent application is:

USPTO Provisional PatentApplication Number: 60/774,429

Sunject matter: Utility

Title: Method for Delivering Materials Into Biological System Using Sonic Energy
Inventor: Sharon Isern

Assignee: Florida Gulf Coast University, Fort Myers, Fl 33965

Brief Summary of the Invention:

It is an object of the present invention to provide an efficient method of introducing materials
into cells in such a way that a high percent of the cells remain viable after treatment.

The University will file US and PCT patent applications by the 17 February deadline required of
provisional applications. The application will include the information that DOJ/NLJ has certain
royalty free rights to this invention.

The University will inform DOJ/NIJ of any developments concerning the issuing of a patent or
patents as required by DOJ/NIJ
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