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Developmental validation of a novel method for body fluid identification using microbial 
signatures. 
Najai Bradley*, D. Wohlfahrt, R. Green, K. Brim, F. Nogales, A. Brand, E. Abshier, E. Martinez Planes, L. 
Tan-Torres, P. Brooks, S. Seashols-Williams, B. Singh - Virginia Commonwealth University 
 
Body fluid identification is an important part of the forensic biological evidence analysis process. Current 
presumptive and confirmatory serological methods are limited by their lack of sensitivity and specificity, 
and some body fluids such as menstrual blood and vaginal fluid do not have reliable serological testing 
methods available. A recently developed method utilizing microbiome signature attribution via 16S rDNA 
high-throughput sequencing is capable of identifying forensically relevant biological fluids with strong 
statistical certainty. In this study, samples that have been compromised through environmental exposure 
or chemical treatment, mixed and low quantity samples were evaluated. In order to test the robustness, 
sensitivity, and specificity of the method. Together, these results demonstrate the effectiveness of using 
microbial signatures for body fluid identification. 
 
 
Developmental validation of a microRNA panel for forensic body fluid identification 
Annabelle Campbell*, Annabelle Campbell, Jennifer Szekely, Carolyn Lewis, Raquel Green, Tracey 
Dawson Cruz, Sarah Seashols-Williams - Virginia Commonwealth University 
 
Due to the well-known drawbacks of current forensic serological techniques, recent studies have focused 
on possible molecular methods for body fluid identification. One such method is the detection of 
differentially expressed microRNAs (miRNAs): small, non-coding RNAs involved in messenger RNA 
regulation that are highly stable and resistant to degradation. High throughput sequencing was used to 
identify unique and common miRNAs among eight forensically relevant body fluids; miRNA candidates for 
six body fluids (blood, semen, saliva, menstrual secretions, urine, and feces) were then selected after 
subsequent expression validation for sensitivity, specificity, and stability. This project aimed to further 
validate candidate miRNA expression for a larger sample size of each body fluid to increase the statistical 
power of certainty of the miRNAs’ identification ability; additionally, the recently selected miRNA marker 
for vaginal secretions was validated for consistency of expression through an individual’s menstrual cycle, 
as well as for species and human organ/tissue specificity. This panel of miRNAs has shown to provide 
accurate identification of forensically relevant body fluids and shows potential for implementation into 
forensic casework. 
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Evaluation of DNA Detection Strategies for Yersinia pestis in Soil Matrices 
Brittany Fung*, Stanciu, C.E., Ehrhardt, C.J. - Virginia Commonwealth University 
 
Yersinia pestis, causative agent of plague, can persist in environmental matrices for extended periods of 
time; this can potentially create challenges for public health agencies and biosurveillance efforts. In this 
study, we tested whether cultivation of Y. pestis directly in soil matrices (e.g., salt-saturated environments, 
organic rich soil) impacts the efficacy of DNA-based detection methods and subsequently evaluated 
different strategies for DNA isolation (Lyse-It, QIAamp DNA Mini Kit, DNeasy PowerSoil Kit, and direct 
lysis) from these sample types. Results showed that cultivation in media with salt concentrations greater 
than 20 g/L showed at least a two-fold improvement in extraction efficiency compared to Y. pestis grown 
on TSA or SESOM H (soil extracted soluble organic matter from horse manure) formulations; this 
difference could be attributed to a shift in cell membrane structure and the adherence of organic matter to 
the cell surface, whereas fatty acid methyl ester (FAME) results suggested no difference in the membrane 
composition of Y. pestis. The direct lysis method performed poorly compared to the other three extraction 
methods. Overall, these results suggest that growth environment can affect the efficacy of DNA detection 
strategies in environmental samples, particularly in regions where salt deposits may play a key role in 
maintaining plague reservoirs. 
 
  

2  



MAAFS 2019 - Biology Section Paper Presentation Abstracts 
 

Thursday, May 9th 
 
Testifying about probabilistic genotyping results 
William Allan* - Cybergenetics 
 
Probabilistic genotyping (PG) gives match statistic answers to DNA mixture questions. PG overcomes the 
limitations of manual mixture interpretation. A TrueAllele® expert educates jurors about PG methods and 
results. Using case examples, this talk shows how to clearly explain PG match information in court. Better 
science communication helps jurors render more informed verdicts. 
 
 
High-Quality Whole mtGenome Reference Data Representing Three U.S. Populations 
Cassandra Taylor*, Sturk-Andreaggi, Ring, Schanfield, Marshall - AFMES/AFDIL/SNA International 
 
Entire mitochondrial genome (mtGenome) analysis is now feasible with the implementation of next 
generation sequencing (NGS) in forensic laboratories, but its usage is limited by the lack of reference 
data for comparison. This study aimed to augment the number of available high-quality mtGenome data 
by generating 334 mtGenomes from Colorado: African American (n=114), U.S. Hispanic (n=108), and 
U.S. Caucasian (n=112). The NGS method employed generated robust mtGenome haplotypes with an 
average coverage of 1654X and average variant frequencies greater than 98%, allowing for the detection 
of 112 point heteroplasmies (PHP) across 102 unique positions. Of the 334 samples sequenced, there 
were 40 shared haplotypes and 294 unique haplotypes when heteroplasmy was excluded. Overall, these 
data contribute high-quality reference profiles to allow for the increased discrimination of mtGenome 
casework analyses. 
 
 
Revisiting the Identity of JB-55, an 19th-century “vampire” buried in Griswold, Connecticut 
Jennifer Daniels-Higginbotham*, Franklin Damann, Brian Spatola, Timothy P. McMahon, Charla Marshall 
- AFMES/AFDIL/SNA International 
 
In the 1990s in Griswold, Connecticut, archaeologists excavated an unusual burial of a "vampire" known 
as JB-55, whose skeletal remains were found in a "skull and crossbones" orientation. A sample was 
obtained from this historic burial in order to attain DNA information that could potentially assist with the 
identification of JB-55. Analysis of ancestry informative single nucleotide polymorphisms (SNPs), the 
mitochondrial genome, and short tandem repeats (STRs) in the Y-chromosome indicated European 
ancestry and European haplogroups (K1a for mtDNA and R1b for Y-DNA). When the Y-STR profile was 
searched in the FamilyTreeDNA database (https://www.familytreedna.com), the two closest matches 
each had the surname of “Barber”. This surname information was consistent with records of a John 
Barber listed in the Hale Index of Connecticut as living in the town of Griswold, Connecticut in the 1820s. 
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Update of the FBI Laboratory Rapid DNA Program 
George Li - FBI Laboratory 
 

With the enactment of the Rapid DNA Act of 2017, the FBI is poised to deliver a new capability to law 
enforcement booking stations in states with arrestee DNA legislations. This capability will allow DNA 
profiles of arrestees analyzed by approved Rapid DNA systems at law enforcement booking stations to be 
automatically enrolled into CODIS and searched against DISC-enabled unsolved forensic profiles. If the 
Rapid-enrolled arrestee profile hit to a DISC-enabled forensic profile in CODIS, an Unsolicited DNA 
Notification (UDN) message will be sent immediately to the forensic profile’s investigative agency 24/7 
Nlets terminal, so action can be taken while the arrestee may still be in custody at the booking station. As 
a first step of implementing this capability, the FBI released CODIS 8.0 software to CODIS laboratories in 
2018. The updated software has new features designed to support the Rapid DNA process. Booking 
station Rapid DNA pilots are being planned for 2019 in partnership with CODIS laboratories and 
law-enforcement agencies in several states. Documents necessary for Rapid DNA Booking station 
implementation such as Quality Assurance Standards are also being drafted. This presentation will 
provide information and updates of recent Rapid DNA activities. 
 
 

Persistence and Recovery of DNA on Submerged Duct Tape 
Luisa V. Forger*, Mary K. Book, Christopher A. Tipple, and Joseph Donfack - FBI 
 

Both duct tape and items retrieved from water are common pieces of evidence in forensic casework. This 
study tested the effects of submersion time and initial cellular concentration on the ability to recover DNA 
from duct tape that has been submerged in ocean water for up to two weeks (336 hours), as well as the 
ability to recover touch DNA from such evidence. The results indicate that it is possible to recover enough 
DNA to yield a complete STR profile from folded duct tape that has been submerged in ocean water for 
up to 336 hours. It is also possible to recover touch DNA from latent prints, with full and partial STR 
profiles from samples submerged for 168 hours and 336 hours, respectively. In addition to these results, 
recommendations for recovering the maximum amount of DNA from these types of evidence will be 
presented. 
 
 

Examination of DNA extraction lysis and wash step modification for low template DNA sample 
processing 
Sydney Menchhoff*, Milady T. Delacruz, Madison E. Hytinen, B.S., Andrea L. Williams, B.S., Marilyn T. 
Miller, Ed.D., Tracey Dawson Cruz, Ph.D. - Virginia Commonwealth University 
 

In recent years, as DNA analysis methods have become more sensitive, more attention has been paid to 
reevaluating closed and/or cold cases; in some of these cases, archived latent fingerprints may be the 
only source of biological evidence to revisit. Previous work on this project established an optimized “best 
practice” workflow for these challenging samples; however, other potential areas of DNA loss were 
identified, and potential procedural modifications that may minimize the DNA loss that occurs during 
laboratory handling were examined. Two studies were conducted to test for DNA loss during solid phase 
extraction- the first tested the wash steps for incomplete binding to the silica column, and the second 
added an additional lysis step to test for incomplete lysis from the substrate. The wash step and lysis 
modifications both resulted in an increased number of samples having detectable levels of DNA but an 
overall decrease in the average yields and a reduction in the quality and percentage of STR alleles 
observed in the resulting profiles (unmodified optimized workflow resulted in ~50% of expected alleles 
while these modifications showed ~25% of expected alleles). Overall, our results suggest that while some 
DNA is lost during the laboratory extraction process, the amount recovered using these specific 
modifications may not be sufficient to improve the STR profile obtained from archived latent fingerprint 
samples. 
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Generation of Interpretable, Single Source, DNA Profiles from Forensically Relevant Mixtures 
Through the Separation of Cells with Optical Tweezers and a Modified DNA Workflow 
Michael Valle*, Nicole Auka, Bobby D. Cox, Peter D. Wilkerson, Tracey Dawson Cruz, Joseph E. Reiner, 
Sarah J. Seashols-Williams - Virginia Commonwealth University 
 
An optical tweezer is a tightly focused laser used to attract dielectric particles, i.e. cells, and transport 
them. This technique provides a high degree of manipulation for cells trapped, since each trapped cell 
can be moved in the x, y, and z direction, and this property of the optical tweezer makes it an ideal cell 
separation technique. Previous research conducted involved a mixture of reconstituted vaginal epithelial 
cells and semen, mixed in a 1:1 ratio, to create mock sexual assault samples. Eight out of nine samples 
ranging from 39 to 74 sperm cells obtained via separation with the optical tweezer generated 100% full, 
single-source, STR profiles. Current research involves isolating leukocytes from touch epithelial cells with 
the optical tweezer. This current research aims to further demonstrate the utility of the optical tweezer as 
a robust cell separation technique for mixed samples. 
 
 
Evaluation of sperm-specific antibodies for bead-mediated cellular separation of sexual assault 
samples 
Yolanda Correia*, Jordan O. Cox, M.S.1, Brittany C. Hudson, M.S.1, James P. Landers, Ph.D.2, and 
Tracey Dawson Cruz, Ph.D - Virginia Commonwealth University 
 
Forensic DNA analysis is usually comprised of five major steps: extraction (purification and lysis), 
quantification, amplification of STR loci, fragment separation via capillary electrophoresis, and DNA profile 
analysis. Because this lengthy workflow does not always guarantee the best results, especially for mixture 
samples, this research focused on finding and evaluating different sperm-specific antibodies (CRISP2, 
MOSPD3, PH20/SPAM-1, AKAP3) for bead-mediated cellular separation for sexual assault evidence 
samples. Overall, the results obtained thus far from these antibodies showed low binding efficiency for 
sperm cells (35.22 - 59.26% DNA in bound fraction of sperm sample) and either non-specific binding of 
epithelial cells or an ineffective separation mechanism. The latter could be caused by steric interactions 
between the antibodies, cells, and beads during the cell binding and/or separation process; therefore 
modifications to the binding protocol were tested in an attempt to alleviate these potential issues and 
improve the overall performance of the assay (results forthcoming). 
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Developing investigative leads from a probabilistic genotyping database 
David Bauer*, Jeffrey Oblock, Nasir Butt, Bill Allan, Jennifer Hornyak, Mark Perlin - Cybergenetics 
 
DNA evidence can generate investigate leads for criminal investigations. However, much crime scene 
DNA evidence goes unused due to limitations of human DNA mixture review. TrueAllele® technology 
provides an investigative probabilistic genotyping database (IPGD) solution that uses all the data. An 
IPGD can connect suspects to crime scenes, and make DNA connections between different crime 
scenes. This talk describes cases, methods, and results from an IPGD study on over 150 DNA evidence 
samples taken from dozens of property crimes with over 70 suspects. 
 
 
Forensic Body Fluid Identification using Microbiome Signature Attribution through 16S rDNA 
High-Throughput Sequencing 
Raquel Green*, D Wohlfahrt, N Bradley, K Brim, A Brand, E Abshier, H Mukic, E Martinez Planes, L 
Tan-Torres, P Brooks, S Seashols-Williams, B Singh - Virginia Commonwealth University 
 
Microbial DNA has the potential to be molecular markers for forensic body fluid identification, as they 
have been previously described in the Human Microbiome Project as distinct, stable, and distinguishable 
between body fluids. This method has the advantage of using a single extraction for body fluid 
identification and STR analysis, a single 16s rDNA universal primer set for all body fluids, can differentiate 
between commonly found body fluid mixtures, and can be easily implemented into a comprehensive 
high-throughput sequencing (HTS) panel for human identity. Microbial signatures were identified with 16s 
rDNA high-throughput sequencing, and results indicated that the signatures are stable within a body fluid, 
and with the exception of vaginal and menstrual secretions, all body fluids are distinguishable from one 
another. Although separation between vaginal and menstrual secretions is not possible with this method, 
these fluids can be differentiated from other body fluids when classified collectively as female intimate 
samples. In conclusion, the microbial markers are reliable and specific in all forensically relevant body 
fluids, and are capable of identifying most biological fluids with strong statistical certainty. 
 
 
Using probabilistic genotyping to distinguish family members 
Beatriz Pujols*, Mark Perlin - Cybergenetics 
 
Interpreting DNA mixtures of family members can be difficult. Probabilistic genotyping (PG) allows 
scientists to gain more information from their DNA data. The TrueAllele® Casework PG method separates 
out mixtures into individual genotypes and can then compare to references. These informative genotypes 
can accurately include or exclude family members. This talk describes a sexual assault case where a 
mixture sample was resolved to include one brother while excluding the other brother. 
 
 
DNA Group Discussion - Because It's In Our Genes...and On Our Brains 
Ruth Damaso Neely, Moderator - Virginia Department of Forensic Science 
 
Do you have any question(s) regarding Forensic Biology and DNA Analysis?  Here's an opportunity for 
you to ask questions and/or share your answers and experiences with past, present, and potential 
colleagues.  Topics of discussion can include technologies, platforms, methodologies, backlog reduction, 
databanks and searching, mixture interpretation, statistics, report wording, education, accreditation, 
certification, legislation, standards, expert testimony, courtroom challenges, etc. 
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Exonerating the Innocent with Probabilistic Genotyping 
Jennifer Hornyak*, Mark Perlin - Cybergenetics 
 
DNA evidence is used in criminal cases to help implicate a perpetrator or free an innocent man. With the 
advent of probabilistic genotyping (PG), scientists now have more powerful tools to exonerate the 
innocent. The TrueAllele® Casework PG method has been instrumental in post-conviction exonerations. 
This talk describes the cases, DNA evidence, PG analysis, and outcomes of some notable 
computer-driven exonerations. 
 
 
 

7  


