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Learning Overview: After attending this presentation, attendees will understand how available bioinformatic pipelines are applied to forensic 
microbiology and postmortem microbiome research. Attendees will see that downstream output of multiple pipelines differs based on statistical 
evaluation, including taxon abundance, diversity metrics, and machine learning model building. 

Impact on the Forensic Science Community: This presentation will impact the forensic scientific community by informing bioinformatic analysis 
for further forensic microbiology research and future casework. 

While recent research suggests excellent potential for microbial community use in forensics, additional foundational work is needed before forensic 
microbiology can be applied in the criminal justice system. Downstream bioinformatic analysis needs to be optimized of forensic microbiological data 
created by high-throughput sequencing platforms in research and case work.1 To accomplish this goal, a better understanding of performance among 
bioinformatic pipelines is needed to reveal potentially significant differences in downstream analysis and data interpretation. The ultimate outcome of 
such evaluation will be the identification of analytical pipelines optimized for use in forensic microbiology.  

One aspect of forensic microbiology is examining the human microbiome, which consists of 10-100 trillion microbial cells per person.2 The composition 
of these microbial communities can be specific to groups of living individuals and varies by area of the body (e.g., gut vs. skin).2 Current research on 
forensic microbiology includes human microbial fingerprinting and estimating time since death using the postmortem microbiome.3 Advances in 
sequencing technology have made studying microbes at the genomic level much more affordable. Large-scale microbial identification can be 
accomplished using 16S rRNA gene sequences obtained from targeted amplicon high-throughput sequencing. These microbial taxon identifications 
provide a microbiome profile that has potential use in forensics.  

Despite increasing research in the use of microbiomes in forensics, there is still a limited understanding of the human postmortem microbiome beyond 
studies that take place in controlled anthropological facilities.4 One of the first studies to investigate large-scale (n=188 cases) postmortem microbial 
changes using high-throughput sequencing and statistical analyses during decomposition revealed dynamic changes for the postmortem microbiome.5 
This research was the largest dataset to provide empirical evidence that microbial communities of the eyes, ears, nose, mouth, and rectum could predict 
time since death during routine death investigation using high-throughput technology and in silico computational tools.5  

In silico tools are needed to analyze forensic microbiology data. For bioinformatic analysis, raw data files undergo a series of transformations using 
executable command line software known as pipelines.6 Pipelines most commonly cited are QIIME, mothur, and MG-RAST.7 Current literature is not 
sufficient to justify which pipeline would be most useful in analyzing forensic microbial data. Previous studies comparing pipelines either used 
simulated data, small sample sizes (n<40) composed of the same sample type (i.e., human gut microbial data), or in silico data.7-12 Studies analyzing 
samples of limited sample type and number do not extrapolate to forensic microbiology studies, which often included swabs from multiple body 
sites.4,5,13  

Two anatomic areas, the mouth and rectum, were selected from the large and variable dataset from Pechal et al. to quantitively evaluate each pipeline.5 
Random subsamples were made from the dataset to include 30 cases, 60 cases, 120 cases, and 188 cases. Microbial sequence reads were analyzed with 
QIIME2 (2017.8), mothur (v.1.39.5), and MG-RAST (4.0.2). The reference database (SILVA) and operational taxonomic unit generation (de novo) 
were controlled. Phylum and family level taxon were used for comparison and revealed a significant difference (p <0.01) in the number of unclassified 
reads between pipelines. MG-RAST also had fewer taxa present at 1% relative abundance than mothur or QIIME2. The number and identity of taxa 
shared between anatomic areas, or core taxa, was distinct among pipelines. Alpha diversity metrics, including Shannon and Inverse Simpson diversity 
indices, were compared among the pipeline outputs. Alpha diversity metrics were significantly different (p <0.01) between MG-RAST and the other 
pipelines. The pipelines were also compared using random forest, a machine learning algorithm. While predicting anatomic area, the error rates for the 
model were relatively similar, predicting the correct anatomic area about 95% of the time. Yet, important predictor taxa differed among pipelines. 
Overall, mothur and QIIME2 had similar results, while MG-RAST was distinct. QIIME2 and mothur can be systematically used for further forensic 
microbiome analysis.  
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