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Abstract. Genetic analyses of microbial evidence will be employed to assist in attribution of
perpetrators of bioterrorism and biocrimes. There are some similarities and differences between
human forensic and microbial forensic DNA analysis practices to consider. These population genetic
and statistical interpretation issues center on the different genetic make-up, different inheritance
mechanisms, different regulation mechanisms, and lineage-based analyses. In some cases, a
quantitative assessment of the results of analysis may be possible; in other cases, it may be more
appropriate to provide only a qualitative statement. Published by Elsevier B.V.
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1. Introduction

Microbial forensic identity testing is used to determine the source of microbial samples
or their toxins that have been used in acts of bioterrorism or in the commission of
biocrimes. One approach to obtain microbial signatures is by assaying genetic poly-
morphisms between microbial strains or substrains to infer the origin, relationship, or
transmission route of a particular isolate.

2. Interpretation

When the interpretation is “inclusion or match or same lineage,” it is desirable to place
some significance or weight on these results. There are similarities between human
forensic and microbial forensic DNA analysis practices, which include the use of
population databases, the use of qualitative conclusions of test results, and the application
of QA/QC practices. However, there are several major differences, particularly in the
context of data interpretation. Some obvious differences in approach are: database size and
composition, statistical interpretation methods, and confidence in outcome of an interpre-
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tation. Most bacteria and viruses are haploid, so diploid-based statistical approaches would
not be appropriate and do not apply. Moreover, most microbes reproduce predominately
asexually and, thus, are clonal in nature, making the identification by genetic means of the
sole source of an isolate or a laboratory-prepared pathogen often impossible. Therefore,
the majority of microbial forensic genetic evidence may only infer common lineage
instead of identity.

Population genetics issues to consider are origin and maintenance of microbial
diversity. These are dependent on the mode of reproduction (i.e., asexual, although sexual
reproduction also must be considered), inter-genic/site variation of mutation rate, recent
natural vs. laboratory origin, experimental and natural stress conditions, and horizontal
gene transfer. The effects of natural selection together with mutation and recombination
will contribute to variation and need to be considered as well.

Since diversity levels in a number of microbial species will not reach that of human
populations, microbial forensics will need lineage-based models in which population
structure issues are somewhat different than for human samples. But, approaches for
statistical analysis do exist that need to be validated with empirical genomic data from
model organisms. The extent of mismatch with comparison to a database of samples may
be needed to provide quantitative support of the match/non-match evidence. Analysis will
likely be based on coalescence theory incorporating population size fluctuation over
generations, inter-site variation of mutation rate, recombination, horizontal gene transfer,
and conservation of sites (based on function).

Alternatively, some cases may not require any quantitative assessment and a qualitative
statement may suffice [1—4]. In other scenarios, a quantitative evaluation can be made, but
the bounds on the estimate may be large, owing to the sparsity of data. To increase
confidence in quantitative estimates, a better understanding of microbial genome dynamics
is necessary. Data on genetic variation and relatedness within and between species can
assist in distinguishing between two strains that appear phenotypically identical. Analysis
of pathogenicity domains, virulence genes and antibiotic resistance genes, location of
recombination sites, development of effective horizontal gene transfer and vertical gene
transfer statistical models, general and specific genome site stability studies, near neighbor
analyses, and diversity studies [5—8] will enhance capabilities to quantitatively assess the
significance of lineage-based comparisons.

Although we provide a list of further studies, this does not suggest that inferences for
attribution cannot be made. Substantial data on genetic markers and population diversity
have been accumulated for some potential bioweapon species that include: smallpox, BA4,
Fancisella tularensis, Yersinia pestis, Burkholderia pseudomallei, Burkholderia mallei,
Escherichia coli, Salmonella ssp., Shigella ssp., Brucella ssp., and Foot and Mouth
Disease Virus. A unifying statistical framework should be considered based on using
lineage-based models where the extent of match/non-match evidence is assessed under the
hypotheses of a particular sample(s) belonging to one group (or lineage) of putative
samples or not. Such statistical models, based on recent developments in phylogenetic
analyses of molecular evolution, are under development.

Another important distinction of the human DNA forensic practices from that of
microbial forensics is worth noting. In the human forensic context, DNA markers
generally chosen for forensic analyses are devoid of functions. In contrast, terrorism-
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related microbes generally will contain virulence factors. Hence, a reliable and quick
method of detecting signatures of virulence could be an important aspect of genomic work
in microbial forensics. Molecular tools for detection of signatures of functionally active
sites of the genome are now available to apply them to the emerging genomic data on
biothreat agents (see, e.g., Ref. [9]).

3. Conclusion

In conclusion, comparative genome sequencing already is providing details of genome
organization and genetic variation [10,11]. The number of markers is increasing and the
distribution of polymorphisms is being established in representative sets of strains. Model
organisms are being studied for estimating inter-site variation of mutation rate, recombi-
nation, horizontal gene transfer, and conservation of sites (based on function) [6].
Analyses of these data, based on comparative genomic principles, should improve the
capabilities and confidence in providing quantitative assessments of microbial forensic
genetic evidence.
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