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Abstract
Identification of a single complete set of bones can be
considerably challenging given the condition of the bones;
however, identifying tens to hundreds of different bones, how
many complete sets are present, and whom they belong to is a
complete different story. Throughout the world today there are
many mass disasters that take the lives of hundreds and even
thousands of people, leaving remains behind that are
fragmented, heavily impacted by the incident and environment,
or completely obliterated. Mass disaster remains can be
identified through techniques in genomic analysis that use
extracted DNA from remains that have potential to be completely
destroyed such as the hair and bones, as well as remains that are
more resistant to decomposition such as the teeth. Through a
critical review, some simple critical questions will be answered.
How accurate have these genomic techniques been in the
identification of mass disaster remains, what are the inaccuracies
in the methods, and how could they be improved?

Introduction
Today, forensic anthropologists are faced with the recovery and
identification of remains that have been through a multitude of
traumas including: when there are skeletons that have a
questionable death, have an unknown identity, if bodies are
found in differing stages of decomposition, burned beyond
recognition, mummified, or skeletonized. Each case is different
and the technology used for the identification of bones has
advanced into the genomic age.

Benefits of Using DNA Analysis
DNA for DNA analysis can be derived from one of two primary
sources:
•

Nuclear DNA (nucDNA)
• Paired with short tandem
repeat (STR) markers
• Relatively fast and reliable
• Individualization makes
random matching
probabilities low, so a
positive identification can
be met when results are
compared to and match to
a missing individual
sample.

• Mitochondrial DNA (mtDNA)
• 1,000 mitochondria per cell
• Several thousand copies of
mtDNA possible to find
• Greater chance of retaining
useable DNA
• Two complimentary
molecular screening
methods
• Y specific STR
• Autosomal microsatellite amplification
using nesting primers.
• Provides regionally specific DNA
• Easier to find a useable source making ti good for
mass disaster victim identification.

Forensic Anthropologists sometimes deal with the identification
of bodies that have perished due to a mass disaster. There are
two definitions that can explain what is considered a mass
disaster: The first tradition definition is any event resulting in six
or more deaths at the same time and in the same place from one
basic cause, and the second more recent is an event that causes
such a number of essentially simultaneous deaths in the same
location that the facilities and personnel available to handle and
process them are overwhelmed.

DNA analysis requires a reference sample that can come from
personal objects or direct family. If neither or available,
immediate family samples work for mtDNA. Needed samples
can be recovered from very small remains, but there are policies
to prevent any possible failure to yield results. Samples from
remains can be taken from blood, soft tissue, or hard tissue.

Many will follow the traditional path of identification using
methods such as fingerprint analysis, odontology/ dentition, and
distinguishable physical attributes. However, others depend on
more advanced methods such as DNA analysis along with the
traditional methods. Although there are strengths in using DNA
analysis over using less technologically advanced methods for
identification of mass disaster remains, there are also several
weaknesses.

DNA identification response can include various organizations:
• The Guatemalan Forensic Anthropology Foundation (FEMA)
• The Disaster Mortuary Operational Response Team
(DMORT)
• Partner Laboratories
• Medical Examiner/coroner
• Investigating agencies
• Recovery teams

Disadvantages of Using DNA Analysis
•
•
•
•
•
•
•
•
•
•
•
•
•

Difficulty in obtaining a useable DNA profile from nucDNA
nucDNA is less accurate for poorly preserved remains
mtDNA cannot individualize
Obtaining antemortem samples for comparison can be
difficult or impossible in some cases
Inability to locate/communicate with close relatives (if they
exist)
Lack of reference sample for comparison/validity
Possible risk of failure to maintain the continuity of evidence
given the use of multiple labs to run all analysis
Laboratory overload
Potential use of different protocols between various labs
working on the same mass disaster DNA analysis
Degradation of the sample due to post mortem putrefaction
Possible lack of sufficient amount of DNA present to obtain
DNA type
Preparation and caution that goes into a DNA sample in order
to keep it from degrading, becoming contaminated, or lost.
The cost of running the analysis can be relatively expensive in
many circumstances.

Conclusion
Although there are some inefficiencies based on differing
environments of mass disasters, cost of running the analysis, and
ability to obtain useable DNA, the overall use of genomic DNA
analysis is efficient. The use of DNA analysis has enabled many
victims of mass disasters, such as those lost in the World Trade
Center and the police raid in Waco, TX, to be identified. The use
of mtDNA has proven to be very beneficial due to the ability to
recover the DNA from even the most decomposed bodies, as well
as its ability to give regionally specific data. If either of the DNA
analyses sources are run correctly, without contaminated
samples, then the cost becomes less of an issue. Overall, the used
of mtDNA is consistent and constantly improving due to
experimentation with multiplexes and other amplifyers.
References

Bille, T., Wingrove, R., Holland, M., Holland, C., Cave, C., & Schumm, J. (2004). Novel method of DNA extraction from bones assisted DNA identification of
World Trade Center victims. International Congress Series, 1261, 553-555. doi:10.1016/s0531-5131(03)01831-4
Blau, S., & Ubelaker, D. H. (2008). Handbook of forensic anthropology and archaeology. Walnut Creek, CA: Left Coast Press.
Butler, J. M. (2005). Forensic DNA Typing. London, US: Academic Press. Retrieved from http://www.ebrary.com.proxy.lib.iastate.edu
Corach, D., Sala, A., Penacino, G., Iannucci, N., Bernardi, P., Doretti, M., . . . Hagelberg, E. (1997). Additional approaches to DNA typing of skeletal remains:
The search for “missing” persons killed during the last dictatorship in Argentina. Electrophoresis, 18(9), 1608-1612. doi:10.1002/elps.1150180921
Dirkmaat, D. C., Cabo, L. L., Ousley, S. D., & Symes, S. A. (2008). New Perspectives in Forensic Anthropology. Yearbook of Physical Anthropology, 51, 33-52.
Retrieved from https://bb.its.iastate.edu/bbcswebdav/pid-2673197-dt-content-rid-28966973_1/courses/S2016-ANTHR-424_-ALL/Dirkmaat et al. 2008.pdf.
Jakovski, Z., Nikolova, K., Janeska, B., Cakar, Z., Stankov, A., Poposka, V., . . . Duma, A. (2010). Forensic DNA analysis in the identification of human remains
in mass graves. Journal of Clinical Pathology and Forensic Medicine, 1(1), 001-004. Retrieved April 16, 2016, from http://www.academicjournals.org/article/
article1379426728_Jakovski et al.pdf
Koenig, B. A., Lee, S. S., & Richardson, S. S. (2008). Revisiting race in a genomic age. New Brunswick, NJ: Rutgers University Press.
Lessons learned from 9/11: DNA identification in mass fatality incidents. (2006). Washington, D.C.: U.S. Dept. of Justice, Office of Justice Programs.
Marjanović, D., Metjahić, N. H., Čakar, J., Džehverović, M., Dogan, S., Ferić, E., . . . Primorac, D. (2015). Identification of human remains from the Second
World War mass graves uncovered in Bosnia and Herzegovina. Croatian Medical Journal Croat Med J, 56(3), 257-262. doi:10.3325/cmj.2015.56.257
Mass fatality incidents: A guide for human forensic identification. (2005). Washington, DC: U.S. Dept. of Justice, Office of Justice Programs, National
Institute of Justice.
Primorac, D., MD, Ph.D. (1998). IDENTIFICATION OF HUMAN REMAINS FROM MASS GRAVES FOUND IN CROATIA AND BOSNIA AND
HERZEGOVINA. Croatian Medical Journal. Retrieved April 16, 2016, from https://www.promega.com/~/media/files/resources/conference proceedings/ishi
10/oral presentations/07primorac.pdf?la=en.
Rhine, S. (1998). Bone voyage: A journey in forensic anthropology. Albuquerque: University of New Mexico Press.
Wurmb-Schwark, N. V., Heinrich, A., Freudenberg, M., Gebühr, M., & Schwark, T. (2008). The impact of DNA contamination of bone samples in forensic case
analysis and anthropological research. Legal Medicine, 10(3), 125-130. doi:10.1016/j.legalmed.2007.10.001

