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A B S T R A C T

DNA analysis was ﬁrst applied to the identiﬁcation of victims of armed conﬂicts and other situations of
violence (ACOSV) in the mid-1990s, starting in South America and the Balkans. Argentina was the ﬁrst
country to establish a genetic database speciﬁcally developed to identify disappeared children. Following
on from these programs the early 2000s marked major programs, using a largely DNA-led approach,
identifying missing persons in the Balkans and following the attack on the World Trade Center in New
York. These two identiﬁcation programs signiﬁcantly expanded the magnitude of events to which DNA
analysis was used to help provide the identity of missing persons.
Guidelines developed by Interpol (2014) [1] related to best practice for identiﬁcation of human remains
following DVI type scenarios have been widely disseminated around the forensic community; in
numerous cases these guidelines have been adopted or incorporated into national guidelines/standards/
practice. However, given the complexity of many humanitarian contexts in which forensic science is
employed there is a lack of internationally accepted guidelines, related to these contexts, for authorities
to reference. In response the Argentine government’s Human Rights Division in the Ministry of Foreign
Affairs and Worship (MREC) proposed that the United Nations (UN) should promote best practice in the
use of forensic genetics in humanitarian forensic action: this was adopted by the UN in Resolutions
A/HRC/RES/10/26 and A/HRC/RES/15/5. Following on from the adoption of the resolutions MREC has
coordinated, with the support of the International Committee of the Red Cross (ICRC), the drafting of a set
of guidelines (MREC, ICRC, 2014) [2], with input from national and international agencies. To date the
guidelines have been presented to South America’s MERCOSUR and the UN and have been disseminated
to interested parties.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction
The digniﬁed management of human remains is a moral
obligation in all contexts; the ultimate aim is the correct
identiﬁcation of the individuals so that they can be returned to
their families, enabling religious rites to be administered and any
legal aspects relating to the deceased ﬁnalized. In the absence of
this closure the psychosocial impact of missing persons can be
severe, and in contexts following on from armed conﬂicts and
other situations of violence (ACOSV) can present a barrier to
peace-building efforts [3]. In reality, in most cases where persons
are missing following on from ACOSV they have been killed and
only through the identiﬁcation of human remains can the families
know their fate. There are however some situations, in particular
involving the unlawful separation and disappearance of children
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from parents, where forensic genetics can play a role in identifying
living persons and helping to restore family links [4–6].
While in domestic contexts identiﬁcation of the deceased
individuals is often straightforward and, in many cases, requires
limited input from forensic practitioners the situation is much
more challenging in many situations where deaths have occurred
as a result of ACOSV. Myriad complications arise from aspects such
as fragmentation of bodies, deposition of bodies in clandestine/
mass graves with the potential for relocation of bodies from the
original gravesite (resulting in increased fragmentation), large
numbers of deceased persons, limited contextual information,
time between death and recovery/identiﬁcation and limited antemortem data. The increased complexity typically makes it much
more difﬁcult to formulate a realistic hypothesis of identity for a
given set of human remains and necessitates a greater input from
forensic practitioners to enable robust identiﬁcations. Further
complications arise where cross-border cooperation is required
between parties formally or currently engaged in conﬂict.
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Forensic practitioners, including anthropologists, odontologists, pathologists, ﬁngerprint experts and geneticist, have a
number of tools at their disposal to assist with identiﬁcation of
human remains [1]; in the early 1990s DNA analysis was added to
the arsenal of methods that could be deployed. DNA proﬁling was
ﬁrst carried out in 1984 [7–9], but not successfully applied to
human remains identiﬁcation until 1991 [10,11]. Ongoing developments in the methods used by forensic geneticists has enabled
DNA proﬁling to be applied to increasingly challenging cases
involving multiple casualties ranging from, for example, air crashes
[12] to contexts with thousands of missing/unidentiﬁed persons
[13–16].
This paper reviews the role of forensic genetics in the
identiﬁcation process, highlighting technical areas where the
practice of forensic genetics differs from that employed in crime
scene investigation, and the background to the new set of
guidelines produced by the Argentine government, with input
from the international community.

information in a speciﬁc context and through this measure
maximise the potential for producing reliable identiﬁcations.
3. Role of forensic genetics
The reality in many cases, especially when large numbers of
individuals are involved, is that DNA will contribute to robust
identiﬁcations; ﬁngerprint evidence and odontology can be useful
in some cases to contribute to highly reliable identiﬁcations
[18–21], but in many instances of ACOSV ﬁngerprints are not
available through decomposition and limited ante-mortem dental
records are available.
The analysis used for identiﬁcation of human remains has many
commonalities with the methodology employed for analysis of
crime scene evidence and kinship testing. However, some aspects
of the analytic process are more speciﬁc to human remains
identiﬁcation, and are summarized below.
3.1. Sample selection and storage

2. The identiﬁcation process
Incorporating DNA proﬁling into human remains identiﬁcation,
whether for a single person or in large-scale cases, is part of a
multi-step process (Fig. 1). Location and collection of the remains is
evidently a key component, but one that can be very complex in
ACOSV in terms of identifying the location of bodies and accessing
sites. Bodies will be in varying conditions depending on the cause
of death and any subsequent post-mortem trauma the bodies’
experience. When the remains are skeletal the recovery is more
complex and requires a greater level of specialist skill to maximize
recovery of skeletal elements and also minimize commingling
when relevant [17]. Once the remains have been recovered, and
when necessary re-associated, collection of post-mortem data can
begin. Any information that can contribute to identiﬁcation should,
in ideal circumstances, be collected. The collection of post-mortem
data should be mirrored by the collection of ante-mortem data;
again the type of ante-mortem data available/collected will be
context and case speciﬁc [17].
A key step in the identiﬁcation process is to generate a
hypothesis of identity for each victim; this can be through
artefacts, such as documents or identiﬁcation tags, eye-witness
testimony, or comparison of ante- and post-mortem data. Once a
hypothesis of identify has been established for a victim then the
hypothesis should be tested using all available data. There is a need
to examine the weight-of-evidence, ideally using a mechanism
such as an Identiﬁcation Committee [1] that can evaluate all the

Once human remains are recovered sampling for DNA analysis
is necessary. When the body is not decomposed, muscle tissue is
relatively easy to take, with deep red muscle preferable [1]. If the
remains show a high degree of degradation DNA can still, in many
cases, be recovered from muscle tissue [22], but this is dependent
to a large degree on the ambient temperatures post-mortem [23];
ﬁngernails, ligaments and tendons can be used in some cases
where the muscle tissue is too decayed [24]. In some circumstances, for cultural or logistical reasons taking soft tissue samples
may not be practicable, and in such circumstances ﬁngernails have
been used successfully [25,26]. Once sampled the biological
material has to be stored unless DNA extraction commences
immediately. For short-term storage refrigeration will help to
preserve soft tissues; however, for longer-term storage freezing is
necessary; preservation using buffers or alcohol is an alternative
solution when access to stable low temperature is not possible
[27,28].
Skeletal elements act as a harbor for DNA, greatly reducing the
rate of degradation in comparison to soft tissue; this is in part due
to the physical barrier against bacteria and fungi that the hard
tissues afford. In addition, the chemical composition of bones and
teeth, which contain high levels of hydroxyapatite/apatite offers
some protection from enzymatic degradation [29]. Not all skeletal
elements are equally effective at preserving DNA: data are
available from a large number of cases that provide a hierarchy
of preference when choosing which element(s) to use for DNA

Fig. 1. Schematic representation of the different stages in the identiﬁcation process. A hypothesis of identiﬁcation can be generated from a wide variety of sources and then
tested using all the available data.
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analysis [17,30–34]. While DNA in skeletal elements is more stable
if bone is ‘wet’ then it requires special storage conditions after
sampling to prevent further degradation of DNA, typically low
temperature storage; DNA in ‘dry’ bone is less prone to rapid
degradation, but will potentially continue to degrade over time.
3.2. Extraction and quantiﬁcation of DNA
Extraction of DNA from muscle tissue and other soft tissue, such
as ligaments is relatively straightforward and a plethora of
methods can be applied. Nails similarly can be extracted using a
range of methods that incorporate dithiothreitol (DTT) to facilitate
the breakdown of nail material [25,26].
Hard tissues present a greater technical challenge, as it requires
mechanical disruption prior to DNA extraction. However, the hard
nature of skeletal elements does offer an advantage over soft
tissues in that the surfaces can be cleaned using both chemical
(typically bleach) [35] and physical methods, i.e. the mechanical
removal of the surface of the bone. Both the chemical and physical
cleaning removes exogenous DNA that may have contaminated the
bone, thereby providing an increased level of conﬁdence that the
DNA proﬁle produced is from the bone, and not contamination
[36,37]. A commonly employed ﬁnal step in cleaning is exposure of
the skeletal elements to high levels of UV light, which cross-links
residual exogenous DNA. Following cleaning, several approaches
are available for physically disruption of bone/tooth material; the
most commonly employed method is to grind the bone/tooth
under liquid nitrogen using an impact grinder [38]. Drilling of the
sample is an alternative method, requiring less equipment, and is
preferred by some laboratories, although care has to be taken not
to generate excessive heat when drilling, especially when
processing teeth.
The methods used for DNA extraction from bone are varied. If
the post-mortem interval has been short most methods will yield
a high amount of DNA. However, if the bone is aged or has been
subjected to extreme environmental conditions then low yields of
DNA are expected and more care has to be taken with the
selection of the extraction method. Demineralization of powdered samples is a standard step when handling poor quality
samples; powdered hard tissue is incubated with EDTA, typically
overnight, which helps to breakdown the calcium phosphate, a
major component of the mineral portion of the bone/tooth,
leaving decalciﬁed material for subsequent extraction. Alternately the powdered material can be subject to total demineralization
with the addition of sodium lauryl sulphate and proteinase K to
the EDTA, which leads to complete breakdown of the hard
material and increases the yield of DNA [16,36,39,40]. After
demineralization various methods can be employed: for many
years the organic phenol:chloroform extraction was preferred by
many laboratories [36,41], but this has been largely replaced by
DNA capture methods [42,43]. In addition to recovering the
maximum amount of DNA from samples, especially those that are
likely to have low amounts of DNA, the extraction also has to
remove chemical that may have entered the bone post-mortem.
In contexts where the skeletal elements have been recovered
from soils, especially if the soil is rich in organic materials,
chemicals can enter the hard tissues and can be co-extracted with
the DNA. If the extraction method does not remove these
chemicals the DNA proﬁling may be inhibited [44].
Quantiﬁcation of extracted DNA is carried out using real-time
PCR. Several commercial kits are available [45]. The real-time PCR
quantitates human DNA, differentiating the non-human component in the DNA extract. When processing decomposed soft tissues
and hard tissues a signiﬁcant proportion of the extracted DNA can
be from bacteria and fungi, making human-speciﬁc quantitation
highly desirable.
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3.3. Collection of reference samples
Obtaining a DNA proﬁle from human remains in itself is of
limited use — as with all forms of identiﬁcation ante-mortem data
is required for comparison. Comparison with the missing persons’
proﬁle, i.e. a direct reference, will provide the strongest evidence
for identiﬁcation when a match is found. These can be available in
some circumstances, for example, US military personnel provide a
blood sample that is stored as a reference, should that individual go
missing in action and need to be identiﬁed. Other examples include
entries in to a national DNA databases, where legislation allows
these proﬁles to be accessed, or results from prior DNA testing,
such as paternity tests, which could be provided by the missing
person’s family. Biopsy and other archived medical samples can in
some cases be recovered and proﬁled, when they can be located
and permission for their use obtained. Personal possessions, such
as hairbrushes, toothbrushes and razors, are alternative sources of
ante-mortem DNA; however, reliably establishing the identity of
the personal possessions can be challenging [46].
Following conﬂicts accessing ante-mortem DNA proﬁles/
biological samples or obtaining personal belongings, in most
circumstances, is unrealistic for various reasons, including
displacement of people, destruction of property and a general
deterioration of infrastructure. Therefore, ante-mortem DNA data,
in most cases, can only be obtained through relatives donating
biological samples to the authorities carrying out the identiﬁcation. Parents and children (even more so when the spouse is also
available) are typically the most valuable relatives followed by
siblings [47,48]; as the relatives become more distant the value of
ante-mortem DNA data diminishes.
The means of collection are variable; however, most large-scale
collections have utilized card-based systems where blood or saliva/
buccal scrapes are deposited onto a card that preserves DNA
[49,50]. Once properly dried, the biological material on the card is
stable at room temperature for years; DNA on the cards can be
proﬁled directly or extracted, quantiﬁed and then proﬁled [51].
3.4. PCR-based DNA proﬁling
Since the early 2000s two commercial short tandem repeat
(STR) kits that incorporated the Combined DNA Index System
(CODIS) loci [52] have been widely used: PowerPlex 16 (Promega
Corporation, USA) [53] and Identﬁler (Applied Biosystems, USA)
[54]. Several kits have since become available, for example, the
GlobalFiler (Applied Biosystems), PowerPlex Fusion System
(Promega Corporation), and Investigator (Qiagen); these all enable
20 plus autosomal STR loci to be analyzed in a single reaction. The
choice of loci used in crime scene casework is often determined by
national requirements/legislation; however, there is typically
more ﬂexibility with the loci used for kinship analysis and more
loci can be analyzed as required.
Post-PCR processes are essentially the same as used for crime
scene analysis; using capillary electrophoreses to detect the
ampliﬁed DNA. The power of DNA proﬁling is that each proﬁle
can be broken down into a series of numbers, which describe the
structure of STRs in each individual. The numeric DNA proﬁle will
be the same regardless of which laboratory has undertaken the
work, allowing centralization of proﬁles in databases. Other forms
of DNA analysis can be used, usually to supplement the autosomal
STR typing, including Y chromosome and mitochondrial DNA
(mtDNA) analysis — neither of these can individualize because
multiple individuals in any given population will have the same Y
chromosome/mtDNA [55]; however, both can either refute
matches or increase the signiﬁcance of a match [56]. New DNA
proﬁling systems have become available that are based on nextgeneration sequencing, and allow large amounts of loci to be

224

W.H. Goodwin / Forensic Science International 278 (2017) 221–227

characterized for each sample, and are potentially very highly
discriminating; however, their use is currently limited and will not
be considered in detail here.

commercial software is available for his type of analysis that
can compare large datasets of ante- and post-mortem DNA proﬁles
and compute likelihood rations for any given pedigree [59–62]

4. The identiﬁcation process: incorporating DNA data

4.2. Prior and posterior probabilities

The complexity of identiﬁcation ranges from one to thousands
of individuals, potentially with a high degree of fragmentation.
While the technical process employed typically changes little,
the framework in which identiﬁcations take place can vary, and
so can the manner in which DNA is used in the identiﬁcation
process.
The most widely used approach, sometimes referred to as the
classical approach, is to use DNA to support or refute a hypothesis
of identity generated through different lines of evidence, such as
visual recognition, eye-witness reports, and any other relevant
data (Fig. 1). At the other end of the spectrum is the DNA-led
approach where a database of ante-mortem data (typically from
relatives) is compared to a database of post-mortem data
generated from the human remains. Cross-checking the two sets
of data, when relatives have been used to generate ante-mortem
data, generates potential matches that have to be examined in
more detail using speciﬁc pedigree information, and at this point
can provide a numerical qualiﬁcation to express the strength of a
given match. When conditions allow, further checks should be
carried out, for example, ensuring that the biological proﬁles of the
human remains are sufﬁciently similar to those of the identiﬁed
person; this necessitates collection of ante-mortem data for the
missing persons, such as stature, age, pathologies etc. — typically
from relatives of the missing persons through interview. This
process, although laborious, reduces the potential for misidentiﬁcations [17]. The process of data consolidation varies from context
to context and is dependent on the type and quality of data
available as well as the legal structures in place, and guidelines
followed in any given context. Interpol guidelines recommend that
when data reconciliation results in strong evidence for the identity
of a particular individual, the case should be presented to an
identiﬁcation board (however named), whose role is to evaluate
the evidence and if appropriate make the legal identiﬁcation [1].

In routine kinship testing incorporating prior probabilities with
likelihood ratios to give a posterior probability [63] is widely
practiced. In paternity testing, a value of 0.5 (i.e. 50%) is used for the
prior probability; this is a ﬁgure of convenience as the scientists
that carry out the analysis and produce the report typically have no
knowledge of the case, other than the DNA evidence. The 50%
probability of paternity based on non-genetic evidence can be
altered if case speciﬁc information is considered (usually this is the
role of the court). When identifying human remains following
events that involve more than one individual then the prior
probability has to be adjusted accordingly. In closed events, such as
plane crashes, this is relatively straightforward; in its most simple
form if 100 people died in an event then the prior probability for
each individual would be 1/100 or 0.01. Further sub-categorization
of the victims may be possible, for example, if there is a mixture of
men and women then this can be taken into consideration, so
taking the above example if the split of male and females was
50:50 then the prior probability for each female and each male
would be 1/50 or 0.02. Depending on the availability of postmortem data the sub-categories and therefore the prior probabilities can be further sub-divided based on features such as age,
stature, and ancestry.
In open events, such as conﬂicts and deaths during attempted
migration, obtaining accurate and detailed information can be
challenging, making the estimation of prior probabilities problematic. However, gathering as much data as possible can help to
reﬁne the estimates of prior probability — for example, if eyewitness testimony provides information on the possible identity of
persons in a clandestine/mass grave then the prior probability can
reasonably be altered and not necessarily encompass all persons
that are missing as a result of a particular conﬂict/event; failure to
take the available information into consideration will lead to over
or understatement of likelihood ratios [58].
Reducing the prior probability naturally has an impact on the
posterior probability — the only way to increase the posterior
probability is to increase the likelihood ratio, which can be done
either by increasing the number of relatives tested, which is
dependent on which relatives have already been tested and the
availability of additional family members, or alternately increasing
the number of loci used in testing.

4.1. Assessing the strength of DNA evidence
In crime scene work DNA is routinely presented in many
criminal jurisdictions to link a person to a crime scene. The
strength of a given match is presented as a match probability, or
more preferably a likelihood ratio. When full proﬁles match at
15 or more loci then the match likelihoods are in the order of
billions of times more likely (e.g. full GlobalFiler or PowerPlex
Fusion proﬁles provides likelihood ratios in the sextillions),
providing extremely strong support [57] for the identity of the
biological material. Just as with crime scene investigation, when
applied to the identiﬁcation of human remains, direct matches
between ante-mortem and post-mortem DNA proﬁles provide
extremely strong support for the identity of the human remains.
The process of matching and calculating match probabilities is well
established and within the capacity of routine forensic genetics
laboratories.
However, in many cases involving human identiﬁcation direct
comparisons are not possible and instead the post-mortem DNA
proﬁles generated have to be compared with ante-mortem DNA
proﬁles from relatives. While most laboratories have the capacity
to carry out relatively simple kinship testing, for example,
paternity testing, the evaluation of complex kinship cases is more
challenging [58]. Specialist computer software is often required to
undertake comparisons of ante- and post-mortem data and
perform complex kinship calculations. Both freeware and

5. Guidelines for undertaking the Identiﬁcation of human
remains and the use of DNA proﬁling
When forensic science and medicine are employed to provide
data that will inﬂuence the outcome of legal processes, whether
they are civil or criminal, there is an expectation that robust
practices will be employed to ensure the quality of the data that are
generated and that the data are used appropriately to inform
decisions. Guidelines exist covering the technical and procedural
aspects of forensic DNA proﬁling, some of which are international
in scope whilst other are intended for domestic use, although they
may have relevance in a broader context.
5.1. International Organization for Standardization (ISO) standards
The ISO is a non-governmental body that develops standards
covering a wide range of industrial sectors. Two standards have a
high relevance to the identiﬁcation of human remains: ISO/IEC
17020:2012 ‘Conformity assessment — Requirements for the

W.H. Goodwin / Forensic Science International 278 (2017) 221–227

operation of various types of bodies performing inspection’ and
ISO/IEC 17025:2005 ‘General requirements for the competence of
testing and calibration laboratories’. ISO/IEC 17020:2012 is used in
some jurisdictions in relation to the recovery of evidence, usually
in terms of crime scene investigation, but also has applicability to
the recovery of human remains. ISO/IEC 17025:2005 is widely used
as a standard for forensic genetics. It is a technical standard than
ensures several good practices relevant to testing and calibration
laboratories and has relevance to many areas of forensic science,
including genetics.
As the titles of the standards imply they are not written
speciﬁcally for forensic science, but have a broad target audience.
In order to bridge some of the gaps in the standard for effective
application to some aspects of forensic work a supplementary
publication, ILAC G19:08/2014 Modules in a Forensic Science
Process, by the International Laboratory Accreditation Cooperation
Organization (ILAC), has been produced for use in conjunction with
the ISO standards. While the ISO and ILAC standards deal with
important aspects of forensic genetics they do not provide any
guidance on the methodology or procedures that are most
appropriate for either routine forensic work or complex cases
involving the identiﬁcation of human remains.
5.2. Disaster Victim Identiﬁcation (DVI) guidelines
The International Police Organization (Interpol) is the lead
international organization for DVI and has produced guidelines [1]
that have been widely disseminated and incorporated into national
practice in multiple countries. Elements of Interpol’s DVI guidelines have direct relevance to the identiﬁcation of human remains
following ACOSV.
Following the experience of the identiﬁcation program following the World Trade Center attack the National Institute of Justice
(USA) published ‘Lessons Learned from 9/11’ [64]. The American
Association of Blood Banks (AABB) has also published guidelines
on using DNA analysis for mass fatality operations [65] and the
Scientiﬁc Working Group on DNA Analysis Methods (USA)
(SWGDAM) has produced guidelines for missing persons casework
[66].
The International Society for Forensic Genetics also published a
set of guidelines for the use of DNA in DVI [48], drawing on
extensive experience for the forensic community involved largescale programs that incorporated a genetic component, such as the
World Trade Center identiﬁcations and the work of the International Committee for Missing Persons (ICMP) in the Balkans.
In response to challenges faced in the ﬁeld, the International
Committee of the Red Cross (ICRC) produced a guide to best
practice for using DNA for identiﬁcations in ACOSV [67] that
provides practical advice on sample collection and an overview of
the potential for incorporating DNA into identiﬁcation programs.
In addition several publications deal with the experiences of
speciﬁc identiﬁcation programs that in many cases have a wider
relevance.
5.3. A good practice guide for the use of forensic genetics applied to
human rights and international humanitarian law investigations
Despite the wealth of guidance and case studies that have been
published there is a lack of guidance that draws on the extensive
experience of organizations that have been involved in identiﬁcation programs related to human rights and international humanitarian law investigations. This was articulated in Resolution
A/HRC/RES/10/26, adopted by the UN Human rights Council on
27th March 2009: Operative paragraph 6 “Requests the Ofﬁce of
the UN High Commissioner for Human Rights to request
information from States, intergovernmental and non-
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governmental organizations on best practices in the use of forensic
genetics for identifying victims of serious violations of human
rights and international humanitarian law with a view to
considering the possibility of drafting a manual that may serve
as a guide for the application of forensic genetics, including, where
appropriate, the voluntary creation and operation of genetic banks,
with appropriate safeguards.”
In response, Argentina’s Ministry for Foreign Affairs and
Worship (MREC), with the support of the ICRC coordinated
experts, both legal and forensic, within Argentina (including the
Argentine Forensic Anthropology Team (EAAF) and the Grandmothers of Plaza Mayo), Latin America, Spain and Portugal, and
then worldwide have produced guidelines that aim to support
States and Agencies that are tasked with undertaking such
sensitive and complex investigations [68].
The resulting guidelines [2] comprise four sections: an
overview of the forensic and ethical issues faced when undertaking
this type of investigation; legal aspects of human rights (HR)/
international humanitarian law (IHL) violations with reference to
the identiﬁcation of victims; the use of personal genetic data when
identifying victims of HR/IHL abuses; and technical aspects of
incorporating forensic genetics into an identiﬁcation program. The
guidelines consolidate the experiences of several agencies working
with situations that involve abuses of human rights law and
international humanitarian law, largely in South and Central
America. The guidelines provide legal and ethical, as well as
technical, guidelines, that it is envisaged will be a valuable
reference for forensic investigations framed under international
human rights and international humanitarian law provisions. The
guidelines have been promoted to national agencies, regional
intergovernmental organizations such as MERCOSUR in South and
Central America and the 2015 to the United Nations 28th Session of
the Human Rights Council.
6. Discussion and conclusions
The investigation of cases of ACOSV are nearly always
complicated by a myriad of factors such as the time elapsed
between the events occurring and the investigations being
undertaken, the systematic destruction of evidence (including
the victims), typically large numbers of victims, and the necessity
for cooperation across international borders following international conﬂicts between parties or in some cases between parties
currently in a state of conﬂict.
Forensic genetics, in combination with other forensic lines of
evidence that can collectively contribute to robust identiﬁcations
and allow the remains to be returned to the families of the missing.
Several guidelines and standards are published that draw on
previous experiences to improve both the processes employed to
establish identities of victims and also technical aspects of the data
collection and analysis.
In most cases of ACOSV, especially when large numbers of
victims are involved, DNA data will be needed in order to make a
robust identiﬁcation. Sometimes this is possible, indeed necessary,
using DNA in isolation. However, when other lines of evidence are
available to either generate hypotheses of identity for victims or to
test the hypotheses of identity generated by DNA analyses through
a DNA-led approach then the potential for misidentiﬁcations is
reduced. The importance of this cannot be underestimated; a small
number of misidentiﬁcations can cause the families of the missing
to lose conﬁdence in the validity of the identiﬁcation process and
so increase their torment [69].
The guidelines developed through the Argentine government,
who since the early 1980s pioneered the application of forensic
methods, including forensic genetics, to investigations of HR/IHL
violations and the search for the missing summarize the
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experiences of over three decades from several agencies. The
search for the missing being initiated in an increasing number of
contexts and continues in others. DNA analysis continues to evolve,
becoming more sensitive and powerful as more markers can be
analyzed, which in turn widens the scope of cases where forensic
genetics can be applied and contribute to robust identiﬁcation. By
drawing on the experiences from a broad range of contexts, the
States, agencies and parties involved in the identiﬁcation of victims
of ACOSV can be more effective in their identiﬁcation programs and
ultimately reduce the suffering of the families of the missing.

References
[1] Interpol, Disaster Victim Identiﬁcation Guide, (2014) .
[2] MREC, ICRC, Good Practice Guide for the use of Forensic Genetics in
Investigations into Human Rights and International Humanitarian Law
Violations, ICRC, Geneva, 2014.
[3] United Nations, Annual Report of the United Nations High Commissioner for
Human Rights and Reports of the Ofﬁce of the High Commissioner and the
Secretary-General, (2009) A/HRC/10/28.
[4] R. Arditti, M.B. Lykes, “Recovering identity”. The work of the grandmothers of
Plaza de Mayo, Women’s Stud. Int. Forum 15 (1992) 461–471.
[5] V.B. Penchaszadeh, L. Schuler-Faccini, Genetics and human rights. two
histories: Restoring genetic identity after forced disappearance and identity
suppression in Argentina and after compulsory isolation for leprosy in Brazil,
Genet. Mol. Biol. 37 (2014) 299–304.
[6] V.B. Penchaszadeh, Ethical, legal and social issues in restoring genetic identity
after forced disappearance and suppression of identity in Argentina, J.
Community Genet. 6 (2015) 207–213.
[7] A.J. Jeffreys, V. Wilson, S.L. Thein, Hypervariable ‘minisatellite’ regions in
human DNA, Nature 314 (1985) 67–73.
[8] A.J. Jeffreys, V. Wilson, S.L. Thein, Individual-speciﬁc ‘ﬁngerprints’ of human
DNA, Nature 316 (1985) 76–79.
[9] P. Gill, A.J. Jeffreys, D.J. Werrett, Forensic application of DNA ‘ﬁngerprints’,
Nature 318 (1985) 577–579.
[10] M.N. Hochmeister, B. Budowle, U.V. Borer, U. Eggmann, C.T. Comey, R.
Dirnhofer, Typing of deoxyribonucleic acid (DNA) extracted from compact
bone from human remains, J. Forensic Sci. 36 (1991) 1649–1661.
[11] E. Hagelberg, I.C. Gray, A.J. Jeffreys, Identiﬁcation of the skeletal remains of a
murder victim by DNA analysis, Nature 352 (1991) 427–429.
[12] B. Olaisen, M. Stenersen, B. Mevåg, Identiﬁcation by DNA analysis of the
victims of the August 1996 Spitsbergen civil aircraft disaster, Nat. Genet. 15
(1997) 402–405.
[13] L.G. Biesecker, J.E. Bailey-Wilson, J. Ballantyne, H. Baum, F.R. Bieber, C. Brenner,
et al., DNA identiﬁcations after the 9/11 World Trade Center attack, Science 310
(2005) 1122–1123.
[14] Z.M. Budimlija, M.K. Prinz, A. Zelson-Mundorff, J. Wiersema, E. Bartelink, G.
MacKinnon, et al., World Trade Center human identiﬁcation project:
Experiences with individual body identiﬁcation cases, Croat. Med. J. 44
(2003) 259–263.
[15] T.J. Parsons, R. Huel, J. Davoren, C. Katzmarzyk, A. Miloš, A. Selmanovic,
et al., Application of novel mini-amplicon STR multiplexes to high volume
casework on degraded skeletal remains, Forensic Sci. Int. Genet. 1 (2007)
175–179.
[16] J. Davoren, D. Vanek, R. Konjhodzic, J. Crews, E. Hufﬁne, T.J. Parsons, Highly
effective DNA extraction method for nuclear short tandem repeat testing of
skeletal remains from mass graves, Croat. Med. J. 48 (2007) 478–485.
[17] M.S. Puerto, S. Egaña, M. Doretti, C.M. Vullo, A multidisciplinary approach to
commingled remains analysis: anthropology, genetics, and background
information, Commingled Human Remains: Methods in Recovery, Analysis,
and Identiﬁcation, (2014) , pp. 307–335.
[18] J. Taylor, A brief history of forensic odontology and disaster victim
identiﬁcation practices in Australia, J. Forensic Odonto-Stomatol. 27 (2009)
64–74.
[19] P. Schuller-Götzburg, J. Suchanek, Forensic odontologists successfully identify
tsunami victims in Phuket, Thailand, Forensic Sci. Int. 171 (2007) 204–207.
[20] M. Šlaus, D. Strinovic, V. Petrovecki, V. Vyroubal, Contribution of forensic
anthropology to identiﬁcation process in Croatia: examples of victims
recovered in wells, Croat. Med. J. 48 (2007) 503–512.
[21] M.P. Schou, P.J.T. Knudsen, The Danish disaster victim identiﬁcation effort in
the Thai Tsunami: organisation and results, Forensic Sci. Med. Pathol. 8 (2012)
125–130.
[22] M.S. Nazir, S. Iyavoo, S. Alimat, N. Zahra, S.H. Sanqoor, J.A. Smith, et al.,
Development of a multiplex system to assess DNA persistence in taphonomic
studies, Electrophoresis 34 (2013) 3352–3360.
[23] L.V. Baptista, N. Rattanarungruang, P. Woharndee, W. Goodwin, DNA
persistance in soft tissues exposed to extreme environments, Forensic Sci.
Int. Genet. Suppl. Ser. 5 (2015) e216–e217.
[24] A. Roeper, W. Reichert, R. Mattem, The Achilles tendon as a DNA source for STR
typing of highly decayed corpses, Forensic Sci. Int. 173 (2007) 103–106.

[25] M. Allouche, M. Hamdoum, P. Mangin, V. Castella, Genetic identiﬁcation of
decomposed cadavers using nails as DNA source, Forensic Sci. Int. Genet. 3
(2008) 46–49.
[26] A. Schlenker, K. Grimble, A. Azim, R. Owen, D. Hartman, Toenails as an
alternative source material for the extraction of DNA from decomposed human
remains, Forensic Sci. Int. 258 (2016) 1–10.
[27] C.L. Michaud, D.R. Foran, Simpliﬁed ﬁeld preservation of tissues for subsequent
DNA analyses, J. Forensic Sci. 56 (2011) 846–852.
[28] A. Allen-Hall, D. McNevin, Human tissue preservation for disaster victim
identiﬁcation (DVI) in tropical climates, Forensic Sci. Int. Genet. 6 (2012)
653–657.
[29] T. Lindahl, Instability and decay of the primary structure of DNA, Nature 362
(1993) 709–715.
[30] A. Alonso, S. Andelinovic, P. Martin, D. Sutlovic, I. Erceg, E. Hufﬁne, et al., DNA
typing from skeletal remains: evaluation of multiplex and megaplex STR
systems on DNA isolated from bone and teeth samples, Croat. Med. J. 42 (2001)
260–266.
[31] D.Z.C. Hines, M. Vennemeyer, S. Amory, R.L.M. Huel, I. Hanson, C. Katzmarzyk,
et al., Prioritized sampling of bone and teeth for DNA analysis in commingled
cases, Commingled Human Remains: Methods in Recovery, Analysis, and
Identiﬁcation, (2014) , pp. 275–305.
[32] A. Milos, A. Selmanovic, L. Smajlovic, R.L.M. Huel, C. Katzmarzyk, A. Rizvic,
et al., Success rates of nuclear short tandem repeat typing from different
skeletal elements, Croat. Med. J. 48 (2007) 486–493.
[33] A. Mundorff, J.M. Davoren, Examination of DNA yield rates for different skeletal
elements at increasing post mortem intervals, Forensic Sci. Int. Genet. 8 (2014)
55–63.
[34] A.Z. Mundorff, E.J. Bartelink, E. Mar-Cash, DNA preservation in skeletal
elements from the World Trade Center disaster: recommendations for mass
fatality management, J. Forensic Sci. 54 (2009) 739–745.
[35] B.M. Kemp, D.G. Smith, Use of bleach to eliminate contaminating DNA from the
surface of bones and teeth, Forensic Sci. Int. 154 (2005) 53–61.
[36] S.M. Edson, T.P. McMahon, Extraction of DNA from skeletal remains, in: W.
Goodwin (Ed.), Forensic DNA Typing Protocols, 2 ed., 2016, pp. 69–88.
[37] I.Z. Pajnic, Extraction of DNA from human skeletal material, in: W. Goodwin
(Ed.), Forensic DNA Typing Protocols, Humana Press, New York, 2016, pp.
89–108.
[38] D. Sweet, D. Hildebrand, Recovery of DNA from human teeth by cryogenic
grinding, J. Forensic Sci. 43 (1998) 1199–1202.
[39] S. Amory, R. Huel, A. Bilic, O. Loreille, T.J. Parsons, Automatable full
demineralization DNA extraction procedure from degraded skeletal remains,
Forensic Sci. Int. Genet. 6 (2012) 398–406.
[40] O.M. Loreille, T.M. Diegoli, J.A. Irwin, M.D. Coble, T.J. Parsons, High efﬁciency
DNA extraction from bone by total demineralization, Forensic Sci. Int. Genet. 1
(2007) 191–195.
[41] S. Edson, J.P. Ross, M.D. Coble, T.J. Parsons, S.M. Barritt, Naming the dead—
confronting the realities of rapid identiﬁcation of degraded skeletal remains,
Forensic Sci. Rev. 16 (2004) 64–89.
[42] M. Brevnov, J. Mundt, J. Benﬁeld, L. Treat-Clemons, G. Kalusche, J. Meredith,
et al., Automated extraction of DNA from forensic sample types using the
prepﬁler automated forensic DNA extraction kit, J. Forensic Sci. 14 (2009)
294–302.
[43] I. Zupanic Pajnic, B. Gornjak Pogorelc, J. Balažic, Molecular genetic identiﬁcation of skeletal remains from the Second World War Konﬁn I mass grave in
Slovenia, Int. J. Leg. Med. 124 (2010) 307–317.
[44] N. Zahra, S. Hadi, J.A. Smith, A. Iyengar, W. Goodwin, Development of internal
ampliﬁcation controls for DNA proﬁling with the AmpFlSTR 1 SGM Plus 1 kit,
Electrophoresis 32 (2011) 1371–1378.
[45] T. Zupanc, J. Balazic, B. Stefanic, I. Zupanic Pajnic, Performance of the human
quantiﬁler, the investigator quantiplex and the investigator ESSplex plus kit
for quantiﬁcation and nuclear DNA typing of old skeletal remains, Rom. J. Leg.
Med. 21 (2013) 119–124.
[46] K. Wright, A. Mundorff, J. Chaseling, A. Forrest, C. Maguire, D.I. Crane, A new
disaster victim identiﬁcation management strategy targeting near identiﬁcation-threshold cases: experiences from the Boxing Day tsunami, Forensic Sci.
Int. 250 (2015) 91–97.
[47] W. Goodwin, C. Peel, Theoretical value of the recommended expanded
European Standard Set of STR loci for the identiﬁcation of human remains,
Med. Sci. Law 52 (2012) 162–168.
[48] M. Prinz, A. Carracedo, W.R. Mayr, N. Morling, T.J. Parsons, A. Sajantila, et al.,
DNA Commission of the International Society for Forensic Genetics (ISFG):
recommendations regarding the role of forensic genetics for disaster victim
identiﬁcation (DVI), Forensic Sci. Int. Genet. 1 (2007) 3–12.
[49] M.C. Kline, D.L. Duewer, J.W. Redman, J.M. Butler, D.A. Boyer, Polymerase chain
reaction ampliﬁcation of DNA from aged blood stains: quantitative evaluation
of the suitability for purpose of four ﬁlter papers as archival media, Anal.
Chem. 74 (2002) 1863–1869.
[50] A.L. Rahikainen, J.U. Palo, W. de Leeuw, B. Budowle, A. Sajantila, DNA quality
and quantity from up to 16 years old post-mortem blood stored on FTA cards,
Forensic Sci. Int. 261 (2016) 148–153.
[51] M. Stangegaard, C. Børsting, L. Ferrero-Miliani, R. Frank-Hansen, L. Poulsen, A.J.
Hansen, et al., Evaluation of four automated protocols for extraction of DNA
from FTA cards, J. Lab. Autom. 18 (2013) 404–410.
[52] B. Budowle, T.R. Moretti, A.L. Baumstark, D.A. Defenbaugh, K.M. Keys,
Population data on the thirteen CODIS core short tandem repeat loci in

W.H. Goodwin / Forensic Science International 278 (2017) 221–227

[53]

[54]

[55]
[56]

[57]
[58]

[59]
[60]

African Americans, U.S. Caucasians Hispanics, Bahamians, Jamaicans, and
Trinidadians, J. Forensic Sci. 44 (1999) 1277–1286.
B.E. Krenke, A. Tereba, S.J. Anderson, E. Buel, S. Culhane, C.J. Finis, et al.,
Validation of a 16-locus ﬂuorescent multiplex system, J. Forensic Sci. 47 (2002)
773–785.
P.J. Collins, L.K. Hennessy, C.S. Leibelt, R.K. Roby, D.J. Reeder, P.A. Foxall,
Developmental validation of a single-tube ampliﬁcation of the 13 CODIS STR
loci, D2S1338, D19S433, and amelogenin: the AmpFlSTR1 identiﬁler1 PCR
ampliﬁcation kit, J. Forensic Sci. 49 (2004) 1265–1277.
T.C. Boles, C.C. Snow, E. Stover, Forensic DNA testing on skeletal remains from
mass graves: a pilot project in Guatemala, J. Forensic Sci. 40 (1995) 349–355.
B. Leclair, R. Shaler, G.R. Carmody, K. Eliason, B.C. Hendrickson, T. Judkins, et al.,
Bioinformatics and human identiﬁcation in mass fatality incidents: the World
Trade Center disaster, J. Forensic Sci. 52 (2007) 806–819.
ENFSI, ENFSI Guidelines for Evaluative Reporting in Forensic Science, (2015) ,
pp. 1–126.
C.M. Vullo, M. Romero, L. Catelli, M. Šakic, V.G. Saragoni, M.J. Jimenez
Pleguezuelos, et al., GHEP-ISFG collaborative simulated exercise for DVI/MPI:
lessons learned about large-scale proﬁle database comparisons, Forensic Sci.
Int. Genet. 21 (2016) 45–53.
C.H. Brenner, Symbolic kinship program, Genetics 145 (1997) 535–542.
S. Palomo-Díez, A.M. López-Parra, C. Gomes, C. Baeza-Richer, A. EsparzaArroyo, E. Arroyo-Pardo, Kinship analysis in mass graves: evaluation of the
Blind Search tool of the Familias 3.0 Software in critical samples, Forensic Sci.
Int. Genet. Suppl. Ser. 5 (2015) e547–e550.

227

[61] T. Egeland, P.F. Mostad, B. Mevåg, M. Stenersen, Beyond traditional paternity
and identiﬁcation cases. Selecting the most probable pedigree, Forensic Sci.
Int. 110 (2000) 47–59.
[62] H.D. Cash, J.W. Hoyle, A.J. Sutton, Development under extreme conditions:
forensic bioinformatics in the wake of the World Trade Center disaster, Pac.
Symp. Biocomput. 63 (2003) 638–653.
[63] D.W. Gjertson, C.H. Brenner, M.P. Baur, A. Carracedo, F. Guidet, J.A. Luque, et al.,
ISFG: recommendations on biostatistics in paternity testing, Forensic Sci. Int.
Genet. 1 (2007) 223–231.
[64] National Institute of Justice, Lessons Learned from 9/11: DNA Identiﬁcation in
Mass Fatality Incidents, NIJ, Washington, 2006.
[65] American Association of Blood Banks, Guidelines for Mass Fatality DNA
Identiﬁcation Operations, AABB, Bethesda MD, 2010.
[66] SWGDAM, SWGDAM Guidelines for Missing Persons Casework, (2014) , pp.1–28.
[67] International Committee of the Red Cross, Missing people, ‘DNA analysis and
identiﬁcation of human remains: a guide to best practicein in Armed Conﬂict
and other situations of armed violence, 2nd ed., ICRC, Geneva, 2009.
[68] M. Tidball-Binz, V. Penchaszadeh, C. Vullo, M. Salado Puerto, L. Fondebrider, E.
Carlotto, et al., A good practice guide for the use of forensic genetics applied to
human rights and international humanitarian law investigations, Forensic Sci.
Int. Genet. Suppl. Ser. 4 (2013).
[69] M. Wyndham, P. Read, From state terrorism to state errorism: post-pinochet
Chile’s long search for truth and justice, Public Hist. 32 (2010) 31–44.

