é‘% genealogy

Review

Difficulties in Kinship Analysis for Victims’ Identification in
Armed Conflicts

Gabriel Manera-Scliar I'*, Santiago Hernandez 1"

check for
updates

Citation: Manera-Scliar, Gabriel,
Santiago Hernandez, Miguel
Martin-Lépez, and Claudia Gomes.
2023. Difficulties in Kinship Analysis
for Victims’ Identification in Armed
Conlflicts. Genealogy 7: 31. https://
doi.org/10.3390/ genealogy7020031

Received: 3 March 2023
Revised: 23 April 2023
Accepted: 26 April 2023
Published: 29 April 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1 3,%

, Miguel Martin-Lépez ! and Claudia Gomes

1 Medicine School, Complutense University of Madrid, 28040 Madrid, Spain

Legal Medicine, Psychiatry and Pathology Department, Medicine School, Complutense University of Madrid,
28040 Madrid, Spain

Forensic Sciences Group, Forensic Genetics and Toxicology, Health Research Institute of the Hospital Clinico
San Carlos (IdISSC), 28040 Madrid, Spain

Correspondence: clopes01@ucm.es

t These authors contributed equally to this work.

Abstract: Regarding human identification in armed conflicts, various complications can be observed.
Usually, such difficulties can be social-related, which can include the lack of access to the relative’s
genetic material, or the unwillingness of administrative and judicial authorities to participate in the
process of identification. In the case of genetics, the analysis allows identifying the individual from
a blood sample, a part of an organ, or from skeletal remains, which is why it is considered a much
more extensive and effective method when compared with fingerprint techniques or odontology.
However, several factors can prevent this identification, such as considerably degraded genetic
material. For successful identification, it is mandatory to have access to antemortem biological
samples unequivocally attributed to the individual in question, using recombinant nuclear markers,
as well as using biological samples from close relatives, whether parents or sons. Nevertheless, the
problems associated with armed conflicts make this type of study very difficult. In this article, we
focus on the main difficulties encountered when identifying an individual victim of an armed conflict,
as well as on the possibilities that exist and on viable measures that could be required to improve the
identification of these victims.
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1. Introduction

Armed conflicts and terrorist acts, characterized by hostility, aggression, and (extreme)
violence (Singh et al. 2022), usually bring with them the disappearance or the profound
difficulty to identify numerous persons. The situation of these individuals can be quite
variable, from their disappearance in formal displacements to escape or participate in the
conflict (Le and Nguyen 2020), or due to a possible arrest and/or execution, with what this
implies. Other persons may have been victims of various events of the conflict itself and
have perished, for example, victims of bombings, explosions, attacks with grenades, and
missiles, among others.

Regardless of the reason for the individual’s disappearance, the lack of news about his
well-being or activity leads to a deep feeling of insecurity in the society in question, mainly
among the affected relatives. The adequate recovery and identification of human remains
is a necessary process during and after an armed conflict, for the reparation not only of
the relatives of disappeared persons but also for the re-establishment of the community
identity itself.

Armed Conflicts and Victim Identification

Since the formation of different human societies and the consequent group relation-
ships, conflicts have always existed (Calleja 2008; Strathern and Stewart 2008; Theune
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2022). For different reasons, the armed conflict has always been the (most) violent way of
solving numerous problems (Fry 2008), from the conquest of territories to the resolution
of “questions of honour” (Strathern and Stewart 2008; Singh et al. 2022). Although armed
conflict is not a contemporary strategy for “solving problems” (Calleja 2008; Strathern and
Stewart 2008; Fry 2008; Theune 2022), this article focuses on the most recognized conflicts
in the 20th century, both due to the numbers of human deceased found, as well as their
repercussions on their relatives (Strathern and Stewart 2008), many of them still alive. The
list of armed conflicts on different continents during the 20th century is quite extensive.
Below are some examples of the different armed conflicts that resulted in a truly impressive
number of victims (Harbom and Wallensteen 2007; Pettersson and Wallensteen 2015; Le
and Nguyen 2020), the majority of which remain unidentified.

Europe has been the scene of more than 100 conflicts and local uprisings, including
two world wars. Table 1 briefly indicates some armed conflicts and the estimated number
of deaths.

Table 1. Estimated number of deaths in some of the armed conflicts that devastated Europe, Asia,
Africa, and America.

Armed Conflict Date Estimated Number of Deaths
Finnish civil war \ 1918 Over 33,000 (Finnish Government Project 2004)
Russian civil war 1917-1921 7,000,000-12,000,000 (Holquist 2002)
Irish civil war \ 1922-1923 300-400 (Durney 2011)
Austrian civil war 1934 100-1000 (Lehne and Lonnie 1985)
Spanish civil war 1936-1939 Over 300,000 (Thomas é?gd%f eslltrer;k218127(;12; Alonso-Milan 2015;
.. Over 150,000 (O’Balance 1966; Jones 1989; Lomperis 1996;
Greek civil war 1945-1949 (Bercovitch and ]ickson 1997) :
Albanian civil war \ 1997 2000-3800 (Jarvis 2000)
Korean civil war 1950-1953 2,000,000-3,000,000 (Lewy 1980; Cumings 2011)
Nepalese civil war \ 1996-2006 12,000 (OCHA Services 2012)
Angola civil war 1961-1974 500,000-800,000 (Resource Information Center 2000)
Algeria civil war \ 1954-1962 150,000 (Hagelstein 2007)
Burundi civil war 1993-2005 300,000 (BBC 2008)
Rwanda civil war \ 1994 500,000-800,000 (Cunningham 2011)
Second Sudanese Civil War 2013-2020 1,000,000-2,500,000 (U.S. Committee for Refugees and Immigrants 2001)
Cuban Revolution \ 1956-1959 Over 3000 (Dixon and Sarkees 2015)
Chaco War (Paraguay-Bolivia,) 1932-1935 70,000 (Eckhardt and Sivard 1987)
Brazil-Constitutionalist Revolution 1964-1985 2500-3000 (Hilton 1982)
Chile 1973-1990 Over 3000 (Truth Commission: Chile 90 n.d.)

One of the best-monitored conflicts in terms of the number of victims was the conflict
in the former Yugoslavia during the 1990s. According to the International Commission
for Missing Persons (ICMP 2022), it is estimated that 40,000 persons went missing or were
killed as a consequence of armed conflict, abuses of human rights, and other atrocities
(ICMP 2022).

2. Civil and Family Involvement in the Identification Process

Taking as an example the Spanish Civil War (1936-1939), considered the military
preparation for the Second World War, several graves are, gradually, being studied (Baeta
et al. 2019a, 2019b; C. Gomes et al. 2019a, 2019b; Palomo-Diez et al. 2019; Etxeberria et al.
2021; Herrasti et al. 2021; Palomo-Diez et al. 2021), mostly due to the concerns of the
affected family members. It is estimated that the number of victims could exceed 300,000
individuals (Thomas 1977; Simkin 2012; Alonso-Milan 2015; Clodfelter 2017). The action
model for the identification of human remains is based on annual governmental calls for
family or historical associations so that they take the necessary steps for the identification
process to begin properly (Rios 2012; Etxeberria et al. 2021; Herrasti et al. 2021). The
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financial support initially provided by families and/or associations is what often allows for
the beginning of the investigation process and the victims’ identification (Etxeberria et al.
2021; Herrasti et al. 2021). For example, in the case of Catalonia (Spain), the government
of the Generalitat has taken the initiative to call public tenders for the identification of
individuals who died in the Civil War and during the Franco Dictatorship in that specific
territory (Palomo-Diez et al. 2019). An important law was published in that country in the
year 2022 (Ley 20/2022, of October 19, of Democratic Memoria), where one of the primary
objectives is to encourage the identification of individuals both during the Civil War and
during the subsequent dictatorship.

3. The International Commission for Mission Persons—ICMP

The International Commission for Mission Persons, ICMP, physically situated in The
Hague, Netherlands, works with different civil society organizations and governments to
investigate “people who have gone missing as a result of armed conflict, human rights
abuses, disasters, organized crime, irregular migration and other causes” (ICMP 2022).
ICMP aims to promote legislation in affected countries and provide scientific and special-
ized knowledge to locate and identify victims. On the other hand, ICMP supports the
process of justice, guaranteeing that governments adhere to a rule-of-law-based approach
to investigating disappearances and presenting, whenever possible, evidence in criminal
trials. Since its creation in 1996, the ICMP has been implicated in the excavation of more
than “3000 mass and clandestine gravesites” (ICMP 2022) and has been also involved in
the identification of more than 20,000 persons from different conflicts.

ICMP operates at a global level, as can be seen on its official website (https://www.
icmp.int/where-we-work/, accessed on 16 January 2023), in different regions of Africa,
Europe, the Americas, and Asia. However, for this organization to act, it is mandatory to
cooperate with the governments in question, so many of the world’s armed conflicts are
beyond its reach. Examples include the Spanish Civil War (1936-1939), Afghanistan (from
the 1970s of the 20th century), Argentina (from the 1960s to the 1980s of the 20th century),
the period of armed terrorist conflict in Peru (1980-2000), Burundi (since 2015), and Nigeria
(since from 2015).

4. An Attempt to Harmonize Human Identification—Interpol DVI Protocol

In 1984, in an attempt to standardize procedures for carrying out human identification
in cases of disasters, Interpol published a guide for the first time—the Interpol Manual for
the Identification of Victims. Through time, technological progress and the new experiences
acquired by governments after numerous catastrophes led to a necessary revision of this
guide. Updating and correcting the manual led to the publication in 1997 of the Disaster
Victim Identification Guide. It provides practical guidance on the issue of victim identifica-
tion, allowing better and faster identification in the event of an actual disaster situation.
This guide has inevitably had to go through many scrutiny processes, but it continues
as the central document used by Interpol member countries, and an updated version is
currently available in 2018 (INTERPOL 2018). Following Interpol’s recommendations,
many countries should have a special national team for the disaster victim identification
(DVI) process. This protocol should be activated whenever necessary, and the procedures
to follow and the limitations of the centers must be known in advance. In a case of disaster,
open communication must be established with local laboratories, private or not, if more
resources are needed in an emergency. Additionally, an agreement between teams from
different nations must exist as a way to guarantee a plan in the event of an international
catastrophe (Vullo 2019).

While following the standards outlined in the guide, the organizations responsible for
this identification process may encounter various obstacles in their efforts. This protocol
remains without application in most cases of 20th-century civil wars, not only because
of its antiquity and lack of immediacy but also because, in many cases, the governments
themselves do not consider these identifications as a priority, therefore, as a catastrophe.
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According to the Interpol Manual for Victims Identification, the process consists of
four stages (INTERPOL 2018): (1) the examination of the crime scene; (2) recovery of
postmortem (PM) data; (3) recovery of antemortem (AM) data, and (4) harmonization.
The third stage, in particular, depends largely on the existence of living relatives who can
provide useful information on the victim before his death (antemortem data). They do so
through personal interviews and provide data such as (INTERPOL 2018; Vullo 2019):

e Biological samples for genetic identification—DNA sources can be medical samples,
personal belongings, or relatives of the victim.
Surgical data—provision of a detailed medical history.
Dental data—including the facilitation of contact with the last dentist that the victim
visited, to obtain an updated dental profile.

o  Affiliation data—including the National Identity Document, driver’s wallet, passport,
etc.
Detailed physical description, including scars, moles, malformations, tattoos, etc.
A detailed description of the clothing he was wearing at the time of his death and his
personal effects (piercings, earrings, glasses, rings, etc.)

The harmonization that is performed later consists in the comparison of the ante-
mortem with the postmortem data. In this way, a profile is made for the identification of the
individual. It is possible that in some cases certain anthropological reconstructions allow for
guiding toward identification, especially when there are unique physical characteristics that
can lead to an unequivocal identification. If no one is looking for that specific victim, that
is, if the information necessary for comparison with the postmortem data is not provided,
it is most likely that person will never be identified.

5. Types of Identification in Armed Conflicts

In the case of perished individuals, whose identification cannot be carried out by
traditional methods, such as through identification documents, or in certain circumstances,
finding the cadaver inside the residence, the identification procedures are normally based
on three scientific methods proposed by INTERPOL, namely (from greater methodological
facility and low cost, to greater methodological complexity and higher cost): fingerprint
identification, dental identification, and genetic identification, as explained in the follow-
ing sections.

5.1. Fingerprint Techniques

Lofoscopy is the science dedicated to human identification that is based on the study of
the epidermal crests on the extremities of the fingers (dactyloscopy), palms of the hands (chi-
roscopy), and soles of the feet (pelmatoscopy) (Correia and Pinheiro 2013), and cheiloscopy
(lip prints). Fingermarks are the impressions—generally “latent” (invisible)—which are left
on smooth surfaces that are touched with bare hands. Such impressions will typically be
composed of natural secretions plus contaminants derived from the environment. Various
optical, physical, and chemical methods are available for the detection and recording of
these impressions (Bleay et al. 2018; Lennard 2019). Fingermarks can be compared to
reference fingerprints (e.g., from suspects or convicted offenders) to determine whether
they may have been deposited by a particular individual. Fingerprint classification is based
on the overall ridge pattern, while fingerprint identification (individualization) is based on
the configuration of individual ridge features, or minutiae (Bleay et al. 2018; Lennard 2019).

The identification of fatal victims of catastrophes of different etiologies has been suc-
cessfully carried out using this identification method which, among other advantages, has
proven to be effective, fast, and inexpensive (Correia and Pinheiro 2013). Additionally, the
existence of a fingerprints international software analysis is also an advantage, such as the
Automated Fingerprint Identification System (AFIS), a computer system that allows the
capture, consultation, and automatic comparison of fingerprints. At a European level, it is
also worth mentioning the existence of EURODAC, an informatic system, which collects,
transmits, and compares fingerprints, assisting, for example, in the examination of an
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application for international protection lodged in an EU Member State by a third-country
national or a stateless person. If two or more very similar individuals are present, with
identical personal data, the comparison of their fingerprints allows their individualiza-
tion. However, the identification of a fingerprint depends on the quantity and quality of
dermopapillary traces detected at the crime scene and on the availability of fingerprints
that allow unambiguous analysis, comparison, evaluation, and verification (Correia and
Pinheiro 2013).

The main problem associated with the identification with dactyloscopy techniques
in armed conflict, or other catastrophes scenarios, is the obligation of the human remains
to have fingerprints to analyze, if possible, in a good state of conservation, and that each
country has a national database to be able to perform comparisons.

5.2. Forensic Odontology

The aim of forensic odontology is the personal identification, of not only those muti-
lated, burnt, and decomposed, but also victims of bioterrorism and mass disasters (Forrest
2019; Jayakrishnan et al. 2021; Mohammed et al. 2022), using odontostomatological methods
(Labajo and Perea 2022; Mohammed et al. 2022).

The tooth is a fundamental piece of an anthropological record and necro-identification
since it has a series of characteristics that make it suitable for forensic studies, such as
resistance to physical, chemical, biological, and taphonomic agents. At the site of removal
of the corpse, the dentist can determine antemortem, perimortem, and postmortem odon-
tostomatological injuries, determine postmortem dental losses (which would indicate the
need to look for them in the place of discovery), classify, and individualize the located
pieces, and determine bite injuries, among others (Labajo and Perea 2022).

In the laboratory, the dentist studies the jaws and/or isolated dental pieces, to sub-
sequently perform a postmortem odontogram. With the comparison of the postmortem
and antemortem odontograms, as well as the dental radiological comparison, the dentist is
often able to determine the identity of the individual (Forrest 2019; Jayakrishnan et al. 2021;
Labajo and Perea 2022; Mohammed et al. 2022).

One of the most problematic situations is related to charred corpses since physical
destruction can be so significant that only the dental pieces are useful for the investigation
of the identity (Forrest 2019; Jayakrishnan et al. 2021; Labajo and Perea 2022; Mohammed
et al. 2022). On the other hand, although it could be considered an inexpensive method to
identify, it always requires antemortem information to perform comparisons.

According to each case and violence degree, human remains are frequently found
where it is not possible to perform identification by fingerprints or dental records, since
such procedures are only possible with specific organs.

5.3. Genetic Identification in Armed Conflicts

One of the advantages of genetic identification is the possibility to be applied to most
human samples. However, to identify an individual, or to attribute a sample to a specific
individual, two procedures can be done. On the one hand, antemortem biological samples
from the victim can be analyzed and compared with genetic profiles from the human
remains. On the other hand, the profile from the human remains can be compared with
biological samples from biological family members (Vullo 2019).

The different topics that involve the forensic genetics laboratory in the identification
process, and the considerations in each step, can be summarized as:

- Evaluation of postmortem samples;

- Evaluation and analysis of antemortem samples;
- Family member’s sample(s) selection;

- DNA extraction, quantification, and genotyping;
- Statistical evaluation.

Normally, the manipulation of biological samples for the identification of individuals
from armed conflicts (and also from other major catastrophes) is carried out in laboratories
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specialized in the analysis of degraded DNA. These laboratories usually have separate
areas, to avoid not only external contamination but also contamination between biological
samples. The areas dedicated to samples from postmortem victims are normally physically
isolated, with UV sterilization mechanisms both in the work equipment and in the walls
and ceiling, together with restricted access. All material used in these rooms is for single
use and disposable, and all personnel working in these areas are completely protected with
clothing that prevents the transfer of genetic material from the outside. Concerning the
areas used for the analysis of antemortem samples of the victims, along with the next of kin,
these are analyzed in areas that are also restricted, but with different characteristics, similar
to those used in the forensic casuistry of samples with a high concentration of genetic
material. In the case of family members, the sample normally used is saliva, due to its
universal character (it exists in men and women) and painless collection through the buccal
mucosa. Concerning the victim’s antemortem samples, they can range from biopsies to
other types of samples that can irrefutably be associated with the victim.

The evolution of forensic science and, in particular, forensic genetics through DNA
(deoxyribonucleic acid) analysis, has allowed many families of disappeared persons to
resolve the uncertainty about the unknown whereabouts of their relatives (Palomo-Diez
et al. 2019). Before the use of current genetic tools in forensic investigation, one of the
elements used in human identification programs was forensic homogenetic, a technique that
was applied particularly in Argentina during the 1980s and was based on the transmission
of the ABO system inherited (Toscanini 2019), applied widely as Ouchterlony’s test. The
first DNA profile was produced for forensic purposes in 1984, and since then, forensic DNA
analysis has evolved enormously, being more sensitive, accurate, cheaper, and faster. The
pioneering studies were complex, costly, and lacked the scope and facilities that forensic
genetics offers today. In recent years, the ability to recover and analyze low concentrations
of DNA from biological material has improved forensic genetics sensibility (Toscanini 2019),
both in terms of new techniques for extracting degraded DNA, and amplification, detection,
and sequencing, which have become increasingly more sensitive.

The same technology that enables samples recovered from a crime scene to be com-
pared with those from a suspect can be used to match human remains with biological
relatives of missing persons (Vullo 2019). Nevertheless, studying human remains from
armed conflicts or other catastrophes has associated problems that are less frequent at
crime scenes. For example, the possible exposure to heavy metals and in the case of being
exposed to external weather conditions, other complications can be observed, such as the
acceleration of the cadaveric decomposition and skeletonization, due to extreme tempera-
tures, excess soil humidity, acidity or basicity, among others. In general, these are factors
that lead to the degradation and/or destruction of genetic material (Emmons 2015).

In the case of armed conflicts, victims’ identification is usually performed using
samples from close relatives, as mentioned before. Autosomal markers (Baeta et al. 2019a;
C. Gomes et al. 2019b; Palomo-Diez et al. 2019; Gomes and Arroyo-Pardo 2022) are a widely
used tool to “individualize the individual” in question, attributing to her/him a unique
genetic profile. On the other hand, in cases where autosomal markers are not sufficient
to perform a kinship analysis (Pinto et al. 2011, 2012), due to an incomplete profile or in
the case of wanting to distinguish genealogies belonging to the same autosomal kinship
class (Pinto et al. 2010), X-markers are also a crucial tool in solving such cases, such as
X-InDels, since these markers have a high mean exclusion chance (MEC) (C. Gomes et al.
2020; I. Gomes et al. 2020), allowing to solve certain kinship questions, inaccessible with
autosomal markers (C. Gomes et al. 2012, 2020; I. Gomes et al. 2020), as it was described
by C. Gomes et al. (2019b) in a complex case from the Spanish Civil War. In this case,
X-InDels were essential to discard the paternity hypothesis, between a presumed father
and daughter. However, in the case of older armed conflicts, the existence of living close
relatives is increasingly scarce, being mandatory to evaluate other types of information,
such as lineage markers, despite its null power of discrimination.
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5.3.1. Direct Identification

Direct identification takes place when there is a biological sample or genetic profile
attributed to the victim in question. In this case, the analysis focuses on the comparison
of recombinant markers, usually by routine autosomal markers, verifying that there is no
difference between both profiles: antemortem and postmortem.

However, depending on the conditions of conservation of the corpse, the postmortem
genetic profile may be degraded and/or partial, and may even translate into an inconclusive
result. Thus, the genetic profile may be so partial that the genetic information could
belong, by frequency, to any of the individuals in that population. It is in these cases that
traditionally resort to the use of lineage markers to guide the investigation, since, although
they do not allow identification, they allow the inclusion or exclusion of the individual
from a family lineage in question.

5.3.2. Indirect Identification

The genetic identification of a cadaver to be carried out must take into account at
least two factors. First, what reference samples are available, and second, whether there
is genetic material available to carry out the genetic analysis (Vullo 2019). If we have
access to samples from close relatives or even antemortem samples that could be from the
deceased, the most used strategy is the employment of autosomal markers, since they allow
the analysis of individuals regardless of their molecular sex, and, in most cases, allow for
obtaining high LR values.

(a) Autosomal markers

Autosomal markers are genetic noncoding polymorphisms, located on autosomal
chromosomes (from chromosome 1 to chromosome 22). In each cell, there are always two
copies of each polymorphism, one on the chromosome inherited via the paternal path and
the other on the maternally inherited chromosome (Figure 1). Since it is inherited both
paternally and maternally, it is considered essential information for cadaveric identification,
since the probability that two unrelated individuals share exactly the same set of autosomal
polymorphisms, both maternally and paternally inherited, is highly unlikely. At present,
the set of polymorphisms that are analyzed allows a probability of identity of 6.58 x 10~
for the genetic kit PowerPlex® Fusion (Promega, Madison, WI, USA), referring to the
probability of two persons sharing the same genotype by chance and not by descent.

The identification of the individual through close relatives (such as father, mother,
and descendants) is carried out through a kinship test (Luque 2019; C. Gomes et al. 2020;
I. Gomes et al. 2020). In the case that the parents’ samples of the victim are available, the
kinship analysis consists of maternity and/or paternity tests, according to the available
individuals (Vullo 2019). A brother or sister may not share enough autosomal information
with the victim (Pinto et al. 2010) to obtain a sufficiently high probabilistic value to be
able to identify the individual. Indeed, for autosomal markers, two brothers/sisters or
brother—sister can be like two unrelated individuals, since there is no obligation that they
share identical autosomal genetic information by descent (Table 2) (Pinto et al. 2010). In the
case of possible grandparents, the case is even more complex, since the information that the
grandfather/grandmother transmitted to their offspring may not have been the information
the deceased received (Figure 1) (Pinto et al. 2010), due to recombination processes; thus, in
the case of identification, grandparents are never the first choice (Vullo 2019).

The normally accepted value beyond which the relationship is compatible with biolog-
ical maternity or paternity is equal to or greater than 99.9999% (Luque 2019). A lower value
normally excludes these relationships, considering that there may be up to a maximum
of three mutations between the considered individuals. Table 2 shows the allele-sharing
probability for some common genealogical relationships between noninbred individuals
(Pinto et al. 2010).
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A;B C;D

3 Victim I —
4

9
B;F D;L B;F

Figure 1. Autosomal marker utility in armed conflicts or other mass disaster victim identifications.
The letters (A, B, C ... ) represent alleles. In the example shown, female 1 has information A and B on
an autosomal chromosome pair and male 2 has information C and D for the same pair of autosomal
chromosomes. Their three children in common (individuals 3, 4, and 6) receive information from their
parents randomly, and, for example, individuals 3 and 4 do not share any autosomal information for
that marker in question; individuals 4 and 6 share part of the information, which they received, in
this case, through their mother. In this example, to identify victim 4, the most relevant autosomal
information would come from the parents (individuals 1 and 2) and his offspring (individuals 7, 8,
and 9). Source: Claudia Gomes (2020), self-authored.

Table 2. Allele-sharing probabilities through identity by descent (both alleles—k;; one—ky1; none—kj)
for some common genealogical relationships between pairs of noninbred individuals. Source: (Pinto
et al. 2010).

Allele Sharing Partitions

Genealogical Relationship

ko k1 ko
Parent-Child 0 1 0
Full siblings 1/4 1/2 1/4
Half siblings 0 1/2 1/2
Avuncular 0 1/2 1/2
Grandparent-Grandchild 0 1/2 1/2
Double first-cousins 1/16 3/8 9/16
First Cousins 0 1/4 3/4
Double half-cousins 1/64 7/32 49/64

This computation is, in fact, an inference, since there is no direct identification between
biological samples from the same individual. If the parents have, for example, two or more
missing descendants, if only one corpse is found and there are no antemortem samples, it
will only be possible to know that the individual was the son or daughter of those parents,
not being possible to know which of the missing descendants would be. In this case, other
factors could help a possible identification, such as the deceased’s sex and approximate
age, which is never a method as reliable as genetic identification.
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(b) X-chromosomal markers

Due to its transmission properties, X-chromosome markers have emerged as an ad-
vantage in certain genealogical situations, not only completing autosomal marker infor-
mation but also resolving certain kinship investigations unviable with autosomal markers
(C. Gomes et al. 2020; I. Gomes et al. 2020; Gomes and Arroyo-Pardo 2022). The trans-
mission depends on the sex of the individuals. In women’s cells, there is a pair of X-
chromosomes that recombine with each other, just like autosomes. As for male cells, the
X-chromosome has no homologue, only recombining with the Y-chromosome at the level
of the homologous PAR1 and PAR2 regions (Gomes and Arroyo-Pardo 2022). In this way,
a father transmits to all his daughters a full copy of his X-chromosome, while a mother
arbitrarily transmits a copy of one of her two X-chromosomes to daughters and sons, after
recombination, as for autosomes.

One of the relevant points for the analysis of genetic markers located on the X-
chromosome is related to the fact that it can distinguish biological relationships that are
indistinguishable when analyzed with autosomal markers (Pinto et al. 2010). In a case
of disaster or armed conflict where several victims of the same biological family are ob-
served, it is not possible to distinguish, for example, the relationship between “maternal
grandmother—granddaughter” and “maternal aunt-niece”. In the case of three female
cadavers, it is not possible to distinguish whether one of the women was the grandmother
or aunt of another woman using autosomal markers. This is due to the mode of trans-
mission of autosomal chromosomes over generations and the obligation, or not, to share
identical information by descent. As mentioned before, this obligation exists only between
parents and children (and identical twins). In the case of the X-chromosome, taking into
account the transmission and the fact that it depends on the biological sex of the individu-
als, some of these indistinguishable cases when studied with X-chromosome markers can
be distinguished.

Another advantage of the analysis of markers located on the X-chromosome, mainly
X-InDels (C. Gomes et al. 2019b, 2020) and X-SNPs, is the fact that it permits obtaining
probabilistic values that allow for excluding or accepting certain biological relationships
(C. Gomes et al. 2019b) when the analysis of autosomal markers proves to be insufficient
(Pinto et al. 2010).

In the case of the study of genetic markers located on the X-chromosome, the identifi-
cation of a deceased through relatives will depend, as already mentioned, on the usefulness
of the relative for this study. If a victim is a man and the available family members are
his father and son, then there is no possibility of carrying out a study of X-chromosome
markers (Figure 2). In the case of the mother or daughters, the X-chromosome study may
be as informative as the analysis of autosomal markers. In routine forensics, autosomal
markers continue to be the commonly used tool; however, the probabilistic kinship value
can be improved by studying X-chromosome markers. In case the nuclear information is
irremediably degraded, the most frequent routine is mitochondrial DNA (mtDNA) analysis.

(¢) Lineage markers
(c1) mtDNA

When the nuclear information is not informative, depending on the case in question
and when individuals are related by maternal side, mtDNA is traditionally used (Baeta
et al. 2019b; Marshall et al. 2019; Mienkerd et al. 2019; C. Gomes et al. 2019a; I. Gomes
et al. 2020; Palomo-Diez and Lopez-Parra 2022). Transmitted by the maternal side, without
recombination, between mothers and all their offspring, whether male or female (Figure 3),
the SNPs from the mtDNA allow, in the event of a match, to associate the victim with a
particular family. It does not allow the identification in its strict sense, it has a null power
of discrimination, since any member of this family through the mother’s side shares this
genetic information. Still, associated with other information (anthropological and historical,
among others) it allows for determining a unique profile of the individual, leading to a
later identification (C. Gomes et al. 2019a, 2019b; Palomo-Diez et al. 2019; Palomo-Diez and
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Lopez-Parra 2022). The problem arises if brothers, siblings, or other kinship by the maternal
side, must be identified using this type of genetic information. In this case, only with the
mtDNA information, it can only be said that the individuals belong to the same maternal
family, being impossible to distinguish between them based only on the mtDNA. The
great advantage this lineage marker presents is related to the fact that genetic information
from distant relatives can be used. In fact, in the case of armed conflicts, these data can be
crucial, since often the family members who request the analysis are either elderly (in the
case of old armed conflicts), or they are not close and maybe cousins, great-grandchildren,
nephews, and grandchildren, among others (Figure 3). Another fundamental point to
take into account is the high number of mtDNA copies in each cell, which increases the
probability of obtaining mitochondrial genetic information in biological samples in a high
state of degradation and decomposition.

Al B M;P ' B;D
3 Victim
;
9
B;M B;P P

Figure 2. X-chromosome marker utility in armed conflicts or other mass disaster victim identifica-
tions. All letters (A, B, D, ... ) represent letters. In cases where genetic markers of the X-chromosome
are analyzed, it is necessary to pay attention to the sex of the individuals, since the usefulness of this
chromosome is directly related to its mode of transmission. All females have two X-chromosomes;
each man has only one. Females 1 and 5 transmit their information to their offspring randomly. Indi-
viduals 2 and 4 only transmit their information to their daughters, and always the same information
since they have only one X-chromosome. For the possible identification of victim 4, only individuals
1 (mother) and 7 and 8 (daughters) would be useful. Concerning individuals 3 and 6, they are not
especially useful, since for each analyzed marker they could or could not share genetic information
with their brother, the victim, depending on what they inherited from their mother. Source: Claudia
Gomes (2020), self-authored.

In the case of mtDNA, the probabilistic calculation is not carried out in the same
way as with nuclear markers (autosomal and X-chromosome). In this case, the calculation
is based on the frequency of that lineage in a specific population—the less frequent, the
greater the probability that the victim came from a particular family. This type of inference
is particularly complex in populations with a high inbreeding index, as the lineages will be
overrepresented. Large mtDNA databases such as EMPOP (https://empop.online/) are
particularly useful, not only because they provide populational or metapopulational data
and their respective frequencies, but also allow for detecting and determining the “rarity”
of certain lineages.
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Figure 3. MtDNA utility in armed conflicts or other mass disaster victim identifications. Female
1 transmits to all her offspring (3, 4, and 6) a copy of her mtDNA, usually without any changes.
Subsequently, her daughters (4 and 6) pass on to their offspring the same genetic information
regarding mtDNA. In this way, individuals 1, 3, 4, 6, 9, 10, 11, 12, 13, 14, and 15 share the same
mtDNA. Thus, to help in the victim identification process (1, 10, and 12), any of the previously
mentioned individuals could be used, comparing their mtDNA information with the information
obtained from the victim. However, if victims or human remains are observed together, for example,
in a mass grave, it would not be possible to distinguish the three individuals from each other using
only mtDNA information. Source: Claudia Gomes (2020), self-authored.

(c2)  Y-Chromosome

In the case of kinship by the paternal side, the most employed lineage marker is
the Y-chromosome. In this case, this information is transmitted from father to son. As
observed for mtDNA, the Y-chromosome does not allow for individualization, allowing
each male to be associated with a specific family (paternal lineage) (Figure 4) (Palomo-Diez
and Lopez-Parra 2022).

Additionally, in this case, the statistical calculation is carried out by calculating the
frequency of that lineage in the population in question. Given the importance of the use
of Y-STR in forensic analysis, extensive population databases of haplotype frequencies
are necessary to allow for calculating the probability of coincidence between two genetic
profiles, and an analysis of the possible population substructure, both highly dependent
on the amount of information available. In addition to the existence of a large number
of publications with the participation of numerous laboratories around the world (for
example, Chen et al. 2018; Caputo et al. 2019; Jankova et al. 2019; Ambrosio et al. 2020;
Claerhout et al. 2020; Hakim et al. 2020; Adnan et al. 2020; Bini et al. 2021; Fang et al.
2021; Babi¢ Jordamovic et al. 2021; Neyra-Rivera et al. 2021; Adnan et al. 2022; Albarzinji
et al. 2022; Ashirbekov et al. 2022; Dooley et al. 2022; Mihajlovic et al. 2022; Pamjav et al.
2022; Tétte et al. 2022; Ashirbekov et al. 2023; Lee et al. 2023), an online database was
created, the YHRD—Y chromosome haplotype reference database (https://yhrd.org/)
containing haplotype profiles of the markers most used in forensic genetics, for a high
number of populations. In addition to making it possible to search for haplotypic profiles in
various populations, the YHRD contains relevant information regarding Y-STRs for forensic
use. For the same population, it is common to observe that there are data for different
blocks of Y-STR markers, so for groups of markers included in more recent commercial
kits, the databases are usually represented by a smaller number of individuals. Thus, in
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estimating the haplotype frequency, many laboratories choose to use a smaller number
of markers that enables them to use a larger database. According to (SWGDAM n.d.)
guidelines (SWGDAM—Interpretation Guidelines for Y chromosome STR testing), in such
situations it is acceptable to perform database searches using a reduced set of loci, in an
attempt to obtain the maximum potential for discrimination between our sample and the
profiles in the population database; that is, the set of markers that, even obtaining a greater
number of coincidences, generates an acceptable lower haplotype frequency, owing to the
increase in the population size of the subset of the database used to perform the comparison
(Pereira and Gusmao 2019). In the case of past armed conflicts, there are no data on these
populations, and current data must be used. On the other hand, another problem is related
to the geographic region where the armed conflict occurs, since most scientific studies in the
area of population genetics usually focus on European and North American populations,
with most of the remaining populations either not studied or underrepresented.

Man

. “ O Woman

] Y-chromosome

]

Victim

----------------------------------------------------------

Figure 4. Y-chromosome utility in armed conflicts or other mass disaster victim identifications.
Male 2 transmits his Y-chromosome to his male offspring, usually without mutations. In this way,
individuals 2, 3, 4, and 9 have the same male lineage information. To guide the identification of the
victim, it would be possible to use the data present on the Y-chromosome of individuals 2, 3, and 9.
Source: Claudia Gomes (2020), self-authored.

5.3.3. New Trends in Forensic Genetics

In recent years, the number of laboratories in the field of forensic genetics that are
investigating and beginning to use massively parallel sequencing (MPS) technologies has
increased considerably, for the analysis of markers classically used in this field (control
region of mtDNA and STRs), and in the study of other markers of potential application for
the determination of identity, ancestry, and/or phenotype (such as SNPs, InDel markers, or
complete mtDNA sequencing) (Alonso et al. 2018). One of the advantages of this type of
platform is the ability to incorporate into a single workflow the simultaneous analysis of
hundreds or thousands of different DNA markers, and the determination of variations at
the sequence level. An example of the application of MPS in the field of armed conflicts is
the research published by Pajnic et al. (2020), where they analyze 10 people by massive
sequencing, which they consider to have been the “largest Second World War family
massacre in Slovenia”.
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One of the most analyzed polymorphisms with MPS techniques is single nucleotide
polymorphism (SNP), although its use predates the use of massive sequencing in the field
of genetics. There are several advantages to using SNP polymorphisms in forensic genetics,
such as obtaining genotypes from small amplicons (less than 100 base pairs), especially
useful in cases of degraded and fragmented DNA: they have a very low mutation rate and
they can provide information on biogeographic ancestry, parentage, and visible external
characteristics (Budowle and Daal 2008; Zietkiewicz et al. 2012). In addition, they can be
reliably genotyped in multiplex reactions, reducing the amount of sample and processing
time. This is especially useful in cases of armed conflicts, where biological samples are
usually presented in a highly degraded state (Kidd et al. 2006). The analysis of a large panel
of SNPs can provide a high power of discrimination, similar or proportional to the number
of STRs usually genotyped. The use of SNPs in the field of forensic investigation in armed
conflicts allows, for example, the determination of visible external characteristics (EVC),
such as eye or hair color, as shown in the study by Pajnic (2021).

6. Difficulties in Victims’ Genetic Identification in Armed Conflicts

In some cases of victims’ identification after armed conflicts, the judicial and admin-
istrative authorities are not in charge of the organization, control, or provision of human
resources. Instead, it transfers these tasks to civil organizations (Etxeberria et al. 2021;
Herrasti et al. 2021), commonly known as the “Association of Victims and Relatives of
X conflict”, and/or families. This conduct adds difficulties to the process, owing to the
associations’ and/or families’ total lack of knowledge about the steps to be taken to start.
As previously mentioned, an example of this situation is the extensive number of victims
unidentified in different civil wars of the 20th century.

Another problem present in many armed conflicts is the movement of individuals,
both during and after the conflict. In the case of the deceased, displacement may have
occurred during the war, either as a means of escape or as part of the conflict. In these
cases, families completely lose track of the family member, not knowing where to start the
search. If in that specific territory, there is no national database with data from victims and
possibly family members, the identification of human remains may be impossible. If the
conflict has spread to more than one country, it is practically impossible to carry out the
identification of the human remains, since there is no way to attribute them to a specific
family. A clear example of this is the two world wars.

The identification process could be very extensive, involving a large number of profes-
sionals from the criminalistic field but also professionals related to documentary research,
topographers, photographers, historians, and archaeologists (Fernandez-Alvarez et al. 2016;
Vullo 2019; Etxeberria et al. 2021). On the other hand, scarce funding leads to some parts
of the work, such as the osteological study and archival research, being carried out by
volunteers, who are usually professionals who are not dedicated full-time to this investiga-
tion. On the other hand, the reports generated can be dissimilar in terms of the quantity
and quality of the data obtained, since they are created by independent teams, and are
not organized under a centralized system. All this has given rise to unreliable files and
enormous complexity in maintaining a complete chain of custody of the remains, from
their appearance to their return to relatives, passing through distinct laboratories. It also
creates the problem of who will be in charge of contact with the victim’s family in case of
identification (Vullo 2019). For example, in the case of the Spanish Civil War, Spanish Law
20/2022 of October 19, on Democratic Memory, proposes in its article 23 the creation of a
“State Bank of DNA of Victims of War and Dictatorship”, guaranteeing collaboration among
different associations of victims, autonomous communities, and with other government
research institutes. So far, genetic research is usually carried out at the community level,
that is, relatives often search for their missing relatives in that same community. However,
many human remains located in a specific part of the territory could be from another region,
and this is why implementation of this initiative is so relevant, as well as the efforts carried
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out by the National Commission for Forensic Use of DNA (CNUFADN) to implement this
measure equally at the state level.

In this way, it is common for the funding granted to end, exhausted before an identifi-
cation case is completed, or for the results to be communicated to the relatives up to three
years after the request, sometimes after the death of the relatives who have requested the
identification (Rios 2012; Palomo-Diez et al. 2019).

In the case of the European civil wars of the 20th century, one of the difficulties
is that, with time, there are fewer and fewer relatives of the first degree to carry out
the identifications. For this reason, it is very important to analyze all possible markers,
including lineage markers, allowing a possible future identification.

DNA Degradation

As a consequence of the degradation process, two biological samples, even if they
are of the same type (two teeth, two blood or saliva samples, etc.) and/or from the
same individual, must be analyzed according to their state of conservation. The factors
that most affect DNA are pH, temperature, humidity, and certain components in the soil
(C. Gomes et al. 2017; I. Gomes et al. 2020). Humidity favors hydrolytic and oxidative
degradation reactions. In such environments, the proliferation of fungi and bacteria is
favored. Microbial contamination brings two problems: nucleases that degrade the genetic
material of interest and the exogenous DNA of the microorganisms (Pdibo et al. 2004).
High temperatures, although, provide dryness and the absence of microorganisms, usually
lead to the denaturation of DNA chains, and can promote their degradation. Slightly basic
PH helps to preserve DNA, but acidic pH causes the degradation of hydroxyapatite from
bone samples (Figuero et al. 2007). A very acidic or basic pH, very different from the
physiological one, causes changes in the nitrogenous bases of the nucleotides and decreases
and weakens the hydrogen bonds between complementary bases. On the other hand,
samples deposited on the soil usually have another problem that prevents an effective
genetic analysis, the presence of inhibitors (Baeta 2012; C. Gomes et al. 2017). Many are
compounds present in the soil such as humic acids and porphyrin residues. However, other
compounds can also work as an inhibitor, such as the heme group of hemoglobin present
in blood samples. Postmortem molecular modifications are usually based on oxidation
modifications in nitrogenous bases, due to certain free radicals, mainly hydrogen peroxide
and hydroxyl groups. In general, the forensic routine is prepared for these types of cases,
and some protocols facilitate the analysis of samples with presumptive inhibitors.

For these reasons, it is essential to carry out methodologies that allow a complete
obtainment of the genetic material. Specifically, to carry out an efficient extraction, adapted
to the nature of the sample (for example, bones, teeth, fetal tissue, skin, and hair, among
others) and adapted to the possible concentration of genetic material, is normally very low.
Other fundamental steps are the purification of the extract and the quantification of the
genetic material obtained, since these will allow adapting the genetic amplification to the
real concentration of the genetic material. One of the fields that can most contribute to the
identification of victims of armed conflicts, normally in an advanced state of degradation,
are investigations that apply laboratory protocols within the field of “ancient DNA”, since
in most cases these succeed with extremely low genetic concentrations.

Another relevant problem is the selection of samples in the case of victims. In the
specific case of buried victims, the commonly used samples are bone or dental samples.
Although bones such as the femur or teeth are traditionally used, in the latter case with the
advantage of protecting the enamel, the utility of the petrous portion of the temporal bone
(Pilli et al. 2018; Gonzélez et al. 2020; Pajnic et al. 2021) is increasingly being demonstrated,
not only because of its consistency but also because of its location, which is why it is
protected from certain wear and tear produced, for example, by certain professions. One
of the major difficulties is the fact that in certain cases this sample is not available when
the skull is separated from the rest of the body, and the disadvantage of having to partially
destroy the individual’s skull to analyze this sample.
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However, the great difficulty remains in the analysis of biological samples with a low
concentration of genetic material (C. Gomes et al. 2019a), and, over time, the increasing
absence of direct relatives of the victim. For this reason, acting as quickly as possible is
crucial, since the longer the biological sample remains in the soil, or is exposed to weather
conditions, the more difficult it will be to perform an identification (C. Gomes et al. 2019b).

7. Conclusions

Owing to the efforts carried out, to a large extent, by family members and/or associa-
tions for the recovery of victims of armed conflicts, identifications are increasingly a reality.
It is usually seen that the accomplishment of these identifications depends not only on
scientific-technical mechanisms, such as identification by fingerprints, dentistry, or genetic
analysis but also on the budget and predisposition of each government to carry out this
work rigorously. It is also crucial that the entire identification process is carried out by
independent scientific teams, allowing intercountry collaboration, since many victims of
armed conflicts are from other territories. These international collaborations can be decisive
for successful identification. As time goes by, it is more complex to find close biological
relatives to carry out the identification of victims. A possible answer to this problem would
be the existence of national databases that contain the genetic information for each person
and/or family who is searching for a specific relative. Additionally, it would be important
to include information about each victim, not only historical records but possible genetic
profiles based on the analysis of antemortem data, in cases where it is possible.

The identification of victims of armed conflicts should be a priority of every govern-
ment, not only for the repair of the identity and dignity of these citizens but also for the
example to the citizenry of the importance of each individual in that society.

Author Contributions: Conceptualization, G.M.-S., S.H., M.M.-L. and C.G.; methodology, G.M.-S.,
S.H., M.M.-L. and C.G,; formal analysis, C.G.; investigation, G.M.-S., S.H., M.M.-L. and C.G.; data
curation, GM.-S., S H.,, M.M.-L. and C.G.; writing—original draft preparation, G.M.-S., S.H., M.M.-L.
and C.G.; writing—review and editing, G.M.-S., S.H., M.M.-L. and C.G.; supervision, C.G.; project
administration, C.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing does not apply to this article.

Acknowledgments: The authors would like to thank the Department of Forensic Medicine, Psychia-
try and Pathology of the Faculty of Medicine of the UCM.

Conflicts of Interest: The authors declare no conflict of interest.

References

Adnan, Atif, Allah Rakha, Hayder Lazim, Shahid Nazir, Wedad Saeed Al-Qahtani, Maha Abdullah Alwaili, Sibte Hadi, and Chuan-
Chao Wang. 2022. Are Roma People Descended from the Punjab Region of Pakistan: A Y-Chromosomal Perspective. Genes 13:
532. [CrossRef]

Adnan, Atif, Kaidirina Kasimu, Allah Rakha, Guanglin He, Tongya Yang, Chuan-Chao Wang, Jie Lu, and Jin-feng Xuan. 2020.
Comprehensive genetic structure analysis of Han population from Dalian City revealed by 20 Y-STRs. Molecular Genetics &
Genomic Medicine 8: e1149.

Albarzinji, Balnd M., Farhad M. Abdulkarim, Shaho A. Hussein, Dlshad Rashid, and Hayder Lazim. 2022. Population Genetic Study of
17 Y-STR Loci of the Sorani Kurds in the Province of Sulaymaniyah, Iraq. BMC Genomics 23: 763. [PubMed]

Alonso, Antonio, Pedro Alberto Barrio, Petra Miiller, Steffi Kécher, Burkhard Berger, Pablo Martin, Martin Bodner, Sascha Willuweit,
Walther Parson, Lutz Roewer, and et al. 2018. Current state-of-art of STR sequencing in forensic genetics. Electrophoresis 39:
2655-68. [CrossRef]

Alonso-Milan, Jesus. 2015. La guerra total en Espafia (1936-1939). Scotts Valley: CreateSpace Independent Publishing Platform (Amazon).


https://doi.org/10.3390/genes13030532
https://www.ncbi.nlm.nih.gov/pubmed/36414939
https://doi.org/10.1002/elps.201800030

Genealogy 2023, 7, 31 16 of 19

Ambrosio, Isabela Brunelli, Danilo Faustino Braganholi, Larissa Barros Muniz Orlando, Natalia Carolina Andrekenas, Isabel da Mota
Pontes, Dayse Aparecida da Silva, Spartaco Astolfi-Filho, Elizeu Fagundes de Carvalho, Regina Maria Barretto Cicarelli, and
Leonor Gusmao. 2020. Mutational data and population profiling of 23 Y-STRs in three Brazilian populations. Forensic Science
International: Genetics 48: 102348.

Ashirbekov, Yeldar, Arman Abaildayev, Alena Neupokoyeva, Zhaxylyk Sabitov, and Maxat Zhabagin. 2022. Genetic polymorphism of
27 Y-STR loci in Kazakh populations from Northern Kazakhstan. Annals of Human Biology 49: 87-89. [CrossRef] [PubMed]
Ashirbekov, Yeldar, Anastassiya Nogay, Arman Abaildayev, Aigul Zhunussova, Zhaxylyk Sabitov, and Maxat Zhabagin. 2023. Genetic

polymorphism of 27 Y-STR loci in Kazakh populations from Eastern Kazakhstan. Annals of Human Biology 49: 87-89. [CrossRef]

Babi¢ Jordamovi¢, Naida, Tamara Kojovi¢, Serkan Dogan, Larisa Besi¢, Lana Sali-hefendi¢, Rijad KonjhodZi¢, Vedrana Skaro, Petar
Proji¢, Vesna HadZiavdi5, Adna Asi¢, and et al. 2021. Haplogroup Prediction Using Y-Chromosomal Short Tandem Repeats in the
General Population of Bosnia and Herzegovina. Frontiers in Genetics 12: 671467.

Baeta, Miriam. 2012. New miniSTRs typing methods help in the identification of ancient skeletal remains from the Spanish civil war.
Quaternary International 33: 279-80.

Baeta, Miriam, Carolina Nufiez, Caterina Raffone, Eva Granizo, Leire Palencia-Madrid, Sergio Cardoso, Francisco Etxeberria, Lourdes
Herrasti, and Marian M. de Pancorbo. 2019a. Updating data on the genetic identification of bone remains of victims of the
Spanish Civil War. Forensic Science International: Genetics Supplement Series 7: 582-84. [CrossRef]

Baeta, Miriam, Sandra Garcia-Rey, Leire Palencia-Madrid, Caterina Raffone, and Marian M. de Pancorbo. 2019b. Forensic application of
a mtDNA minisequencing 52plex: Tracing maternal lineages in Spanish Civil War remains. Forensic Science International: Genetics
Supplement Series 7: 457-58. [CrossRef]

BBC. 2008. Heavy shelling in Burundi capital. BBC News, April 18.

Bercovitch, Jacob, and Richard Jackson. 1997. International Conflict: A Chronological Encyclopedia of Conflicts and Their Management
1945-1995. Washington, DC: CQ Press.

Bini, Carla, Stefania Sarno, Elisabetta Tangorra, Alessandra Iuvaro, Sara De Fanti, Yohannes Ghebremedhin Tseghereda, Susi Pelotti,
and Donata Luiselli. 2021. Haplotype data and forensic evaluation of 23 Y-STR and 12 X-STR loci in eight ethnic groups from
Eritrea. International Journal of Legal Medicine 135: 449-53. [CrossRef]

Bleay, Stephen M., Ruth S. Croxton, and Marcel De Put. 2018. Fingerprint Development Techniques: Theory and Application, in Developments
in Forensic Science. Hoboken: John Wiley & Sons.

Budowle, Bruce, and Angela Van Daal. 2008. Forensically relevant SNP classes. Biotechnigues 44: 603-10. [CrossRef] [PubMed]

Calleja, James. 2008. Aged Population, Violence and Nonviolence Toward. In Encyclopedia of Violence, Peace, & Conflict, 2nd ed.
Cambridge: Academic Press, pp. 1-14.

Caputo, Mariela, A. Sala, and Daniel Corach. 2019. Demand for larger Y-STR reference databases in ethnic melting-pot countries:
Argentina as a test case. International Journal of Legal Medicine 133: 1309-20. [CrossRef] [PubMed]

Chen, Pengyu, Yanyan Han, Guanglin He, Haibo Luo, Tianzhen Gao, Feng Song, Dengfu Wan, Jian Yu, and Yiping Hou. 2018. Genetic
diversity and phylogenetic study of the Chinese Gelao ethnic minority via 23 Y-STR loci. International Journal of Legal Medicine 132:
1093-96. [CrossRef]

Claerhout, Sofie, Jennifer Roelens, Michiel Van der Haegen, Paulien Verstraete, Maarten HD Larmuseau, and Ronny Decorte. 2020.
Ysurnames? The patrilineal Y-chromosome and surname correlation for DNA kinship research. Forensic Science International:
Genetics 44: 102204. [CrossRef] [PubMed]

Clodfelter, Micheal. 2017. Warfare and Armed Conflicts: A Statistical Encyclopedia of Casualty and Other Figures, 1492-2015, 4th ed. Jefferson:
McFarland. ISBN 978-0786474707.

Correia, Pedro, and Maria de Fatima Pinheiro. 2013. Perspectivas actuais da Lofoscopia: Aplicacao Criminal e civil do Estudo de
impressoes epidermicas. In Ciencias Forenses ao Servigo da Justica. Edited by Maria de Fatima Pinheiro. Lisboa: Pactor, pp. 119-22.

Cumings, Bruce. 2011. The Korean War: A History. New York: Modern Library, p. 35. ISBN 9780812978964.

Cunningham, David E. 2011. Barriers to Peace in Civil War. Cambridge: Cambridge University Press. ISBN 9781139499408.

Dixon, Jeffrey, and Meredith Sarkees. 2015. A Guide to Intra-state Wars: An Examination of Civil, Regional, and Intercommunal Wars,
1816-2014. Washington, DC: CQ Press.

Dooley, Kyla Bianca, M. Thabang Madisha, Sonja Striimpher, and Karen Ehlers. 2022. Forensic Genetic Value of 27 Y-STR Loci (Y—Filer®
Plus) In The South African Population. Science & Justice 62: 358—64.

Durney, James. 2011. The Civil War in Kildare. Cork: Mercier Press, p. 159. ISBN 978-1-85635-757-9.

Eckhardt, William, and Ruth Leger Sivard. 1987. World Military and Social Expenditures 1987-1988, 12th ed. Washington, DC: World
Priorities.

Emmons, Alexandra. 2015. The Preservation and Persistence of Human DNA in Soil during Cadaver Decomposition. Master’s thesis,
University of Tennessee, Knoxville, TN, USA.

Etxeberria, Francisco, Alfredo Gonzélez-Ruibal, Lourdes Herrasti, Nicholas Marquez-Grant, Laura Mufioz-Encinar, and Jordi Ramos.
2021. Twenty years of forensic archaeology and anthropology of the Spanish Civil War (1936-1939) and Francoist Regime. Forensic
Science International: Synergy 3: 100159. [CrossRef]

Fang, Guang-Yao, Zhen-Qing Zhang, Pei-Zhi Tang, Dan-Lu Song, Xing-Kai Zheng, Yi-Jun Zhou, and Meng-Nan Liu. 2021. Forensic and
phylogenetic analyses of populations in the Tibetan-Yi corridor using 41 Y-STRs. International Journal of Legal Medicine 135: 783-85.


https://doi.org/10.1080/03014460.2022.2039292
https://www.ncbi.nlm.nih.gov/pubmed/35132894
https://doi.org/10.1080/03014460.2022.2039292
https://doi.org/10.1016/j.fsigss.2019.10.098
https://doi.org/10.1016/j.fsigss.2019.10.050
https://doi.org/10.1007/s00414-020-02446-2
https://doi.org/10.2144/000112806
https://www.ncbi.nlm.nih.gov/pubmed/18474034
https://doi.org/10.1007/s00414-019-02012-5
https://www.ncbi.nlm.nih.gov/pubmed/30737602
https://doi.org/10.1007/s00414-017-1743-y
https://doi.org/10.1016/j.fsigen.2019.102204
https://www.ncbi.nlm.nih.gov/pubmed/31760354
https://doi.org/10.1016/j.fsisyn.2021.100159

Genealogy 2023, 7, 31 17 of 19

Fernandez-Alvarez, José-Paulino, David Rubio-Melendi, Antxoka Martinez-Velasco, Jamie K. Pringle, and Hector-David Aguilera.
2016. Discovery of a mass grave from the Spanish Civil War using Ground Penetrating Radar and forensic archaeology. Forensic
Science International 267: e10—-e17. [CrossRef]

Figuero, Maria Jesus, Peral Diego, and Sanchez José Antonio. 2007. ;Por qué no se pueden hacer estudios de ADN de restos 6seos
antiguos en Badajoz? Revista de estudios extremerios 63: 215-31.

Finnish Government Project. 2004. Vuoden 1918 sodan sotasurmat kuolintavan ja osapuolen mukaan. Valtioneuvoston kanslia, Suomi
Finland (Finnish Government war casualties project). Suomen sotasurmat 1914-1922, archived from the original on 10 March
2015, retrieved 22 March 2021. Available online: https://www.sotasampo.fi/en/ (accessed on 23 April 2023).

Forrest, Alex. 2019. Forensic odontology in DVI: Current practice and recent advances. Forensic Sciences Research 4: 316-30. [CrossRef]
[PubMed]

Fry, Douglas. 2008. Aggression and Altruism. In Encyclopedia of Violence, Peace, & Conflict, 2nd ed. Edited by Lester R. Kurtz. New York:
Academic Press, pp. 14-28.

Gomes, Claudia. 2020. Investigacion de parentesco biologico en muestras criticas-utilidad en casos de investigacion historica,
antropoldgica y/o forense. Ph.D. thesis, University Complutense of Madrid, Madrid, Spain.

Gomes, Claudia, Alejandro Alonso, Domingo Marquina, Marc Guardia, César Lopez-Matayoshi, Sara Palomo-Diez, Bernardo
Perea-Peréz, Juan F. Gibaja, and Eduardo Arroyo-Pardo. 2017. “Inhibiting inhibitors”: Preliminary results of a new “DNA
extraction-amplification” disinhibition technique in critical human samples. Forensic Science International: Genetics Supplement
Series 6: €197-9. [CrossRef]

Gomes, Claudia, and Eduardo Arroyo-Pardo. 2022. Usefulness of the X-Chromosome on Forensic Science. In Handbook of DNA Profiling.
Edited by Hirak Ranjan Dash, Pankaj Shrivastava and José Antonio Lorente. Singapore: Springer Nature Singapore, pp. 455-77.

Gomes, Claudia, José David Quintero-Brito, Jesus Martinez-Gémez, Rui Pereira, Carlos Baeza-Richer, Mercedes Aler Gay, Laura
Diez-Juarez, Sara Palomo-Diez, Ana Maria Lopez-Parra, Elena Labajo-Gonzalez, and et al. 2020. Spanish allele and haplotype
database for 32 X-chromosome Insertion-Deletion polymorphisms. Forensic Science International: Genetics 46: 102262. [CrossRef]

Gomes, Claudia, Maria Fondevila, Concepciéon Magafia-Loarte, Juan Fernandez-Jiménez, José Fernandez-Serrano, Sara Palomo-Diez, C.
Baeza-Richer, A. M. Lépez-Parra, and E. Arroyo-Pardo. 2019a. An unusual kinship case from the Spanish Civil War (1936-1939):
Ancient versus degraded sample’s investigation. Forensic Science International: Genetics Supplement Series 7: 690-91. [CrossRef]

Gomes, Claudia, Marta Magalhaes, Cintia Alves, Anténio Amorim, Nadia Pinto, and Leonor Gusmao. 2012. Comparative evaluation
of alternative batteries of genetic markers to complement autosomal STRs in kinship investigations: Autosomal indels vs.
X-chromosome STRs. International Journal of Legal Medicine 126: 917-21. [CrossRef] [PubMed]

Gomes, Claudia, Sara Palomo-Diez, Carlos Baeza-Richer, Ana Maria Lopez-Parra, Ivon Cuscd, Elena Garcia-Arumi, Eduardo Tizzano,
Andrea Fernandez-Vilela, Diego L6pez-Onaindia, Ares Vidal Aixala, and et al. 2019b. X-InDels efficacy evaluation in a critical
samples paternity case: A Spanish Civil War case from the memorial of the camposines (Tarragona, Spain). Forensic Science
International: Genetics Supplement Series 7: 494-95. [CrossRef]

Gomes, Iva, Nadia Pinto, Sofia Antao-Sousa, Verénica Gomes, Leonor Gusmao, and Anténio Amorim. 2020. Twenty Years Later: A
Comprehensive Review of the X Chromosome Use in Forensic Genetics. Frontiers in Genetics 11: 926.

Gonzdlez, Angéla, Catherine Cannet, Vincent Zvénigorosky, Annie Geraut, Guillaume Koch, Tania Delabarde, Bertrand Ludes,
Jean-Sébastien Raul, and Christine Keyser. 2020. The petrous bone: Ideal substrate in legal medicine? Orensic Science International:
Genetics 47: 102305. [CrossRef]

Hagelstein, Roman. 2007. Where and When Does Violence Pay Off? The Algerian Civil War. Available online: https://www.
researchgate.net/publication/228470456_Where_and_When_Does_Violence_Pay_Off_The_Algerian_Civil_War (accessed on 21
April 2023).

Hakim, Hashom Mohd, Hussein Omar Khan, Siti Afifah Ismail, Japareng Lalung, Abban Edward Kofi, Bryan Raveen Nelson, Mohd
Tajuddin Abdullah, Geoffrey Keith Chambers, and Hisham Atan Edinur. 2020. Population data for 23 Y chromosome STR loci
using the Powerplex® Y23 STR kit for the Kedayan population in Malaysia. International Journal of Legal Medicine 134: 1335-37.
[CrossRef]

Harbom, Lotta, and Peter Wallensteen. 2007. Armed Conflict, 1989—2006. Journal of Peace Research 44: 623-34. [CrossRef]

Herrasti, Lourdes, Nicholas Mérquez-Grant, and Francisco Etxeberria. 2021. Spanish Civil War: The recovery and identification of
combatants. Forensic Science International 320: 110706. [CrossRef] [PubMed]

Hilton, Stanley. 1982. A Guerra Civil Brasileira. Rio de Janeiro: Nova Fronteira.

Holquist, Peter. 2002. Making War, Forging Revolution: Russia’s Continuum of Crisis, 1914-1921. Cambridge: Harvard University Press.
ISBN 0-674-00907-X.

ICMP—International Commission on Missing Persons. 2022. About Us, What We Do, Where We Work. Available online: https:
//www.icmp.int/ (accessed on 12 June 2022).

INTERPOL. 2018. Identificacion de Victimas de Catdstrofes (IVC). Lyon: Interpol.

Jankova, Renata, Maria Seidel, Alja Videti¢ Paska, Sascha Willuweit, and Lutz Roewer. 2019. Y-chromosome diversity of the three
major ethno-linguistic groups in the Republic of North Macedonia. Forensic Science International: Genetics 42: 165-70. [CrossRef]
[PubMed]

Jarvis, Christopher. 2000. The Rise and Fall of Albania’s Pyramid Schemes. Finance & Development: A Quarterly Magazine of the IMFE.
Washington, DC: International Monetary Fund.


https://doi.org/10.1016/j.forsciint.2016.05.040
https://www.sotasampo.fi/en/
https://doi.org/10.1080/20961790.2019.1678710
https://www.ncbi.nlm.nih.gov/pubmed/32002490
https://doi.org/10.1016/j.fsigss.2017.09.066
https://doi.org/10.1016/j.fsigen.2020.102262
https://doi.org/10.1016/j.fsigss.2019.10.140
https://doi.org/10.1007/s00414-012-0768-5
https://www.ncbi.nlm.nih.gov/pubmed/22940765
https://doi.org/10.1016/j.fsigss.2019.10.064
https://doi.org/10.1016/j.fsigen.2020.102305
https://www.researchgate.net/publication/228470456_Where_and_When_Does_Violence_Pay_Off_The_Algerian_Civil_War
https://www.researchgate.net/publication/228470456_Where_and_When_Does_Violence_Pay_Off_The_Algerian_Civil_War
https://doi.org/10.1007/s00414-019-02237-4
https://doi.org/10.1177/0022343307080859
https://doi.org/10.1016/j.forsciint.2021.110706
https://www.ncbi.nlm.nih.gov/pubmed/33549992
https://www.icmp.int/
https://www.icmp.int/
https://doi.org/10.1016/j.fsigen.2019.07.007
https://www.ncbi.nlm.nih.gov/pubmed/31351212

Genealogy 2023, 7, 31 18 of 19

Jayakrishnan, Jijin Mekkadath, Jagat Reddy, and R. B. Vinod Kumar. 2021. Role of forensic odontology and anthropology in the
identification of human remains. Journal of Oral and Maxillofacial Pathology 25: 543—47. [CrossRef] [PubMed]

Jones, Howard. 1989. A New Kind of War. Oxford: Oxford University Press,.

Kidd, Kenneth K., Andrew J. Pakstis, William C. Speed, Elena L. Grigorenko, Sylvester LB Kajuna, Nganyirwa J. Karoma, Selemani
Kungulilo, Jong-Jin Kim, Ru-Band Lu, Adekunle Odunsi, and et al. 2006. Developing a SNP panel for forensic identification of
individuals. Forensic Science International 164: 20-32. [CrossRef] [PubMed]

Labajo, Elena, and Bernardo Perea. 2022. Odontologia Forense: El papel del odontdlogo en la investigacion criminal. In Manual para el
estudio de las Ciencias Forenses. Madrid: Tébar Flores Editorial, pp. 51-75.

Le, Kien, and My Nguyen. 2020. Armed conflict and birth weight. Economics & Human Biology 39: 100921.

Lee, Dong Gyu, Su Jin Kim, Woo-Cheol Cho, Yoonjung Cho, Ji Hwan Park, Jinmyung Lee, and Ju Yeon Jung. 2023. Analysis of mutation
rates and haplotypes of 23 Y-chromosomal STRs in Korean father-son pairs. Forensic Science International: Genetics 65: 102875.
[CrossRef]

Lehne, Inge, and Johnson Lonnie. 1985. Vienna: The Past in the Present. Wien: Osterreichischer Bundesverlag Gesellschaft. ISBN
3-215-05758-1.

Lennard, Chris. 2019. Fingerprint Techniques. In Encyclopedia of Analytical Science, 3rd ed. Edited by Paul Worsfold, Alan Townshend,
Colin F. Poole and Manuel Miré. New York: Academic Press, pp. 38—47.

Lewy, Guenter. 1980. America in Vietnam. Oxford: Oxford University Press, pp. 450-53. ISBN 9780199874231.

Lomperis, Timothy. 1996. From People’s War to People’s Rule. Chapel Hill: University of North Carolina Press.

Luque, Juan Antonio. 2019. Estudio de las relaciones de parentesco. In Genética Forense- Del laboratorio a los Tribunales. Edited by
Manuel C. Crespillo Marquez and Pedro Barrio Caballero. Madrid: Diaz de Santos, pp. 351-81.

Marshall, Charla, Kimberly Sturk-Andreaggi, Joseph D. Ring, Cassandra R. Taylor, Suzanne Barritt-Ross, Walther Parson, and Timothy
P. McMahon. 2019. Advancing mitochondrial genome data inter-pretation in missing persons casework. Forensic Science
International: Genetics Supplement Series 7: 721-23.

Mienkerd, Sirirat, Anillada Nettakul, and Worawee Waiyawuth. 2019. The using of massively parallel sequencing of mitochondrial
DNA to assist the missing person identification: Human remains in the wild. Forensic Science International: Genetics Supplement
Series 7: 716-17. [CrossRef]

Mihajlovic, Milica, Vanja Tanasic, Milica Keckarevic Markovic, Miljana Kecmanovic, and Dusan Keckarevic. 2022. Distribution of
Y-chromosome haplogroups in Serbian population groups originating from historically and geographically significant distinct
parts of the Balkan Peninsula. Forensic Science International: Genetics 61: 102767. [CrossRef] [PubMed]

Mohammed, Faraz, Arishiya T. Fairozekhan, Subraya Bhat, and Ritesh G. Menezes. 2022. Forensic Odontology. In StatPearls. Tampa:
StatPearls Publishing.

Neyra-Rivera, Carlos David, Andres Ticona Arenas, Edgardo Delgado Ramos, Margarita Rosa Eugenia Velasquez Reinoso, Omar
Alberto Caceres Rey, and Bruce Budowle. 2021. Population data of 27 Y-chromosome STRS in Aymara population from Peru.
Australian Journal of Forensic Sciences 54: 596—610. [CrossRef]

O’Balance, Edgar. 1966. The Greek Civil War: 1944-1949. New York: Praeger.

OCHA Services. 2012. 17,800 People Died during Conflict Period, Says Ministry of Peace. New York: OCHA—ONU.

Padbo, Svante, Hendrik Poinar, David Serre, Viviane Jaenicke-Després, Juliane Hebler, Nadin Rohland, Melanie Kuch, Johannes Krause,
Linda Vigilant, and Michael Hofreiter. 2004. Genetic analyses from ancient DNA. Annual Review of Genetics 38: 645-79. [CrossRef]

Pajni¢, Irena. 2021. Identification of a Slovenian prewar elite couple killed in the Second World War. Forensic Science International 327:
110994. [CrossRef]

Pajni¢, Irena Zupanic¢, Jezerka Inkret, TomaZz Zupanc, and Eva Podovsovnik. 2021. Comparison of nuclear DNA yield and STR typing
success in Second World War petrous bones and metacarpals III. Forensic Science International: Genetics 55: 102578. [CrossRef]

Pajni¢, Irena Zupanic¢, Marcel Obal, and Tomaz Zupanc. 2020. Identifying victims of the largest Second World War family massacre in
Slovenia. Forensic Science International 306: 110056. [CrossRef]

Palomo-Diez, Sara, and Ana Maria Lopez-Parra. 2022. Utility and Applications of Lineage Markers: Mitochondrial DNA and Y
Chromosome. In Handbook of DNA Profiling. Edited by Hirak Ranjan Dash, Pankaj Shrivastava and José Antonio Lorente.
Singapore: Springer Nature Singapore, pp. 423-54.

Palomo-Diez, Sara, Claudia Gomes, Ana Maria Lopez-Parra, Carlos Baeza-Richer, Ivon Cusco, C. Raffone, E. Garcia-Arumi, Nuria
Montes, Diego Lopez Onaindia, Assumpcié Malgosa Morera, and et al. 2019. Genetic identification of Spanish civil war victims.
The state of the art in Catalonia (Northeastern Spain). Forensic Science International: Genetics Supplement Series 7: 419-21. [CrossRef]

Palomo-Diez, Sara, Claudia Gomes, Ana Maria Lopez-Parra, Ivon Cusco, Eduardo Tizzano, Maria Eulalia Subird, Andrea Fernandez
Vilela, Nuria Montes, Diego Lopez Onaindia, Assumpcié Malgosa Morera, and et al. 2021. Estado actual de la identificacion de
victimas de la Guerra Civil Espafiola y de la posguerra en Catalufia. Revista d’Arqueologia de Ponent 31: 273-86.

Pamjav, Horolma, Abel Féthi, Daniel Dudas, Attila Tapasztd, Virdg Krizsik, and Erzsébet Fothi. 2022. The paternal genetic legacy
of Hungarian-speaking Rétkoz (Hungary) and Vah valley (Slovakia) populations. Frontiers in Genetics 13: 977517. [CrossRef]
[PubMed]

Pereira, Vania, and Leonor Gusmao. 2019. Andlisis de Marcadores STR de Cromosoma Y. in Genética Forense—Del laboratorio a los tribunals.
Edited by Manuel Crespillo and Pedro Barrio. Madrid: Diaz de Santos.

Pettersson, Therése, and Peter Wallensteen. 2015. Armed conflicts, 1946-2014. Journal of Peace Research 52: 536-50. [CrossRef]


https://doi.org/10.4103/jomfp.jomfp_81_21
https://www.ncbi.nlm.nih.gov/pubmed/35281159
https://doi.org/10.1016/j.forsciint.2005.11.017
https://www.ncbi.nlm.nih.gov/pubmed/16360294
https://doi.org/10.1016/j.fsigen.2023.102875
https://doi.org/10.1016/j.fsigss.2019.10.149
https://doi.org/10.1016/j.fsigen.2022.102767
https://www.ncbi.nlm.nih.gov/pubmed/36037736
https://doi.org/10.1080/00450618.2021.1882571
https://doi.org/10.1146/annurev.genet.37.110801.143214
https://doi.org/10.1016/j.forsciint.2021.110994
https://doi.org/10.1016/j.fsigen.2021.102578
https://doi.org/10.1016/j.forsciint.2019.110056
https://doi.org/10.1016/j.fsigss.2019.10.035
https://doi.org/10.3389/fgene.2022.977517
https://www.ncbi.nlm.nih.gov/pubmed/36324512
https://doi.org/10.1177/0022343315595927

Genealogy 2023, 7, 31 19 of 19

Pilli, Elena, Stefania Vai, Marina Grazia Caruso, Giancarlo D’Errico, Andrea Berti, and David Caramelli. 2018. Neither femur nor
tooth: Petrous bone for identifying archaeological bone samples via forensic approach. Forensic Science International 283: 144-49.
[CrossRef]

Pinto, Nadia, Leonor Gusmao, and Anténio Amorim. 2010. Likelihood ratios in kinship analysis: Contrasting kinship classes, not
genealogies. Forensic science international. Genetics 43: 21.

Pinto, Nadia, Leonor Gusmao, and Anténio Amorim. 2011. X-chromosome markers in kinship testing: A generalisation of the IBD
approach identifying situations where their contribution is crucial. Forensic Science International: Genetics 5: 27-32. [CrossRef]

Pinto, Nadia, Pedro V. Silva, and Anténio Amorim. 2012. A general method to assess the utility of the X-chromosomal markers in
kinship testing. Forensic Science International: Genetics 6: 198-207. [CrossRef] [PubMed]

Resource Information Center. 2000. Angola: Current Political and Human Rights Conditions in Angola. Washington, DC: United States
Bureau of Citizenship and Immigration Services.

Rios, Luis. 2012. Identificacion en fosas comunes de la guerra civil: Limitaciones y posibilidades a partir del caso de Burgos. Boletin
Gallego de Medicina Legal e Forense 12: 125-42.

Simkin, John. 2012. Spanish Civil War. The Spanish Civil War Encyclopedia (Ser. Spanish Civil War). Brighton and Hove: University of
Sussex, Spartacus Educational E-Books.

Singh, Risha, Srinivas Goli, and Abhra Singh. 2022. Armed conflicts and girl child marriages: A global evidence. Children and Youth
Services Review 137: 106458. [CrossRef]

Strathern, Andrew J., and Pamela J. Stewart. 2008. Anthropology of Violence and Conflict, Overview. In Encyclopedia of Violence, Peace,
& Conflict, 2nd ed. Edited by Lester Kurtz. New York: Academic Press, pp. 75-86.

SWGDAM. n.d. Interpretation Guidelines for Y Chromosome STR Testing. Available online: https:/ /www.swgdam.org/publications
(accessed on 19 April 2023).

Tatte, Kai, Ene Metspalu, Helen Post, Leire Palencia-Madrid, Javier Rodriguez Luis, Maere Reidla, Erika Tamm, Anne-Mai Ilumée,
Marian M. de Pancorbo, Ralph Garcia-Bertrand, and et al. 2022. Genetic characterization of populations in the Marquesas
Archipelago in the context of the Austronesian expansion. Scientific Reports 12: 5312. [CrossRef] [PubMed]

Theune, Claudia. 2022. Archeology of War and Armed Conflict. In Encyclopedia of Violence, Peace, & Conflict, 3rd ed. Edited by Lester
Kurtz. New York: Academic Press, pp. 552-61.

Thomas, Hugh. 1977. The Spanish Civil War. London: Penguin Books.

Toscanini, Ulises. 2019. Historia y evolucién de la genética forense. Grupos de Trabajo de estandarizacion cientifica. In Genética Forense-
Del laboratorio a los Tribunales. Edited by Manuel C. Crespillo Marquez and Pedro Barrio Caballero. Madrid: Diaz de Santos,
pp- 1-21.

Truth Commission: Chile 90. n.d. Report of the Chilean National Commission on Truth and Reconciliation. Available online:
https:/ /www.usip.org/publications /1990 /05/ truth-commission-chile-90 (accessed on 23 April 2023).

U.S. Committee for Refugees and Immigrants. 2001. Sudan: Nearly 2 Million Dead as a Result of the World’s Longest-Running Civil War.
Arlington: U.S. Committee for Refugees and Immigrants.

Vullo, Carlos Maria. 2019. Identificaciéon de desaparecidos en gran escala: Grandes catastrofes (DVI) y desapariciones en contextos de
crises Humanitarias (MPI). In Genética Forense- Del laboratorio a los Tribunales. Edited by Manuel C. Crespillo Marquez and Pedro
Barrio Caballero. Madrid: Diaz de Santos, pp. 405-24.

Zietkiewicz, Ewa, Magdalena Witt, Patrycja Daca, Jadwiga Zebracka-Gala, Mariusz Goniewicz, Barbara Jarzab, and Michat Witt. 2012.
Current genetic methodologies in the identification of disaster victims and in forensic analysis. Journal of Applied Genetics 53:
41-60. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.forsciint.2017.12.023
https://doi.org/10.1016/j.fsigen.2010.01.011
https://doi.org/10.1016/j.fsigen.2011.04.014
https://www.ncbi.nlm.nih.gov/pubmed/21592877
https://doi.org/10.1016/j.childyouth.2022.106458
https://www.swgdam.org/publications
https://doi.org/10.1038/s41598-022-08910-w
https://www.ncbi.nlm.nih.gov/pubmed/35351918
https://www.usip.org/publications/1990/05/truth-commission-chile-90
https://doi.org/10.1007/s13353-011-0068-7

	Introduction 
	Civil and Family Involvement in the Identification Process 
	The International Commission for Mission Persons—ICMP 
	An Attempt to Harmonize Human Identification—Interpol DVI Protocol 
	Types of Identification in Armed Conflicts 
	Fingerprint Techniques 
	Forensic Odontology 
	Genetic Identification in Armed Conflicts 
	Direct Identification 
	Indirect Identification 
	New Trends in Forensic Genetics 


	Difficulties in Victims’ Genetic Identification in Armed Conflicts 
	Conclusions 
	References

