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RESUME 

Tigray is the northernmost regional state of Ethiopia. The Semitic-speaking 

Tigray people are the fourth largest ethnic group in Ethiopia, reaching up to 

4.5 millions, and the major ethnic group of neighboring Eritrea. 

The availability of Tigray-specific population frequency data for forensic 

DNA markers is important in the context of the recent refugee crisis, since 

Eritrea is one of the major countries of origin of migrants crossing the 

Mediterranean Sea to reach Europe. 

In a drowning accidents occurred on 18th April 2015 in the Straits of 

Sicily, over 800 migrants died in a sunken vessel, including people from 

Syria, Bangladesh, West and East Africa (among them 350 Eritreans). In 

2016, the vessel was raised, autopsies performed on recovered bodies, and 

DNA samples collected for future testing. Since it is expected that ancestry 

informative markers (AIMs) can contribute to the identification process, 

enabling the matching of human remains and reference samples from 

victim's relatives according to their ancestry, 46 AIM Insertion Deletion 

polymorphisms (Indels) were investigated in the Ethiopian Tigray 

population. 

DNA samples from 228 volunteer Mekelle University (Mekelle, Ethiopia) 

students with four grandparents of Tigray origin were genotyped with a 46-

plex AIM-Indel panel.  

The Tigray sample was compared with relevant populations from a 

worldwide reference panel (HGDP–CEPH subset H952) including Central 

South Asia (CSA), Middle East (ME), North Africa (NAFR), and sub-

Saharan Africa (AFR: Senegal, Ivory Coast, Nigeria, Kenya). The Snipper 

2.5 app suite, STRUCTURE, Structure Harvester and CLUMPP software 

were used for data analysis. 

STRUCTURE analysis revealed that, at the optimal K value of K=3, 

ancestry proportions in the Tigray sample were highly homogeneous, and 
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well differentiated from other populations, with the exception of NAFR. 

These results were mirrored in principal component analysis (PCA). The 

observed patterns also support the separation of NAFR from other ME 

populations. 

Classification accuracy in the Tigray sample was 85.1% (“re-

classification”, taking each sample in turn and classifying it using the 

unmodified population reference panel) and 47.8% (“cross-validation”, 

classifying each sample with a population reference panel modified to 

exclude only that sample), with most of the wrong assignations being 

NAFR (11.4%, and 43.0%, respectively).  

To better assess the effectiveness of the AIM-Indel assay, the Tigray 

sample set was then randomly split in training (n=128) and test (n=100) 

sets, the last representing hypothetical case samples. Classification 

probabilities of case samples were calculated, according to allele frequency 

distributions found in Tigray and worldwide training sets. Likelihood ratios 

(LRs) were derived from population pairwise comparisons. Even when 

applying low LR thresholds (i.e. 10), the probability of misclassifying 

Tigray case samples was almost negligible (≤2%). The percentage of 

inconclusive tests was acceptable for CSA (9%) and ME (17%), but 

exceedingly high for NAFR (46%).  

In conclusion, the 46 AIM-Indels are effective at capturing the genetic 

differences previously observed between Semitic-speaking Ethiopians and 

other AFR populations. Ancestry inference is also satisfactory in 

comparison to ME, when excluding NAFR from this population group, and 

CSA, thus providing adequate information to differentiate between 

population groups involved in 18th April 2015 tragedy. 
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RIASSUNTO 

Il Tigray è la regione più settentrionale dell'Etiopia. Il popolo Tigray, che 

parla una lingua semitica, è il quarto gruppo etnico più numeroso in Etiopia 

(4,5 milioni di individui), e il primo nella vicina Eritrea. La studio della 

variabilità genetica di marcatori del DNA d’interesse forense in Tigray è 

importante nel contesto del recente crisi dei rifugiati, in quanto l'Eritrea è 

uno dei principali paesi d'origine dei migranti che attraverso il 

Mediterraneo raggiungono l'Europa.                                                                                     

Oltre 800 migranti provenienti da Siria, Bangladesh, Africa occidentale e 

orientale (tra cui 350 provenienti dall'Eritrea) sono annegati in un naufragio 

avvenuto il 18 aprile 2015 nello Stretto di Sicilia. Nel 2016, i corpi sono 

stati recuperati e sottoposti ad autopsia, comprensive della raccolti di 

campioni di DNA per futuri test genetici identificativi. L’uso di Ancestry 

Informative Markers (AIMs) può contribuire al processo di identificazione, 

consentendo l'abbinamento tra resti umani e parenti di presunte vittime in 

base alla loro origine etnico-geografica. A tale scopo, in questo studio 46 

AIMs del tipo polimorfismo di inserzione/delezione (Indel) sono stati 

analizzati in un campione di popolazione Tigray proveniente dall’Etiopia, 

consistente in 228 volontari (studenti dell'università di Mekelle, Etiopia) 

con i quattro nonni originari del Tigray. Il campione è stato confrontato con 

un pannello universale di riferimento (HGDP-CEPH subset H952) 

comprendente popolazioni di Asia Centro Meridionale (CSA), Medio 

Oriente (ME), Nord Africa (NAFR) e Africa sub-Sahariana (AFR: Senegal, 

Costa d’Avorio, Nigeria, Kenya). L'applicazione Snipper 2.5 e i software 

STRUCTURE, Structure Harvester e CLUMPP sono stati utilizzati per 

l'analisi dei dati. L'analisi attraverso STRUCTURE ha rivelato che, al 

valore ottimale di K = 3, il campione del Tigray appariva altamente 

omogeneo e ben differenziato da altre popolazioni, ad eccezione di NAFR, 
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così come nell'analisi delle componenti principali (PCA). Era inoltre 

evidente la separazione di NAFR da altre popolazioni ME. L'accuratezza 

della classificazione nel campione del Tigray è stata del 85,1% 

(“riclassificazione”: ciascun campione viene classificato utilizzando 

l’intero pannello popolazionistico di riferimento) e del 47,8% 

(“crossvalidazione”: ciascun campione viene classificato utilizzando il 

pannello di riferimento escluso il campione stesso). La maggior parte delle 

assegnazioni errate riguardavano NAFR (11,4% e 43,0%, rispettivamente). 

Il campione del Tigray è stato successivamente suddiviso in maniera 

casuale in un set di riferimento (n = 128) ed uno di prova (n = 100), i cui 

membri rappresentavano ipotetici casi da identificare. I casi sono stati 

classificati quali appartenenti alla popolazione in cui il genotipo risultava 

più frequente in base alle frequenze alleliche nei set di riferimento. Il 

confronto della frequenza teorica del genotipo in ciascuna coppia di 

popolazioni è stato utilizzato per derivare i rapporti di verosimiglianza 

(LR). Si è osservato che, anche applicando soglie di LR basse (10), la 

probabilità di classificare erroneamente i campioni del Tigray era 

trascurabile (≤2%). La percentuale di test inconclusivi era accettabile per 

CSA (9%) e ME (17%), ma estremamente elevata per NAFR (46%). Il 

pannello di 46 AIM-Indel appare quindi efficace nel catturare le differenze 

genetiche precedentemente osservate tra popolazioni etiopiche di lingua 

semitica e altre popolazioni dell’Africa sub-Sahariana. La capacità di 

discriminazione è soddisfacente anche nei confronti di popolazioni del 

Medio Oriente (escluso il Nord Africa) e dell’Asia Centro Meridionale. In 

conclusione, la metodologia risulta adeguata ai fini di differenziazione dei 

gruppi di popolazione coinvolti nella tragedia del 18 aprile 2015.  
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INTRODUCTION 

 

1. Forensic identification of human remains 

Forensic identification is the application of technology and forensic 

science, or "forensics", to identify specific objects from the trace evidence 

they leave, often at a crime scene or the scene of an accident, possibly 

involving multiple individuals (Disater Victim Identification, DVI). 

Sometimes the context of the accident precludes easily accessible 

documentation of the victim, such as personal documents, and visual 

recognition by acquaintances or relatives. Moreover, there are also many 

circumstances in which visual identification can not or must not be done 

because it can lead to major errors. The severe mutilation or 

decomposition, the emotional state of the deceased friends or relatives, and 

changes in physical attributes deception due to time or aging are all factors 

which bring an incorrect identification [1].  

The medicolegal authority responsible for identifying unknown individuals 

in most jurisdictions are the coroner or the doctor examiner. The main 

methods of human identification include forensic anthropology, forensic 

odontology, forensic radiography, fingerprint analysis and DNA profiling 

[1]. All identification modalities share the need to match ante-mortem data 

to results obtained on the remains. The first include victim physical 

characteristics, family pedigree, and other information (e.g. medical record) 

collected from the families. Post-mortem data are recorded at the site and in 

the autopsy room during examination and sampling of body.  

In 1985 the first paper describing the genetic identification of human 

individuals by DNA fingerprint analysis was published [2]. This original 

approach, based on minisatellite hybridisation, came to be known as DNA 

fingerprint analysis. Since then, DNA analysis has undergone rapid 

evolution [3].  
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The developments were instigated by the need for more specific and more 

sensitive methods allowing identification based on less material of lower 

quality [4].                       

                                                                                          

1.1 Factors influencing personal identification  

1.1.1 Decomposition 

As previously stated, one of the factors often impairing identification is 

decomposition, that is the processes that reduce a human body to a skeleton 

through the post-mortem destruction of soft tissue are complex. Changes 

which occur within the first 2 hours after death are referred to as early post-

mortem changes. First of all there is a general body pallor followed by 

relaxing of skeletal muscles of the body and, then, there are a lot of 

external and internal alterations of the eye. Furthermore, following death, 

the blood gradually becomes acidic due to the accumulation of carbon 

dioxide and other chemicals released as the result of tissue breakdown.                                                                                                                

The following body changes due to decomposition are the consequence of 

two different types of process, autolysis and putrefaction. Autolysis is 

temperature dependent and these changes are usually observed at about 48 

hours after death. In it, hydrolytic enzymes that are present in cells’ 

cytoplasmic granules, called lysosomes, are released into cytoplasm. In 

particular, cell membranes are distrupted and these molecules -including 

carbohydrate, protein and fat breakdown products- become nutrients for 

microorganisms. The Putrefaction starts when the uncontrolled growth of 

endogenous bacteria and fungi begins. Bacteria produce some malodorous 

gases as well as pungent aromatic organic compounds. Therefore, these 

putrefactive changes are more pronounced in areas of livor mortis even if 

ordinarily, the soft tissues of the face swell first and cause eversion of the 

lips. These gases are composed by a complex of chemical compounds 

including hydrogen sulphide which also reacts with haemoglobin to form a 
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green pigment called sulfhemoglobin. So, autolysis and putrefaction bring 

to destroy tissues and gas formation.                                                                                 

These post-mortem modification of soft tissue leads to partial or complete 

skeletonization that is the removal of soft tissue from bone. This process is 

quite dependent on environmental circumstances and it also depends on 

vertebrate and invertebrate animal activity. in particular, invertebrates 

animal are responsible for soft tissue modifications to the point of exposing 

the skeleton. For example flies are most frequently associated with the 

death scene because their larvae often alter soft tissue by their voracious 

feeding. 

 

1.1.2 Special circumstances: drowning  

In some cases, the forensic identification of human remains is a very 

difficult matter. For example, in the case of sea accidents, boat shipwrecks, 

plane crashes at sea, found human remains can make anthropologists in 

trouble in their identification. This is because organic remains become an 

important source of energy for marine organisms enriching the seabed. In 

fact, depending on the type of human remains, the state of decomposition 

and the nature of local fauna, they can become the immediate nourishment 

of fish and invertebrates and an ideal habitat for microorganisms. All this 

allows the human body in the sea to be subject to a variety of physical and 

biological forces that modify it. These changes and, therefore, 

decomposition are slower or faster, depending on temperature, salinity, 

depth, currents, interactions between chemical and physical processes and 

the quantity and types of scavengers organisms present. In general, cold 

temperatures of polar seas delay the decomposition process while hot 

temperatures of the tropical seas accelerate them. The position of greater 

importance in the decomposition of human remains is covered by 
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scavengers. In fact, table 1 shows a list of features important for 

taphonomic consideration. 

 

 

Table 1. Taphonomic variables observable in remains from marine settings 

[5].  
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In addition, scavengers as well as marine plants and other animals are very 

important because their growth on human remains at sea is a good index to 

estimate a minimum time since death. When, in fact, a human body 

remains in the sea for several months, the best exogenous biological 

indicators of time since death are sessile invertebrates which settle on 

bones or clothing or in some manner invade the remaining tissues. 

Therefore, keys to interpreting the length of the post-mortem interval 

include the association of particular marine organisms with the remains and 

the condition of soft tissue and bone.  

Decomposition in the sea is mainly characterized by two phases, loss of  

soft tissue and bone modification. In the first one, marine organisms are 

protagonists because they are attracted to decomposing soft tissue. In the 

second phase, loss of soft tissue exposes most bone surfaces to a variety of 

modification agents as early as 1 month after death. These may include 

gastropod rasping or boring, encrustation by sessile invertebrates, abrasion 

by moving water and sand and eventual dissolution. The dissolution of 

bone, characterized by changes in consistency, overall cortical thinning, 

and enhanced loss of bone in areas where there has been damage, depends 

on local chemical environments, particularly the amount of saturation of 

calcium carbonate in the water. Therefore, abrasion and dissolution can 

occur simultaneously and are difficult to discriminate. Usually, human 

bodies found in the sea are protected by clothing. In fact, body covering 

offers protection from both abrasion and animal modification.  (Figure 1) 

[5, 6]  
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Figure 1. Effect of body covering on soft tissue preservation in drowned 

subjects (7 months in sea water). In b) total exposure of bones in body 

parts originally uncovered by clothing  is evident [6].  

 

1.2 Positive identification methods 

1.2.1 Forensic anthropology  

Stewart defined forensic anthropology as physical anthropology applied to 

the identification of skeletonized human remains in a medico-legal context 

[7].  

The identification process begins with the creation of a biological profile, 

or osteobiography (the study of the characteristics acquired during the life 

of the subject). Once the remains have been identified as human, the 

anthropologist determines the minimum number of individuals present, and 

begins gathering information on distinguishing physical attributes. The data 

collected by the forensic anthropologist are compiled into a biological 

profile, which is then compared with a list of missing people’s profiles. A 

complete profile requires determination of the following attributes: sex, 

age, ancestry, stature, and unique physical (skeletal or other) features. 

Estimating the sex in cases where remains are skeletonized requires 

methods specifically developed to ascertain dimorphic characteristics 

present in various skeletal elements. 
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Furthermore sex and gender are not synonymous; sex refers to an 

individual’s biological characteristics while gender implies social identity. 

Notably, an accurate determination of sex may contradict the decedent’s 

gender presentation. The most important attributes for diagnosing sex 

develop in the pelvis during adolescence. 

Cranial features are considered a less accurate determinate of sex than 

pelvic characteristics, but, the skull may often be the only part of the 

skeleton available for evaluation. Five aspects of skull-morphology are 

particularly useful in determining sex: nuchal crest, mastoid process, 

supraorbital margin, supraorbital ridge, and mental eminence.  

Usually male crania are characterized by greater size and stability, 

equipped with large eyebrow arches, while the female crania is usually 

smaller and less robust and has smaller orbital cavities. 

Furthermore sub-adult age can also be estimated from long bone length and 

epiphyseal closure, but despite of this there is general consensus that the 

most accurate age estimates are produced by dental development methods 

and not by skeletal maturation. 

Bone histological methods (e.g. measurement of histomorphological 

features like osteon size, type and density) also facilitate accurate 

estimations of age. Other useful aging methods include, cranial suture 

closure analysis and the non-invasive evaluation of morphological changes 

in the face of the pubic symphysis, the auricular surface of the os coxae, 

and the sternal end of the fourth rib.  

The most commonly used methods to assess ancestry rely on cranial 

(and/or postcranial) measurements and angles, which are subsequently 

compared -possibly through a software- against a reference sample 

population [1].  
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1.2.2 Forensic odontology 

Teeth are highly resistant to trauma and the effects of decomposition, fire, 

and other environmental influences. Then, for their individual 

characteristics, congenital anomalies or dental restorations documented in 

radiographs, they can be very useful to uniquely identify a person, and for 

discovering age estimate. For this reason, they have also been very 

effective in identifying victims of mass disasters.                                                                                                                                                                                          

Forensic odontology is not a new technique and it involves the comparison 

of AM (Ante-Mortem) and PM (Post-Mortem) dental records, including 

radiographs, in order to confirm an identification. If the specimen is 

determined to be human, then its class (e.g., molar), number (e.g., first or 

second), and location in the mouth (i.e., upper or lower, left or. right) are 

identified.                                                                                                                                 

There are several ways to know the individual's age by teeth development. 

For example, if the entire dentition is intact, it may be compared with a 

chart indicating mean stage of development (Figure 2). In particular, four 

distinct developmental periods can be observed in human dentition, the 

emergence of deciduous teeth during the second year of life, the eruption of 

two permanent incisors and the first permanent molar between the ages of 6 

and 8 years, emergence of most permanent dentition with the exception of 

the third molars between 10 and 12 years and the eruption of the third 

molars typically at approximately 18 years of age, although they may 

remain impacted.                                                                                                                                                                                                  

Each individual tooth may also be compared with established charts to 

determine its stage of formation. Macroscopic and radiographic evaluations 

of root development and mineralization are among the preferred methods 

for estimating age from juvenile teeth.                                                                                                                                   

Adult age may be inferred if the wisdom teeth are present and have 

erupted. In post adults, the assessment of attritional wear is also employed 
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although highly variable individualistic factors produce less reliable age 

estimates.  

 

 

Figure 2 – Atlas of tooth development and eruction (from 

https://atlas.dentistry.qmul.ac.uk/ last accessed 20 September 2017) 

 

If post mortem interval (PMI) can be reasonably pinpointed to a recent 

period – the use of Lamendin's method (based on the evaluation of 

periodontosis and translucency of the tooth root) is recommended. 

However Lamendin  must be used with caution on historical samples, and 

could therefore be implemented with pulp chamber methods, which 

consider the ratio between pulp chamber and total dental area in upper and 

lower canines or other teeth, that have greater possibilities of not being 

affected by taphonomy [1, 8].  

 

1.2.3 Forensic radiography  

Radiography is a technique in which objects (e.g., anatomical 

characteristics) are viewed using a specific range of electromagnetic 

radiation. Forensic radiography is an important tool in the identification of 

human remains, particularly in cases where decomposition, mutilation, or 

skeletonization prevent application of more commonly used methods of 

identification (e.g., DNA profiling or fingerprints). Radiographs can be 

https://atlas.dentistry.qmul.ac.uk/


 

17 
 

particularly useful in the detection of injuries and the identification of 

pathological conditions and foreign objects (e.g., surgical implants) which 

can be used to personally identify an individual [1].  

 

1.2.4 Fingerprints  

Fingerprints are very important in the identification of human remains 

because they have particular characteristics. They are unique because the 

papillary ridges in the fingers of two different individuals or in different 

fingers of the same person have no absolute congruence. Once papillary 

ridges are formed in the fourth month of gestation, they remain unchanged 

even after death. They grow back in the same pattern after minor injuries 

while more severe injuries result in permanent scarring which can damage 

them.  Finally, fingerprints can be classified after a previous identification 

and registration and this allows an easy recovery for purpose of 

comparison. 

 

Figure 3. General characteristics of fingerprints [9].  

  

The prerequisites for the identification of victims on the basis of 

fingerprints is the availability of viable AM and PM prints and the 

expertise of qualified fingerprint experts. There are two main types of AM 

fingerprints; those taken for identification purposes (known person) and 



 

18 
 

fingerprints left in every environment and on personal belongings 

(uncertain donor). 

The first can be found on police files established for criminal investigation, 

immigration and asylum records and personal documents. For this reason a 

good investigation must be conducted on the basis of the curriculum vitae 

of the missing person for the purpose of identifying potential sources of 

registered fingerprints. The second type of fingerprints can be found on 

personal belongings. For this reason, personal belongings of missing 

subjects should not be damaged, soiled or stained.  

For the collection of PM fingerprints, hands are cleaned with water or a 

soap emulsion and dried with a cloth or cellulose towel. Cleaning the hands 

with alcohol first will result in much better prints because it softens the skin 

well and makes the skin more pliable. To make the impression easier, the 

fingers, palms of the hand are dyed with a specific powder using a brush. 

The result is a set of normal fingerprints (positive and colour‐accurate) on a 

white background [10]. Special procedures can also be adopted depending 

on the cadavers conditions (e.g. decomposition, mummification, etc.) [11]. 

 

1.2.5 DNA profiling  

Deoxyribonucleic acid (DNA) profiling has two forensic human 

identification applications: the positive identification of decedents and the 

analysis of biological material to confirm or exclude identity of an accused. 

DNA profiling as a method of positive identification emerged in 1985, 

when Alex Jeffreys discovered significant individual variation between 

individuals in particular regions of DNA [2]. This original approach, based 

on minisatellite hybridisation, came to be known as DNA fingerprint 

analysis. Since then, DNA analysis has undergone rapid evolution [3]. The 

developments were instigated by the need for more specific and more 

sensitive methods allowing identification based on less material of lower 
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quality[4]. One strand of nuclear DNA consists of a randomly ordered 

series of four nucleotides. Each nucleotide is composed of one of four 

nitrogenous bases (adenine (A), guanine (G), thymine (T), or cytosine (C)), 

a sugar, and a phosphate group. because of its shape of double-stranded the 

DNA resembles a helical ladder, two linear sugar–phosphate strings linked 

by complementary nitrogenous bases (A–T or G–C) that form base pairs.  

Forensic genetics focus their attention on genomic sequences that show 

variations between individuals (polymorphisms) outside the coding 

sequences, i.e. intergenic DNA or introns-representing 98% of the human 

genome. On average, humans share 99.9% of their genome sequence. 

However, since the human genome (23 chromosomal pairs) consists of 

approximately three billion base pairs, this leaves millions of potentially 

polymorphic sites for individualization between different human DNA 

profiles. 

Depending on the type of DNA utilized and method of polymorphic 

analysis, there are several types of DNA profiling possible (Figure 4). 

Nuclear DNA (nuDNA) and mitochondrial DNA (mtDNA) are both 

accessible in a cell, but each DNA has different genetic information. 

Nuclear DNA represents the genetic material inherited from each parent. 

While there are just two copies of nuDNA in each cell, its tremendous 

number of base pairs and the diversity created by recombination of 

chromosome pairs during meiosis allows to uniquely identify an individual. 

Conversely, the number of copies (>1000) of mtDNA in a single cell 

exceeds that of nuDNA, but fewer base pairs (16,569) are present. The 

study of mtDNA is useful when samples with no (e.g. hair shaft) or few 

nucleated cells left (bone and teeth from skeletonized, or charred bodies) 

are the only available  [12-14]. However, mtDNA, being strictly maternally 

inherited, is not unique to an individual, is shared by subjects with a 
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common maternal lineage and therefore it can’t give a positive 

identification.  

 

 

Figure 4. Sources of human genetic variation used in forensic analysis. FBI 

CODIS: US Federal Bureau of Investigation Combined DNA Index System; 

HVS: hypervariable site; Mb, megabase; SGM, second generation 

multiplex [15];  

 

Several class of polymorphisms amenable to genetic identification are 

present in the human genome (Figure 4): single nucleotide polymorphisms 

(SNPs), consisting of single-base differences, are found every 2 kilobases 

[16]; insertion/deletion of brief sequences of variable length (Indels) every 

7 kilobases [17].  

However the class of DNA polymorphisms most suited for forensic human 

identification are tandem repeats (i.e. compact arrays of sequences of 

variable length repeated a variable number of times). They include 

minisatellites (repeated motif of 6–100 bp) and microsatellites (repeated 
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motif of 1–5 bp), often referred to as short tandem repeats (STRs) or simple 

sequence repeats (SSRs) [4].  

But, the large quantities of genetic material required to perform VNTR 

analysis limited the technique to biological samples for which a large 

amount of well-preserved DNA was available. 

In particular, STRs are ideal for DNA profiling  [18] since they are 

relatively short (100–350 bp) pieces of DNA, exhibiting significant 

polymorphic variability  [19, 20], and easily amplified through polymerase 

chain reaction (PCR) permitting to obtain millions of copy of the genetic 

region of interest even from highly degraded DNA. Moreover multiplex 

PCR, i.e. simultanesous amplification of different STRs by means of dye-

labelled primers, enables investigator to increase the amount of information 

derived from single, minute biological traces. 

The resulting PCR products are then separated through capillary 

electrophoresis (CE) based on their size, in combination with sinthetic 

DNA fragments of known size (size standard) and allelic ladders, including 

the most common variants found in humans at the STR locus of interest. A 

genotyping software is then used to transform the size information into the 

number of repeat units at each locus, to finally obtain a “DNA profile”, 

which will be compared  with a reference, if available (Figure 5). 
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Figure 5. STR genotyping by means of CE. In the left upper pane the allelic 

ladder of four STR markers is shown. In the left lower pane, amplicons 

observed for control DNA 9947A are depicted. Both ladder and sample 

were mixed with the same internal size standard (in orange) which enables 

the determination of peak size and straightforward association of size to 

genotype (right pane). 

 

Standard sets of STRs (Table 2) have been selected in the last twenty years 

to help DNA identification more effectively. In 1998 the U.S. Federal 

Bureau of Investigation (FBI) introduced the Combined DNA Index 

System (CODIS) which was recently extended to 20 loci in 2017  [21]. In 

2009, the European Council resolution 2009/C 296/01 identified the 

“extended European Standard Set (ESS)” as the panel of markers for DNA 

profiling data exchange between Union member states. 
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Extended ESS CODIS Expanded CODIS 

D3S1358 D3S1358 D3S1358 

        vWA vWA vWA 

D8S1179 D8S1179 D8S1179 

D21S11 D21S11 D21S11 

       D18S51 D18S51 D18S51 

TH01 TH01 TH01 

FGA FGA FGA 

D1S1656 - D1S1656 

D2S441 - D2S441 

D10S1248 - D10S1248 

D12S391 - D12S391 

D22S10145 - D22S10145 

- CSF1PO CSF1PO 

- TPOX TPOX 

- D5S818 D5S818 

- D7S820 D7S820 

- D13S317 D13S317 

- D16S539 D16S539 

- - D19S433 

- - D2S1328 

 

Table 2. Standard sets of STRs.  

 

The primary goals of DNA profiling in DVI procedure are the 

Identification of the victims (by comparing to DNA profiles from reference 

samples), association of body parts (sometimes from highly fragmented 

remains) and, in some cases, the identification of perpetrators (often from 
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contact traces). However, most of the difficulties are related to: scarcity 

and/or degradation of the analysable genetic material, non-homogeneous 

character of the material and lack of informative reference samples. The 

quality of the genetic material to be analysed is strongly influenced by the 

time since death and environmental conditions. Factors such as high 

temperature, contamination of remains with dirt or jet fuel, the putrefaction 

process ormicrobiological infestation, may significantly impair DNA 

quality [4]. 

When the recovered DNA is highly fragmented, STRs can be 

complemented with polymorphisms with short amplicon size, like SNPs, or 

characterized by relateively more abundant copies of the target molecule, 

like mtDNA. mtDNA as well as Y-chromosomal STRs (transmitted from 

father to son without recombination) can also be used to detect 

relationships between DVI victims. Since, because of their peculiar 

transmission mechanism, Y chromosome and mtDNA variants tend to be 

geographically structured, they can also allow investigators to draw a 

hypothesis on the ancestry of the found human remains [22]. In mass 

disasters involving subjects of several nationalities, ancestry informative 

markers (AIMs) can contribute to the identification process by: 1) enabling 

the matching of human remains and reference samples from an unknown 

person’s relatives according to their ancestry; 2) guiding the choice of 

proper reference STR frequency databases for identity/kinship calculations. 

 

2. Ancestry informative markers 

Bio-geographical ancestry analysis concentrates on the population variation 

found in an individual that can signal their origin from a particular 

geographic region. Inference of ancestry in forensic analysis gives 

possibilities to substitute eyewitness testimony, when descriptions are 

uncertain, unavailable or may misdirect investigators. Nevertheless in 
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forensic analysis, ancestry inference offers many other applications, 

including achieving more complete identifications of missing persons or 

disaster victims, confirming a donor’s self-declared ancestry, helping to 

refine familiar search strategies, finally, assessing atypical combinations of 

physical characteristics in individuals with admixed parentage [23].                                                                                                                                                                  

In brief, AIMs show high allele frequency divergence between different 

ancestral or geographically distant populations and are especially useful in 

inferring the likely ancestral origin of an individual or estimating the 

apportionment of ancestry components in admixed individuals or 

populations. 

In the population genetics field AIMs are used mainly to estimate ancestry 

proportions in admixed populations and assess the structure of those 

populations. 

Furthermore, AIMs are of great interest in forensic genetics, with the 

potential to provide an intelligence tool in criminal investigations. In the 

absence of any other investigative leads, AIM genotypes obtained from 

evidential material could indicate the likely ancestry of the donor, and 

therefore help direct the course of investigations [24]. 

 

2.1 Autosomal STRs  

The ability of forensically relevant DNA markers to act as AIMs depend on 

their molecular structure and genetic properties. For example, the high 

mutation rate of STR loci (10−3–10−5), while rendering them very 

informative for identification purposes, also makes them less stable [25, 

26]. The resulting difficulty in distinguishing alleles identical by state (i.e. 

by chance) from those identical by descent (inherited from a common 

ancestor) compromisse the use of STRs in lineage or ethnicity analysis 

[27]. 
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Studies about this field discovered that there is a reduction in genetic 

variation with distance from the theoretical geographic focus of Addis 

Ababa. This have a great bearing on forensic ancestry testing, as American 

and Oceanian populations are more likely to show low heterozygosity 

variants with higher variability in Africans, Eurasians and East Asians. 

Additionally non-African population divergence will generally be greater 

than other group comparisons; so fewer markers are well differentiated 

between Eurasians and East Asians.  

These characteristics of human variation indicate a repeated pattern of 

small-group migration into new regions, separation from the ancestral 

population group then rapid expansion. This process has allowed genetic 

drift to form a significant force in shaping contemporary human population 

structure. Three additional factors also partly explain the distribution of 

human diversity: regional variation in selection, migration and admixture (a 

sudden increase in gene flow between two differentiated populations). In 

addition, natural selection can vary according to bio-geographical factors 

such as climate, presence of disease or diet/agricultural practices. For 

example due to these factors, there are a lot strong discontinuities in variant 

allele frequencies, including genes: SLC24A5 producing de-pigmentation 

in Europeans; DARC in African populations in response to regional 

prevalence of malaria, and LCT-MCM6 in three separate geographic 

regions as adaptation to milk consumption.                                                                                                               

Therefore contemporary human population diversity is likely to have been 

shaped by past selection and migration-mediated admixture.  

For this reason forensic ancestry analysis is based on compact marker sets 

selected (AIMs) to have strong allele frequency differentiation [24]. 

The great majority of AIM panels described to date use SNPs and only a 

minority apply STRs, INDELs or also haploid markers like Y Chromosome 

and mtDNA. 
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The most frequently applied methodology of personal genetic identification 

relies on STR profiling.  

A DNA sequence containing a variable number (typically ≤50) of tandemly 

repeated short (2–6 bp) sequence motifs, such as (GATA)n. Forensically 

used STRs are usually tetranucleotide repeats, which have few stutter 

artefacts  [18].  

The number of alleles of the forensically relevant STR loci ranges usually 

from 5 to 20 common alleles [19], and these STRs are characterised by 

high values of polymorphic informativity content (PIC) and have a high 

power of individual discrimination [20].  

In brief, autosomal STR profiles are generated from biological materials 

found at crime scenes and compared with profiles of known suspects 

identified by police investigations or included in national forensic DNA 

databases.  

STR profiling is commonly applied to determine kinship, including 

paternity testing, which is often complemented by that of Y-chromosome, 

and it also used for disaster victim identification (DVI), where matching 

profiles between human remains and antemortem samples belonging to the 

victim, or profile similarities with genotyped relatives, provide 

identification evidence  [18]. 

firstly, STRs were used for involving detection on silverstained 

polyacrylamide gels, while the currently used technology is based on 

fluorescence detection methods involving gel or capillary electrophoresis 

and, more recently, ABI gel-based DNA sequencers [27]. STRs are 

particularly informative on well-preserved soft tissue and bone samples. 

A European Standard Set (ESS) includes seven loci: D3S1358, FGA, 

D8S1179, TH01, VWA, D18S51 and D21S11 

(http://www.promega.com/resources/articles/ profiles-in-
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dna/2009/expansion-of-the-european standardset/, last accessed 20 

September 2017). 

ESS forms the core STR system used in European national DNA databases; 

together with the amelogenin locus, it is equivalent to the Interpol standard 

set of loci, ISSOL (http://www.dna-

conference.eu/ppt/Van%20der%20Beek. Pdf, last accessed 20 September 

2017). The UK and much of Europe utilise the so-called second-generation 

multiplex plus (SGMPLUS) profile, consisting of eight loci from the 

CODIS core set (FGA, TH01, VWA, D3S1358, D8S1179, D16S539, 

D18S51 and D21S11), along with two additional markers, D2S1338 and 

D19S433, and with the amelogenin locus  [27]. 

Most of the STR markers used in commercial kits are located on separate 

chromosomes (or are located over 25 Mb apart) [23]. 

However there are a lot of problem about these Ancestry Informative 

Markers. 

The sizes of the PCR amplicons of the forensically used short tandem 

repeats (STRs) included in commercial kits can be as large as 500 bp. This 

can lead to genotyping failures when working with fragmented DNA from 

degraded samples, which is commonly encountered in crime scene 

investigation and disaster victim identification (DVI). The high mutation 

rate of STR loci (10−3–10−5), while rendering them very informative, also 

makes them less stable [25, 26]. The resulting problems with distinguishing 

the alleles identical by state from those identical by descent compromise 

the use of STRs in lineage or ethnicity analysis [27]. 

Then, STRs do not provide phenotypic hints regarding the analysed 

samples. 

With the recent introduction of commercial miniSTR kits, fragment sizes 

have been reduced mostly below 200 bp, and the use of miniSTRs is 

expected to substantially increase the efficiency of STR-based human 
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identification. However, current miniSTR fragment sizes may still be too 

large for the successful analysis of heavily fragmented DNA found in some 

forensic cases, especially in DVI, where very short amplicons of ~50 bp are 

needed. In general, such short PCR amplicons are not achievable with 

STRs owing to the length of the repetitive sequence they include. 

For this reason, forensic genetists thought increasing sensitivity. 

However, in many such cases the amount of DNA available for STR 

profiling is very low, and the analysis of such low template DNA 

introduces problems such as allele drop-in and drop-out, increased 

heterozygote peak imbalance, and high levels of stutter artefacts. These 

factors result in difficulties in individual STR profile determination, 

particularly from mixed samples. 

The recently introduced miniSTRs have increased the success of analysing 

low amounts of even degraded DNA. However, pushing the sensitivity 

limits of forensic STR profiling also increases the risk of detecting DNA 

contamination;                             

Then, they tried improving accuracy increasing the number of markers. 

Until recently, a European standard set (ESS) of seven STR loci was 

common to all European national forensic DNA databases128; this is 

considerably less than the 13 STRs applied in the United States and in 

many other countries. It is known that using insufficient numbers of STRs 

can lead to false-positive matches. Consequently, pan-European efforts to 

fight crime using STRs were limited, especially when considering partial 

STR profiles, which became a serious issue with the recent establishment 

of regulations on sharing forensic STR profiles among European countries. 

Therefore, the Council of the European Union recently adopted a resolution 

to add five additional autosomal STRs to the current ESS, which have now 

been implemented into new commercial kits [18]. 
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2.2 Haploid markers 

Haploid markers are those present in single copy in the human genome (Y 

chromosome, X chromosome in males, and mtDNA). An haplotype is a 

specific Y chromosome or mitochondrial type defined by the combination 

of genotypes of rapidly evolving markers, usually STRs for Y, and non 

coding sequences in mtDNA. Haplogroups, on the other hand, define 

combinations of relatively more stable markers like SNPs in the Y 

chromosome and coding region of mtDNA. 

 The main forensic application of Y-STRs is the identification of male 

individuals in cases of sexual assault, where usually mixed stains are 

analysed that contain DNA from both the male perpetrator and (often in 

large excess) the female victim. 

But Y-STR markers currently used in forensics also allow the identification 

of groups of paternally related men (paternal lineages) in most human 

populations with a high level of resolution. Exceptions include those 

populations, such as the Finns, that have recently undergone bottleneck 

events or founder events with subsequent expansions. Marked reduction in 

population size followed by the survival and expansion of a small, random 

sample of the original population, as well as situations in which a new 

population is founded by a small number of incoming individuals, both 

result in the loss of genetic variation and more frequent matings among 

closely related individuals. Founder event is. Similar to a bottleneck, the 

founder effect severely reduces genetic diversity, increasing the effect of 

random drift. 

Overall, current Y‑STR sets provide suitable tools for excluding males 

from involvement in crime cases such as sexual assault. However, In the 

absence of sufficient empirical data, it is difficult to know how reliable 

Y‑STR haplotype frequencies obtained from existing Y‑STR databases are, 

because they contain only unrelated males. It is expected that the 



 

31 
 

uncertainty about the true Y‑STR haplotype frequency is larger in rural 

areas, where more related men are expected to be found in a specific 

region, and is smaller in metropolitan areas. Ideally, Y‑STR haplotype 

frequency databases should be established from randomly chosen men, 

including related and unrelated individuals, to reflect the amount of male 

population substructure in a region [18]. 

AS previously stated, the forensic analysis of nuclear markers may fail to 

give reliable results, due to the degradation of nuclear DNA in the available 

material or because of the insufficient amount of DNA. In such cases, 

mtDNA is a much more convenient marker, due to its higher resistance to 

degradation and a high copy number per cell.  Because of the lack of 

recombination, mtDNA can be analysed as a single, highly informative 

multiallelic locus (haplotype). By convention, mtDNA sequences 

haplotypes are recorded by listing only the differences from the universal 

reference sequence, also called the Cambridge or Anderson’s sequence 

(Isenberg and Moore 1999). Like in the Y chromosome, uniparental mode 

of inheritance favors genetic structuring in populations and allows the use 

of mtDNA for ancestry determination  [13, 28].  

Mitochondrial haplogroups of evolutionary stable coding SNPs, as well as 

Y-SNP haplogroups, often have a continental-specific distribution and can 

be used to indicate the matrilineal/patrilineal origin of the analysed sample 

(Figure 6).  
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Figure 6. Worldwide distribution of main mtDNA (left) and Y (right) 

haplogroups. 

 

However haploid markers are susceptible to issues that make the accuracy 

of DNA-based biogeographic ancestry inference uncertain in some 

contexts. The most important factor here is sex-biased genetic admixture, 

where a person’s paternal ancestors come from a different geographic 

region to the maternal ancestors. Well-known examples in which this 

applies to an entire geographic region, come from South America, but can 

also be true foer the Mediterranean basin. Moreover, especially in countries 

where continental groups are now living next to each other, it can never be 

excluded a priori that an unknown sample donor is of mixed biogeographic 

ancestry. In all these cases, the actual phenotype of the individual may be 

very different from that indicated from ancestry analysis, since both Y 

chromosome and mtDNA  have a limited effects on the external visual 

characteristics of an individual. Therefore informative sets of 

Y-chromosomal and mtDNA markers need at least to be combined together 

with those from the autosomes for a more accurate DNA-based inference of 

biogeographic ancestry. 

 

2.3 Autosomal SNPs  

SNPs are characterised by a low mutation rate, on the order of 

10−8/site/generation, which makes them stable genetic markers, with 

alleles’ identity by state reflecting their identity by descent. This is why 

differences in SNPs’ frequency and distribution across ethnically diverse 

populations may be assumed to represent their distinct evolutionary and 

demographic histories [29, 30] and consequently                                                                                                                

used for inferring the geographic or ethnic origin of an individual.                                                                                  

Efficient discrimination of ancestry requires genotyping a large number of 
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AIMs, due to their generally biallelic nature (with maximum possible 

heterozygosity 0.5, compared to >0.7 of STRs) [4].                                                                                                                                                                              

Based on large, genome‑wide sets of autosomal SNPs, which recently 

became available through commercial microarrays and are now compiled 

in large Publicly available datasets (Hapmap, HGDP-CEPH, 1000 

Genomes, etc.), biogeographic ancestry has now been studied in the context 

of a wide range of geographical distances. Global studies involving all 

major continental regions and studies within (sub)continents — that is, 

Africa, India, Asia and Europe revealed genome‑wide genetic population 

substructure on different levels as assessed using various statistical 

approaches. Of course, this does not suggest that such geographic 

resolution can be achieved in all possible cases. Although individuals with 

different continental origins can usually be separated by genome‑wide SNP 

data, some level of overlap exists between particular continental regions. 

This genetic overlap increases with decreasing geographic distance, such as 

between regions within continents. For example, although a strong 

correlation between geographic and individual genetic distance exists 

within Europe, there is considerable overlap in genetic similarity 

distributions between neighbouring European subpopulations, which 

prevents completely accurate determination.      Moreover it must be 

considered that whole genome SNP microarrays are extremely powerful for 

the identification of biogeographic ancestry, but they are not very useful in 

practice for analysis of forensic samples, usually consisting of very limited 

amounts of DNA. Therefore, small sets of autosomal ancestry sensitive 

DNA markers have been developed for DNA based inference of 

biogeographic ancestry at the level of continental resolution.  The main 

problem in the selection of markers is to identify SNPs which maximize 

differentiation in all the major human groups. The distribution of human 

diversity has led to strong divergence between African and other 
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populations followed by that between Eurasians and other populations, 

with East Asians showing the lowest divergence with Oceanians and 

Americans due to recent founding events in these regions. Therefore, 

selection of forensic AIM-SNPs tends to find many more African-

informative loci than for other group comparisons. As well as being easier 

to find, African informative AIM-SNPs also show higher average levels of 

differentiation.     Selection can lead to alleles reaching very high 

frequencies or even fixation in specific groups. Well-documented examples 

exist for these factors, creating strong discontinuities in variant allele 

frequencies, including genes: SLC24A5 producing de-pigmentation in 

Europeans; DARC in African populations in response to regional 

prevalence of malaria, and LCT-MCM6 in multiple geographic regions as 

adaptation to milk consumption However,  this process is rare [31]. The 

predominant mode for allele frequency differentiation to occur is more 

likely to be soft sweeps, where allele frequencies change more moderately 

and diversity between groups shows slight discontinuities  [32].                                            

The original selection of SNPs ancestry panels had followed the framework 

developed by Shriver et al. for identifying ancestry informative variation 

[33, 34].         

Shriver proposed the genetic distance between populations for any one 

marker could be estimated from the d metric: the allele frequency 

differential, as the absolute value of px  py (comparing allele frequency p 

in populations X and Y). The d value is very simply 

calculated in binary loci. Shriver demonstrated that SNPs sorted by d 

produced a ranked list of ancestry markers that maximize the collective 

divergence amongst the population group comparisons they are selected 

for. 

Another problem is that population data is not always available to allow 

selection of AIMs informative for population groups besides Africans, 
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Europeans and East Asians. For example the 1000 Genomes project Phase 

III data release lists_79 million SNP variants in 2535 individuals from 26 

populations [http://www.1000genomes.org/announcements/initial-phase-3-

variant-list-andphased-genotypes-2014-06-24, last accessed 20 September 

2017], but does not addresses worldwide regions like  Oceania, and Middle 

East. These are included in the HGDP-CEPH which, however, surveys 

much less loci in comparison [35]. 

Among the most popular AIM-SNP assays developed in the recent years is 

the 34-plex SNP assay from the SNP for ID Consortium [36]. Two recently 

developed forensic AIM sets from Kidd et al. [37] and Phillips et al. [38] 

combined 55 and 128 SNPs, respectively (Figure 7). Both anticipate the 

expanded multiplexing scales offered by next generation sequencing 

(NGS). 

 

 

 

Figure 7. Snipper generated PCA plots showing the system of overlaying 

an unknown profile (contro lDNA 9947A) onto reference data clusters. (A) 

34-plex genotypes from 1000 Genomes. Gray points are points of reduced 

9947A profiles obtained from progressively degraded samples. Point M is 

an artificial 3:1 mixture of European–East Asian donors. (B) Global 128 

file:///C:/Users/Casa/Desktop/www.1000genomes.org/announcements/initial-phase-3-variant-list-andphased-genotypes-2014-06-24
file:///C:/Users/Casa/Desktop/www.1000genomes.org/announcements/initial-phase-3-variant-list-andphased-genotypes-2014-06-24
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AIM panel genotypes from 1000 Genomes and HGDP-CEPH Native 

American/Oceanian samples. Borders added to show marginal overlap 

between two sets of clusters. 

 

The major limit in the application of AIM-SNP assays in forensic is their 

compatibility with standard CE analysis. Genotyping of SNPs is usually 

performed through ”minisequencing”, a double step technique consisting of 

initial multiplex amplification of target regions, followed by single base 

extension using sequencing primers directly adiacent to the polymorphic 

position and a mixture of all four nucleotide terminators (ddNTPs) [39]. 

The procedure can therefore be cumbersome and time consuming. 

A complementary class of AIMs that keep the  

multiplexing scale and capacity for very short amplicon PCR of 

SNPs, but is fully compatible with standard STR analysis through CE 

consists of Indels [40]. 

  

2.4 Indels  

As previously noted, small length Indels are abundant in the human 

genome and amenable to simple analysis through PCR amplification and 

electrophoresis. The Marshfield linkage marker sets [41]  include extensive 

numbers of short binary indels and several AIM-indel panels were sourced 

from these sets.  

In particular Pereira’s 46-plex AIM-indel panel  [24] (has equivalent 

forensic sensitivity to the 34-plex SNPs, even adding differentiation of 

Native Americans. Therefore, this panel provides a simple option for 

laboratories interested in forensic ancestry inference from a single test, with 

the key feature of detecting mixed DNA. Forensic SNP genotyping with 

SNaPshot does not efficiently distinguish the peak height skews of 

heterozygotes from patterns seen in mixed DNA. All AIM-indel assays 
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detect dye-labeled PCR products sent directly from PCR amplifications to 

capillary electrophoresis (PCR-to-CE). Hence, peak pairs within any one 

locus are much more balanced and mixtures can be identified from 

imbalanced signal ratios. Ability to detect mixed DNA is an important 

consideration for forensic ancestry tests as individuals with co-ancestry can 

be indistinguishable from mixed DNA genotype patterns [23].                                                                                                                                                                   

The simplicity of the INDEL approach delivers ease-of-use, time and cost 

effectiveness, and most important in forensic analysis, considerably 

reduces the steps involved in the genotyping of an ancestry-informative 

biallelic marker set in comparison with AIM-SNPs. The direct workflow 

minimizes manipulation, risks of contamination or sample mixups, and 

reduces to a minimum the number of variables affecting the end result [40]. 

 

3.  Inference of Ancestry: Analysis of Genetic Data 

The definition of population is commonly subjective, based on language, 

culture, or physical characteristics, and then, of course, also on geographic 

locations.A possible approach to inference of ancestry in forensic analysis 

can start with using a set of predefined population as a reference to classify 

unknown origin's individuals.                                                                                                                                                                                         

In particular, this involves sampling DNA from members of potential 

source popilations to estimante alle frequencies in each population at a 

series of unliked loci.                                                                                                                         

Allele frequencies can be used to compute a set of likelihoods that a given 

profile of genotypesoriginates in each population. These likelihoods allow 

the assignment of individuals of unknown origin to populations based on 

the highest likelihood ratio.                                                                                                                          

Bayesian population analysis methods try to find a relationship between the 

frequencies of a known population's alleles and those observed in the 

individual to be identified in the population.Two valid approaches are 



 

38 
 

considered useful in this field: a systematic Bayesian clustering approach 

known as STRUCTURE software and a naive Bayesian likelihood ratio 

based calculator (the Snipper web portal). Both methods use a Bayesian 

approach but the difference between STRUCTURE and Snipper lies in how 

the likelihood is computed.                                                                                                                                                              

Principal Component Analysis (PCA) is, also, a commonly used 

multivariate analysis method, especially as an exploratory tool and to 

summarize genetic similirities and differences between groups of 

population  [42]. 

 

3.1 Structure software  

STRUCTURE use genotypic data from several loci to: (1) infer population 

structure; (2) identify subpopulation (subsets of samples with distinct allele 

frequencies); (3) assign individuals to subpopulations (based on 

probabilities); and (4) study admixture between populations. It uses a 

population structure model where studied samples represent a mixture of K 

unknown  populations each characterized by unknown allele frequencies 

for the loci used and where these are assumed to be in Hardy-Weinberg 

equilibrium (HWE) and independent (not in linkage disequilibrium). The 

objective is to classify individuals into K cluster in a way that deviations 

from HWE and independence are minimized.                                                                                                                              

Assuming HWE and independence in every sub-population, the probability 

that an individual's genotype follows the K sub-population is given by the 

output of the allele frequencies. If these frequencies in a population were 

already known, it would be easy to assign an individual to the population. 

The estimate of a perfect K value is computed in a complex way. In fact, 

for each simulation, a posterior probability value Pr(K) is calculated.                                                                                                            

In general, for a K value under the optimum, Pr (K) is low but tends to 

stabilize with a higher K value, so a plateau is sought. When, then, different 
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K values have similar estimates Ln Pr (K), the smallest of them is usually 

the most appropriate. Though it is not always possible to know the real 

value of K, so it is best to choose the lowest value that captures the largest 

number of data.  

In the case of individuals with mixed DNA, maybe due to recent ancestors 

from multiple populations, ancestry membership proportions from each 

ancestral population can be calculated. Also some individuals with these 

known characteristics can be used as a reference in order to help in the bio-

geographic identification of an individual.                                                                                                          

STRUCTURE calculates the mean value of alpha(α) as a measure of the 

relative admixture levels between population, when α ˃˃ 1 the individuals 

are highly admixed; for values of α ˂˂ 1 each individual has its origin 

mainly in one population.                                                                                                      

The program can also represent the population and individual ancestry 

membership proportions in two different types of plot. A bar plot where 

each individual of the data set is represented by a vertical line divided into 

K coloured segments proportional to the estimated membership in each of 

the K inferred clusters. Then, a triangle plot where each individual is 

represented as a coloured point where each dye corresponds to the 

population tag in the input file firstly created.                                                                                                                                     

Other programs, like CLUMPP and Distruct, are used as STRUCTURE 

support. The first allows the transformation of any number of replicated 

simulations for each K value in a single data set. Distruct, on the other 

hand, allows the display of estimated membership coefficients [42]. 

 

3.2 The Snipper web portal  

The web Snipper Portal includes a linear Bayesian system to try to find out 

ancestral origins and the rate of possible misclassification using binary 

markers. It uses a set of samples of each population as training sets and 
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assigns individuals to the population of which it is most likely. The 

probability of the parameters is estimated by the training set at frequencies 

assuming HWE and independence for loci studied. Firstly, the web Portal 

Snipper was designed to provide a 34-plex profiles ancestry assignment 

system with 3 different populations of origin (AFR, EUR, E. ASN). 

Recently, this program has been improved and includes 34-plex and AIM-

Indel, but with 5 populations of origin (AFR, EUR, E.ASN, AME, OCE).                                                                                                    

This program uses a particular classification algorithm that assigns an 

individual (ind) to the population from pop i … pop n like this:                                                                                                                                                      

P((xl, . . . ,xm)ind popi ) = P(xlind popi ) . . . P(xmind popi )                                                                                                               

where  (xl,…,xm)  is the SNP genotype profile. 

Snipper also includes an option to analyse training sets to gauge 

characteristics of the component binary markers. This is useful to assess the 

informativeness of new candidate AIM binary markers for ancestry 

inference.                                                                                                                                 

Results from the analysis of a profile comprise the submitted profile, the 

assumed classifier, the-log likelihoods (use of –log likelihoods permits 

easier comparison of the very small likelihood ratio figures normally 

generated) and percentiles for the training set population groups; the 

likelihood ratio in verbose format and predicted admixture components and 

ancestry, a set of summarizing the classification, the apparent success of 

the classification, and a list of the markers in descending order of 

divergence  [42, 43]. 

 

3.3 Principal component analysis 

Principal Component Analysis (PCA) is a multivariate data analysis 

technique allowing the reduction of dimensionality, using fewer variables, 

preserving anyway a lot of information in the data. Usually  principal 

components are constructed as linear combinations of the original variables 
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and they are two and or three. for this reason it allows graphical 

representation of the data in a 2D plane or 3D graphic, providing fast visual 

recognition of patterns or clusters. This analysis, then, allows the 

exploration of data sets and shows the proximity between individuals. 

Indeed, it is possible to include single/multiple casework samples in the 

PCA plot generated for the reference populations, and then infer the most 

likely classification of individuals based on their position in  the plot [42]. 

  

 

4. The European migrant crisis 

4.1 Identification and Tracing of Dead and Missing Migrants in the 

Mediterranean Sea  

The need to identify the dead, aided by progresses in genetic identification 

technologies, has gained greater importance over the last fifty years. The 

right of every human being not to lose their identity after death is in fact 

universal value today. But this is not the case for the hundreds of people 

who have been trying in vain for years to cross the Mediterranean Sea. 

Most of these people were scattered throughout the journey; But bodies that 

have been recovered are buried in common cemeteries in different southern 

European countries without any identification.                                                                                                                               

In November 2015 in Milan the countries most affected by the 

phenomenon of immigration through the Mediterranean (Italy, Spain, 

Greece, Malta, France and Portugal) met in an International Conference to 

address this issue. The Conference led to the adoption of practical 

recommendations for forensic analysis, data collection and identification of 

bodies of dead migrants with the aim of providing guidelines for the 

institutions affected by this phenomenon. Increasing political and 

institutional awareness and assistance at international, national and regional 

level is needed in order to address the problem of identifying dead migrants 
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in the Mediterranean, and to improve the communication and collaboration 

of forensic and investigative agencies involved in recovering bodies. This 

includes the creation of centralized databases with information on dead 

migrants and disappeared people in each region, which must be accessible 

and usable by various agencies, including international humanitarian 

organizations [44]. 

 

4.2 The Central Mediterranean route 

The main routes for irregular migration across the Mediterranean area to 

the EU are the following: from Turkey to Greece – both by sea and by land 

in the Evros region (the Eastern Mediterranean route); from Tunisia and 

Libya to Italy and Malta (the Central Mediterranean route); from Morocco 

to mainland Spain by sea, as well as to the Spanish enclaves, Ceuta and 

Melilla, by land and sea (the Western Mediterranean route); and from the 

West African coast (Cabo Verde, Mauritania, Morocco and Senegal) to the 

Canary Islands (Figure 8) [45] 

 

 

Figure 8. Main routes of illegal border crossings on the Mediterranean. 
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2015 was the deadliest year on record for the Mediterranean, with at least 

3,770 persons lost at sea Roughly 77 per cent of deaths in 2015 occurred in 

the Central Mediterranean. Considering that the number of maritime 

arrivals in 2015 was more than 350 per cent higher than in 2014, and over 

14 times greater than in 2011, the risk of death was lower in 2015 than in 

the previous year (Figure 9) [46]. However, this is not due to a reduction of 

the rate of death in the Central Mediterranean, the route accounting for the 

vast majority of deaths in 2014 and 2015, but rather is due to the increase 

in Syrian migrants using the safer Eastern Mediterranean route. The rates 

of death in the Central Mediterranean fluctuate from around 6 per cent 

between January and April 2015 – mainly buoyed by high rates of deaths in 

February and April – and falling to an average of 1 per cent for the 

remainder of the year, with spikes in August and October. 
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Figure 9. Recorded migrant arrivals and deaths in the Mediterranean by 

route,in 2015. 
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Well into 2016, according to UNHCR (data.unhcr.org/Mediterranean), the 

Central Mediterranean was used mainly by Nigerians (37.551 or 21%) 

Eritreans, (20.718 or 11%), and other African migrants from West Africa: 

Guinea (13.345 or 7%), Côte d'Ivoire (12.396 or 7%), The Gambia (11.929 

or 7%), Senegal (10.327 or 6%) and Mali (10.010 or 6%). The proportion 

of Iraqis (1.455 or 1%), Syrians (1.200 or 1%), and Afghans (437 or 0.2%) 

amongst arrivals to Italy remain very low. 

 

 

 

Figure 10. Country of origin of sea arrivals to Italy in 2016. 

 

4.3 The special case of Eritrea 

Migrants flee Eritrea forced by military conscription and political 

persecution, seeking asylum and also looking towards destinations that 

provide economic opportunities. Eritrea, is one of the world’s poorest 

countries and is a closed and highly securitized State, widely regarded as 

repressive and authoritarian. According to Human Rights Watch, in Eritrea, 

citizens experience arbitrary and indefinite detention; torture; inhumane 

conditions of confinement; restrictions on freedom of speech and press, 
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movement and belief; and indefinite conscription and forced labour in 

national service (www.hrw.org/world-report/2013/country-chapters/eritrea, 

last accessed 20 September 2017) [World Report 2013. Human Rights 

Watch, New York.]. Eritrea has troubled relations with both the African 

Union and the United Nations, as well as the Intergovernmental Authority 

on Development (IGAD), from which it was suspended in 2007. The 

Government is frequently the target of international censure by human 

rights organizations and other bodies. A large share of its 6 million citizens 

have sought to emigrate, often at great risk to themselves. Conscription is 

mandatory and often greatly exceeds the 19-month limit on active duty laid 

out in the 1995 Proclamation.8 Reports suggest that conditions during 

military service are severe, with inadequate food, shelter and equipment, 

together with long days of forced manual labour and extensive sexual 

exploitation of female recruits [47]. 

 

4.4 The 18th April 2015 accident  

On April 18, 2015, one of the many journeys of hope, from Libya to Italy, 

turned into a massacre, when a 20 meters boat loaded with migrants sank in 

the Straits of Sicily. Apparently the boat, after a helping call to the Italian 

Coast Guard, was reached by King Job, a 147-meters container carrier with 

the flag of Portugal, which had already made four reliefs in the last few 

days. According to the commander's testimony, migrants, seeing the 

container, move in mass on the same frenzy. For this reason, the boat is 

overturned. Survivors were only 28. The first estimates made by the Italian 

Coast Guard have spoken of 700 people, but survivors witnessed the 

presence of 950 people aboard including people from Syria, Bangladesh, 

West and East Africa (among them about 350 Eritreans) (R.M. Townsend, 

The European Migrant Crisis, Lulu Press Inc., Morrisville, 2015.). In 2016, 

http://www.hrw.org/world-report/2013/country-chapters/eritrea
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the Italian Government launched a task force to raise the sunken boat, 

perform autopsies on recovered bodies, and collect samples for future DNA 

testing. 

The vessel was raised in June 2016, and bodies transferred to a NATO 

centre in Melilli (Syracuse) where post mortem examinations were 

performed through a collaborative effort of pathologists from several 

Italian universities. Italian universities by providing staff and materials 

However, identification activities are actually pending due  to the inability 

of Italian government to allocate further resources for genetic testing [48]. 
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AIM OF THE STUDY 

 

In mass disasters involving subjects of several nationalities AIMs can 

contribute to the identification process by: 1) enabling the matching of 

human remains and reference samples from an unknown person’s relatives 

according to their ancestry; 2) guiding the choice of proper reference STR 

frequency databases for identity/kinship calculations. 

The availability of population-specific frequency data for forensic DNA 

markers is particularly important in the context of the recent refugee crisis, 

since genetic testing may aid the rejoining of displaced migrant families 

lacking personal documents, and the identification of drowned migrants.  

However, few data are presently found in the scientific literature for many 

of the areas of origin of migrants.  

The aim of this study was to create a reference dataset for AIM-Indel 

markers in the Tigray population. Tigray is the northernmost regional state 

of Ethiopia. The Semitic-speaking Tigray people are the fourth largest 

ethnic group in Ethiopia, reaching up to 4.5 millions, and the major ethnic 

group of neighboring Eritrea. 

As previously explained Eritrea is one of the main countries of origin of 

sub-Saharan African migrants crossing the Mediterranean sea to reach 

Europe. About one third of the refugees who died in the 18th April 2015 

accident are expected to be Eritreans. 

The ability of the AIM-Indel panel to identify Tigray individuals was tested 

in comparison to a worldwide reference panel of populations allegedly 

involved in the 18th April 2015, including sub-Saharan Africa, Northern 

Africa, Central South Asia, and Middle East. 
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MATERIALS AND METHODS 

 

1. Collection of samples 

Buccal swabs (Cultiplast, LP Italiana S.p.A) were collected from 228 

volunteers, consisting in Mekelle University (Tigray, Ethiopia) students. 

All volunteers signed an enrollment consent form including information 

regarding ethnic origin of the four grandparents, according to the latest 

(2007) Census by the Federal Democratic Republic of Ethiopia  Central 

Statistical Agency [http://www.csa.gov.et/index.php/2013-02-20-14-51-

51/2013-04-01-11-53-00/census-2007; last accessed 20 September 2017] 

(Figure 11).  

 

 

Figure 11. Ethiopian ethnic groups, listed according to population size, 

reported in the 2007 Census by the FDRE Central Statistical Agency. 
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Only consenting subject with the four grandparents of referred Tigray 

origin were analysed in the study (Figure 12).  

 

 

Figure 12. The geographic localization of the regional state of Tigray in 

Ethiopia is highlighted in red. 

 

 

 

 

 

Upon collection, buccal swabs were transferred to FTA mini cards 

(Whatman) with two sample areas per card for long term storage (Figure 

13). 
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Figure 13.  FTA Cards contain chemicals that lyse cells, denature proteins 

and protect nucleic acids from nucleases, oxidation and UV damage. Cards 

change color upon sample application to facilitate handling of colorless 

samples (like saliva). 

 

2. DNA extraction 

For DNA extraction, an area of about 1 cm x 1cm was dissected from one 

of the two sample areas of each FTA card. DNA was isolated from the 

dissected card sample using the ChargeSwitch gDNA Normalized Buccal 

Cell Kit (Invitrogen) and MagnaRack ™ magnetic separator (Life 

Technologies), according to the manufacturer’s instructions. The protocol 

generates 150 μL of eluate containing a fixed amount of genomic DNA 

corresponding to 2 ng / μL. 
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Figure 14. The MagnaRack™ magnetic separator is a two-piece magnetic 

separation rack for use in DNA purification protocols with magnetic beads, 

and consists of a magnetic base station and a removable tube rack. 

 

 

 

 

 

 

 

 

 

3. DNA amplification 

46 AIM-Indels previously described in, [49-51] and listed in Table 3. were 

analyzed in a single multiplex PCR reaction according to Pereira et al. [24]. 

 



 

53 
 

 

Table 3. AIM-Indels used in the multiplex. “*” indicates nomenclature 

according to [49] and Marshfield Diallelic Insertion/Deletion 

Polymorphisms database (http://www.marshfieldclinic.org/mgs/, last 

accessed 20 September 2017). “**” indicates Mapping data according to 

dbSNP (build 132). Sequence details of PCR primers are given in Table 4. 

 

http://www.marshfieldclinic.org/mgs/
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Table 4. PCR primer sequences used in the multiplex. Lowercase italic 

letters represent nucleotide tails added to the primers.  

  

In brief, PCR amplification of the 46 AIM-Indels used the QIAGEN 

Multiplex PCR kit (Qiagen) at 1x, 0.1 mM of all primers (sequence details  
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are given in ) and 2 ng (1 μl) of genomic DNA in a 10 μL final reaction 

volume. 

Thermocycling conditions were: initial step at 95°C for 15 min; 32 cycles 

at 94°C for 30 sec, 60°C for 90 sec, and 72°C for 45 sec; and a final 

extension at 72°C for 60 min. 

 

4. Capillary electrophoresis 

AIM-Indel profiling products were separated and detected by capillary 

electrophoresis on a 310 ABI Prism® Genetic AnalyzerTM (Applied 

Biosystems)  

Optimised polymer 4 (POP-4, i.e. 4% poly-dimethylacrylamide, 8M urea, 

5% pyrrolidinone) (Applied Biosystems) and 1X Genetic Analyzer Buffer 

with EDTA (Applied Biosystems) were used for electrophoresis. One 

microliter of PCR product was added to 24.5 μL HiDi (highly deionized) 

formamide (Sigma-Aldrich) and 0.5 μL LIZ-500TM size standard (Applied 

Biosystems). Prior to injection, samples were denatured at 95°C for 3 min 

and rapidly cooled afterwards (-20°C) for at least 3 min. Samples were then 

run (28 min) using the G5 module and capillary injection parameters set at 

15 kV for 5 sec. 

Genotyping was done with GeneMapper v3.2 software (Applied 

Biosystems) using custom panels and bin files kindly provided by C. 

Phillips (Forensic Genetics Unit, Institute of Forensic Sciences, University 

of Santiago de Compostela, Santiago de Compostela, Spain). AIM-Indel 

genotypes of control DNA 9947A provided in Santos et al. [52]  (Figure 

15) were used for data calibration. 
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Figure 15. Resuls of AIM-Indel genotyping of control DNA 9947A from 

[52] used for calibration in the present study. Indels are indicated 

according to rs number. 

 

5. Statistical analysis 

Allelic frequencies of each Indel marker in the Tigray sample, test of 

Hardy-Weinberg equilibrium, and exact test of linkage disequilibrium were 

performed by means of Arlequin software version 3.5 [53]. To account for 

multiple testing, Bonferroni correction was applied to adjust threshold p-

value. 

The Tigray sample was compared with relevant populations from a world 

wide reference panel of populations included in the HGDP–CEPH (Human 

Genome Diversity Project – Centre d’Étude du Polymorphisme Humain) 

standardized subset H952  [54, 55] previously typed by Pereira et al. [24] 

and santos et al. [52]. For analysis, Northern Africans (Algerian Mozabites) 

included in HGDP-CEPH were parcelled out the Middle Eastern (ME) 

population group and complemented with 38 additional samples from 

Morocco, kindly provided by M. Fondevila (Forensic Genetics Unit, 
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Institute of Forensic Sciences, University of Santiago de Compostela, 

Santiago de Compostela, Spain). Among sub-Saharan African populations 

typed by Pereira et al. [24]  only those potentially relevant for the current 

European migrant crisis –i.e.Mandinka from Senegal, Yoruba from Nigeria 

and Bantu from Kenya- were selected for analysis, together with 48 

additional samples from Western Africa (Ivory Coast) [56].                                                                                       

Detailed size and composition of worldwide reference samples are given in 

Table 5. 

 

POPULATION n % 

MIDDLE EAST 134   

Israel (Carmel)-Druze 42 31,35 

Israel (Negev)-Bedouin 45 33,58 

Isreal (Central)-Palestinian 47 35,07 

CSA 202   

Pakistan Brahui 21 10,39 

Pakistan Bacochi 24 11,88 

Pakistan Hazar 22 10,89 

Pakistan Makrani 25 12,38 

Pakistan Sindhi 24 11,88 

Pakistan Pathan 24 11,88 

Pakistan Kalash 23 11,38 

Pakistan Burusho 25 12,38 

China Ujgur 10 4,95 

AFRICA 95   

Kenya Bantu 11 11,58 

Nigeria Youruba  22 23,16 

Senegal Mandenka 14 14,74 

Ivory Coast 48 50,52 

NORTH AFRICA 67   

Morocco 38 57,71 

Algeria Mozabite 29 43,29 

TIGRAY 228   

 

Table 5. Composition of the worldwide reference samples which were 

compared with the Tigray dataset. 
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Population structure was analysed by means of Structure software version 

2.3.4 (https://web.stanford.edu/group/pritchardlab/structure.html, last 

accessed 20 September 2017). K values from K=2 to K=6 were evaluated 

in triplicates using the admixture LOCPRIOR ancestry model.  

In order to identify the optimal K value, posterior probability value Pr(K) 

were calculated using the Structure Harvester software 

(http://taylor0.biology.ucla.edu/structureHarvester/, last accessed 20 

September 2017).  

To transform replicated simulations of K optimal value into a single data 

set, CLUMPP software 

(https://web.stanford.edu/group/rosenberglab/clumpp.html, last accessed 20 

september 2017) was used. The final graphical output was obtained by 

means of Distruct software 

(https://web.stanford.edu/group/rosenberglab/distruct.html, last accessed 20 

September 2017). 

The Snipper web portal was used for: PCA analysis; re-classification test 

(taking each sample in turn and classifying it using the unmodified 

population reference panel); cross validation test (classifying each sample 

with a population reference panel modified to exclude only that sample); 

pairwise assignment probabilities of case samples for each pair of 

population groups (likelihood ratios, LR). 

 

 

 

 

 

 

 

https://web.stanford.edu/group/pritchardlab/structure.html
http://taylor0.biology.ucla.edu/structureHarvester/
https://web.stanford.edu/group/rosenberglab/clumpp.html
https://web.stanford.edu/group/rosenberglab/distruct.html
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RESULTS 

 

1. Genetic characterization of the Tigray reference population 

Allelic frequencies of the 46 Indel markers are reported in Table 5, together 

with p-values of  Hardy-Weinberg equilibrium test.  

rs number MID Deletion Insertion TAS p-value 

rs2307666 MID-1470 50.88% 49,12% 

 

1 

rs1610863 MID-777 20,83% 79,17% 

 

0.06926 

rs16635 MID-196 54,39% 45,61% 

 

0.14446 

rs1610965 MID-881 69,96% 30,04% 

 

0.15831 

rs35451359 MID-3122 83,55% 16,45% 

 

0.00273 

rs140837 MID-548 18,20% 81,80% 

 

0.65564 

rs1160893 MID-659 20,70% 79,30% 

 

0.00169 

rs2308203 MID-2011 41,19% 58,81% 

 

0.00168 

rs33974167 MID-2929 75,11% 24,89% 

 

0.00438 

rs1160852 MID-593 33,55% 66,45% 

 

0.65969 

rs1610884 MID-798 55,04% 44,96% 

 

0.89383 

rs2067280 MID-1193 23,90% 76,10% 

 

0.58445 

rs2308067 MID-1871 16,96% 83,04% 

 

0.00004 

rs4183 MID-17 51,56% 48,44% 

 

0.00000 

rs3054057 MID-2538 25,55% 74,45% 

 

0.00433 

rs2307840 MID-1644 65,42% 34,58% 

 

0.00042 

rs60612424 MID-3854 32,46% 67,54% 

 

0.45194 

rs3033053 MID-2275 31,80% 68,20% 

 

0.87850 

rs16384 MID-94 22,81% 77,19% 

 

0.45105 

rs34611875 MID-3072 67,11% 32,89% 

 

0.45755 

rs1610859 MID-772 91,67% 8,33% 

 

0.65787 

rs3045215 MID-2313 26,87% 73,13% 

 

0.00283 

rs25621 MID-397 68,86% 31,14% 

 

0.75982 

rs2307832 MID-1636 62,72% 37,28% 

 

0.15662 

rs16343 MID-51 52,41% 47,59% 

 

0.10671 

rs3031979 MID-2431 16,89% 83,11% 

 

0.23785 

rs34122827 MID-2264 37,72% 58,11% 4,17% 0.36310 

rs133052 MID-2256 6,80% 93,20% 

 

0.07215 

rs6490 MID-128 14,32% 85,68% 

 

0.00289 

rs4181 MID-15 57,68% 42,32% 

 

0.58682 

rs3030826 MID-2241 52,86% 47,14% 

 

0.00237 

rs140708 MID-419 86,84% 13,16% 

 

0.24286 
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rs1611026 MID-943 46,92% 53,08% 

 

0.00343 

rs16438 MID-159 58,77% 41,23% 

 

0.09970 

rs2308161 MID-2005 42,95% 57,05% 

 

0.00182 

rs16687 MID-250 80,26% 19,74% 

 

0.20653 

rs2307998 MID-1802 29,07% 70,93% 

 

0.00018 

rs2307803 MID-1607 24,34% 75,66% 

 

0.10777 

rs2307930 MID-1734 79,82% 20,18% 

 

0.30047 

rs25630 MID-406 33,70% 66,30% 

 

0.00336 

rs2307582 MID-1386 8,77% 91,23% 

 

0.68347 

rs2307922 MID-1726 40,13% 59,87% 

 

0.89010 

rs11267926 MID-3626 38,00% 62,00% 

 

0.00000 

rs25584 MID-360 62,61% 35,18% 2,21% 0.00032 

rs2307799 MID-1603 26,65% 73,35% 

 

0.00313 

rs34541393 MID-2719 39,43% 60,57% 

 

0.00019 

 

Table 5 – Allele frequencies in the Tigray population of Indel markers. 

TAS: third allelic state. In the rightmost column, p-values of HWE test are 

shown. Significant p-values after Bonferroni correction are highlighted in 

yellow. 

For two of the tested markers (rs34122827-MID2264, rs25584-MID360), 

presence of a third allelic state observed in previous studies [24, 52] was 

confirmed in the Tigray population. For rs25584-MID360 the third allelic 

state observed is due to a T insertion associated with the short allele, 8 

bases downstream of the targeted polymorphism (allele 1D8Tins). 

Conversely for rs34122827-MID2264, allele 3 corresponds to a T deletion 

occurring in the long allele background (allele 2D68Tdel). Notably, 

rs34122827-MID2264 was previously described as a variant observed with 

the highest frequency in European populations, whereas rs25584-MID360 

was only seen within African continent  [24]. It can be seen from Figure A 

that TAS of rs25584-MID360 is present in Tigray, but at a frequency which 

is half (2.2%) of that observed in other African populations (4.8-4.9%). On 

the other hand, frequency of TAS at rs34122827-MID2264 is line with that 

found in other non-sub-Saharan African populations. 
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Figure 16. Frequency of TAS in Tigray and sub-Saharan African (AFR), 

Middle Eastern (ME) North African (NAFR) and Central Southern Asian 

populations. 

 

Seven of the 46 markers resulted not in HWE. Deviation from HWE were 

non previously observed in HGDP-CEPH samples. In all cases, with the 

exception of rs25584-MID360, significance was due to a reduction in 

observed heterozygosity compared to expected heterozygosity (Table 6). 

rs number MID Obs.Het. Exp.Het. P-value 

rs2308067 MID-1470 0.23246 0.28858 0.00004 

rs4183 MID-17 0.49123 0.51355 0.00000 

rs2307840 MID-1744 0.39912 0.45823 0.00042 

rs2307998 MID-1802 0.35965 0.41847 0.00018 

rs11267926 MID-3626 0.45175 0.48592 0.00000 

rs25584 MID-360 0.50877 0.49378 0.00032 

rs34541393 MID-2719 0.40789 0.48326 0.00019 

  

Table 6. Observed and expected heterozygosity in Indel markers not in 

HWE. 
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Multiple explanations could be given for this observation: differences in 

sampling strategy and size; possible inbreeding in the Tigray population; 

allele drop out (interested loci are constantly among those with larger 

amplicon size in the adopted PCR multiplex, and therefore more subject to 

DNA degradation and reduced PCR efficiency).                                       

Test of LD showed that about 1% (11 out of 1035) pairwise comparisons 

displayed significant associations between alleles. All significant 

comparisons involved markers located on different chromosomes, with the 

sole exception of MID-943 and MID-1802, both located on chromosome 5 

but yet 75 Mb from each other. Sporadic occurrence of apparent LD 

between Indel markers included in the panel was previously observed in 

other population groups [52]. However LD observed between a specific 

pair of markers (including Tigray data) was never replicated in other 

population groups. Such results collectively point towards an absence of 

real associations between the Indel markers at the population level, 

permitting a conventional Structure cluster analysis of our data without the 

need for a linkage model [57]. 
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2. Genetic ancestry analysis 

Structure harvester analysis identified K=3 as the optimal K value to 

explain genetic variation in the tested populations (Figure 17). 

 

 

 

Figure 17. Posterior probability (upper left pane) and delta K (upper right 

pane) plots obtained with Structure Harverster. The optimum K value K=3 

corresponds to the point where the plateau in the posterior probability 

starts with maximum delta K value (lower pane). 

 

At K=3, ancestry proportions in the Tigray sample were highly 

homogeneous, and well differentiated from other populations, with the 

exception of Northern Africans, as shown by the bar plot obtained with 

Distruct software (Figure 18).  
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Figure 18. Bar plot obtained with Structure software (K=3). Each bar 

represents one individual. Ancestry contribution of the 3 putative 

populations is displayed in different colors. 

 

These results were mirrored in triangular plots (figure 19) directly obtained 

from Structure software, in which Tigray samples form a compact cluster 

(yellow dots), close to NAFR (purple dots), in between AFR (blue dots) 

and ME (green dots) samples. 

 

 

Figure 19. Triangular plot obtained with Structure software (K=3). 
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The clear separation of the Tigray population from other sub-Saharan 

African samples is also evident in PCA. Results for the first and second 

principal component obtained by means of the Snipper App Suite are 

shown in Figure 20. 

 

Figure 20. PCA plot obtained with Snipper App Suite. Color legend is 

shown in the upper left angle of the graph. 
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Classification accuracy in the Tigray sample from re-classification and 

cross validation analysis performed with the Snipper App Suite is 

summarized in Table 8. 

Re-classification was done taking each sample in turn and classifying it 

using the unmodified population reference panel. In cross validation, each 

sample was classified with a population reference panel modified to 

exclude only that sample) tests were performed. Classification accuracy in 

the Tigray sample was 85.1% (re-classification) and 47.8% (cross-

validation), with most of the wrong assignations being NAFR (11.4%, and 

43.0%, respectively). 

 

 

RE-CLASSIFICATION TEST 

 

TIGRAY AFR NAFR ME CSA 

TIGRAY  85.09% 0.44% 11.40% 1.75% 1.32% 

AFR  0.00% 100.00% 0.00% 0.00% 0.00% 

NAFR  7.46% 1.49% 79.10% 4.48% 7.46% 

ME  1.49% 0.75% 6.72% 78.36% 12.69% 

CSA  2.97% 0.00% 3.96% 13.37% 79.70% 

CROSS VALIDATION TEST 

 

TIGRAY AFR NAFR ME CSA 

TIGRAY  47.81% 3.07% 42.98% 3.51% 2.63% 

AFR  0.00% 100.00% 0.00% 0.00% 0.00% 

NAFR  2.99% 1.49% 44.78% 38.81% 11.94% 

ME 0.00% 0.75% 1.49% 50.00% 47.76% 

CSA 1.49% 0.50% 0.00% 1.49% 96.53% 

 

Table 8. Results of re-classification and cross validation tests: population 

of origin is indicated in the leftmost column. 
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In the re-classification test, 85% of Tigray samples were correctly assigned 

as Tigray. Excluding AFR, for which a 100% re-classification success was 

observed, the outcome for Tigray is superior to that observed in re-

classification of other populations (<80%). 

Cross validation results, however, indicate that discrimination between 

Tigray and NAFR is difficult, with 43% of Tigray samples wrongly 

identified as NAFR. Interestingly, only 3% of NAFR samples are classified 

as Tigray, with misclassification mostly involving ME populations (39%).  

Comparison with the previous cross validation test performed by Santos et 

al. [52], it can be seen that  the inclusion of a Tigray reference sample in 

the analysis, and the separation of NAFR from ME populations, improves 

classification of both ME and CSA populations. The percentage of correct 

assignement for ME increases to 50% from 46%, and for CSA to 97% from 

90%. Classification success of AFR populations remain 100% in both 

datasets. 

 

3. Using the Tigray reference population sample as training set for 

ancestry inference 

In order to evaluate the ability of the AIM Indel panel to correctly identify 

Tigray samples in a real case scenario, the Tigray sample set was randomly 

split in a training set of 128 individuals, and a test set of 100 individuals, 

the last set representing hypothetical case samples. Classification 

probabilities of case samples were calculated, according to allele frequency 

distributions found in Tigray and worldwide training sets. Of the 100 

“unknown” samples, 82% were correctly classified as Tigray. Assignment 

errors mostly involved NAFR (12%) and more rarely AFR (1%), CSA 

(2%) and ME (3%). 
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In Table 9, samples are listed according to descending order of divergence. 

It can be seen that all 46 Indel markers contributed to accumulate 

divergence.   

 

rs number MID Divergence Accumulated 

rs34611875 MID-3072 0,5143 0,514297 

rs25630 MID-406 0,4633 0,977595 

rs1160852 MID-593 0,4546 1,43222 

rs2307840 MID-1644 0,4085 1,84072 

rs2307832 MID-1636 0,3961 2,23686 

rs2308161 MID-2005 0,3863 2,62313 

rs60612424 MID-3854 0,3852 3,00828 

rs35451359 MID-3122 0,3839 3,39218 

rs2307998 MID-1802 0,3706 3,76277 

rs2308203 MID-2011 0,36 4,12282 

rs6490 MID-128 0,3595 4,4823 

rs16343 MID-51 0,3486 4,83085 

rs1611026 MID-943 0,3426 5,17343 

rs3054057 MID-2538 0,3412 5,51466 

rs2308067 MID-1871 0,3361 5,85076 

rs133052 MID-2256 0,3315 6,18223 

rs4183 MID-17 0,326 6,50819 

rs11267926 MID-3626 0,3213 6,8295 

rs140708 MID-419 0,3212 7,15071 

rs2307922 MID-1726 0,3179 7,46858 

rs1610965 MID-881 0,3173 7,78583 

rs1610859 MID-772 0,3172 8,10298 

rs3030826 MID-2241 0,3166 8,4196 

rs16384 MID-94 0,3144 8,73403 

rs3031979 MID-2431 0,3051 9,03918 

rs2307666 MID-1470 0,3032 9,34236 

rs2307582 MID-1386 0,2984 9,64075 

rs3045215 MID-2313 0,2968 9,93751 

rs1160893 MID-659 0,2956 10,2331 

rs4181 MID-15 0,2908 10,524 

rs2307799 MID-1603 0,2885 10,8125 

rs1610884 MID-798 0,2876 11,1002 

rs2307803 MID-1607 0,2864 11,3866 

rs1610863 MID-777 0,2823 11,6689 
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rs2307930 MID-1734 0,2798 11,9487 

rs16687 MID-250 0,2783 12,227 

rs140837 MID-548 0,2782 12,5052 

rs33974167 MID-2929 0,2754 12,7806 

rs2067280 MID-1193 0,2747 13,0553 

rs3033053 MID-2275 0,2731 13,3285 

rs25621 MID-397 0,2623 13,5907 

rs16438 MID-159 0,2619 13,8527 

rs34541393 MID-2719 0,2617 14,1144 

rs16635 MID-196 0,2543 14,3686 

rs25584 MID-360 0,215 14,5836 

rs34122827 MID-2264 0,2033 14,7869 

 

Table 9. List of AIM Indel ordered according to their divergence rate 

between population training sets. 

 

Ranked pairwise assignment probabilities of case samples for each pair of 

population groups (likelihood ratios, LR) are plotted in Figure 2.1 

 

Figure 21. Plot of ranked assignment probabilities:  on the y axis, LR is a 

log scale of the likelihood ratio of Tigray vs AFR, NAFR, ME and CSA 

classification probabilities observed in  the 100 case samples (x axis). 
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It can be seen that the number of unknown samples with extremely high LR 

values (>105) in favor of a Tigray rather than AFR origin was large (85%), 

whereas LR values below that threshold were mostly obtained from 

pairwise comparisons with CSA (71%), ME (89%) and NAFR (100%). In 

samples with LRs favoring non-Tigray origin, values were always below 

100.                                                                                                                            

Table 10 reports classification outcomes when applying different LR 

threshold values to the interpretation of “case” samples. Even for small 

LRs (i.e. 10), the probability of misclassifying Tigray case samples was 

almost negligible (≤2%). However, the percentage of inconclusive tests 

was considerable for CSA (9%) and ME (17%), and exceedingly high for 

NAFR (46%).  

 

 

LR Assignment 

 Correct Wrong Inconclusive 

 vs AFR 

10 99% 1% 0% 

100 98% 1% 1% 

1000 94% 0% 6% 

10000 92% 0% 8% 

100000 85% 0% 15% 

 vs NAFR 

10 52% 2% 46% 

100 16% 1% 83% 

1000 6% 0% 94% 

10000 1% 0% 99% 

100000 0% 0% 100% 

 vs ME 

10 82% 1% 17% 

100 69% 0% 31% 

1000 45% 0% 55% 

10000 25% 0% 75% 

100000 11% 0% 89% 
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 vs CSA 

10 90% 1% 9% 

100 79% 0% 21% 

1000 67% 0% 33% 

10000 51% 0% 49% 

100000 29% 0% 71% 

 

Table 10. Classification outcome of Tigray “case” samples vs different 

population groups adopting variable LR thresholds. 
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DISCUSSION 

 

Present-day Ethiopia shows a substantial amount of geographic, cultural 

and human diversity, with 93 officially recognized ethnic groups and  two 

major language families: Afro-Asiatic (subdivided in Omotic, Semitic, and 

Cushitic branches), and Nilotic. 

Genome-wide analysis of Ethiopian samples representing a range of 

geographical regions and all four linguistic groups [58] indicates that in 

PCA plots the Ethiopian cluster, taken together, spans half of the space 

delimited by all the African populations. Within Ethiopia, samples are 

separated according to their linguistic origin, with linguistic clustering 

more important than geographical structure. 

The Semitic-speaking (including Tigray) and Cushitic-speaking Ethiopians 

stand out as a relatively uniform set characterized by a strong (40%–50%) 

non-African component. This confirm previous genetic studies of lineage 

markers that indicate that a major component of recent Ethiopian ancestry 

originates outside Africa: for example, half of the mtDNA haplotypes [59]   

and more than one-fifth of Y haplotypes [60] found in Ethiopia belong to 

lineages that, on the basis of phylogeographic criteria, have been attributed 

to a non-African rather than a sub-Saharan African origin. 

Structure analysis of AIM-indel genotyping results in the Tigray population 

confirm this observation with non-African ancestry proportion  (blue 

component in the obtained bar plot, also predominant in North Africa and 

Middle East)   outweighing the red African component. 

Consequently, it was possible to show that the compact set of 46 AIM-

Indels is effective at capturing the genetic differences previously observed 

at genome-wide level between Semitic/Cushitic-speaking Ethiopians and 

other sub-Saharan African populations. Though in the study by Pagani et 

al. only a French sample was used as a reference group for the non-African 
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component it is clear that the origin of the non-African component in the 

Semitic/Cushitic Ethiopian gene pool is not Asian (green component in the 

obtained bar plot), thus leading to satisfactory ancestry inference of Tigray 

samples when compared to Central-South Asia. 

When searching for the non-African genetic component of Semitic/Cushitic 

Ethiopian, analysis of whole genomes, shows that modern Yemeni, 

Egyptians, and Moroccans are the closest populations. However, limiting 

the analysis to "non-African haplotypic windows" a prevalence of Egyptian 

and Middle Eastern contribution id found [58]. 

The hypothesis of gene flow from the Levant into Ethiopia is consistent 

with both the model of Early Bronze Age origins of Semitic languages and 

the reported age estimate (2.8 kya) of the Ethio-Semitic language group 

[10]. 

In this study Ethiopian Tigray were compared with reference sets from both 

Northern Africa (Algeria, Morocco), and the Middle East (Drouze, 

Bedouin and Pelestinians from Israel). Both ancestry proportion analysis 

and PCA, in this case, point out to a scenario closer to that obtained from 

whole genome data, i.e. genetic affinity of Tigray with Northern Africa 

rather than Middle East. This is also reflected in the strikingly different 

efficiency of the AIM-Indel assay in differentiating Tigray samples from 

Northern African (low) and Middle East (high). 

When considering the characteristics of the present European refugee 

crisis, the performance of the 46-plex AIM_indel set can be judged as 

satisfactory.   

In recent years, fatal events involving Norther African individuals 

represented a rare occurrence: none was registered in 2014 and 2015, 

whereas they were 55 and 9 in 2016 and 2017, respectively 

(https://missingmigrants.iom.int/region/mediterranean, last accessed 20 

september 2017). This must be compared with over 1000 fatalities yearly 

https://missingmigrants.iom.int/region/mediterranean
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affecting sub-Saharan African migrants in the same period (686 in 2017, so 

far). Deaths among Central-South Asia migrants, as well, were a relevant 

phenomenon at least in 2015 and 2016 (422 and 284 casualities, 

respectively). In particular, according to surviving witnesses, no Northern 

Africans are expected to be found among the victims of the 18th April 2015 

accident, which represented the prime motivation of this study. 

Indubitably, development of genetic tools allowing a better discrimination 

between East and Northern Africans is desirable. With this in mind, typing 

of an additional SNP-based AIM assay [61] in the Tigray population is 

currently under way and expected to further increase discrimination 

capacity. 

That said, given the present scarceness of AIM data on Eastern African 

populations, the obtained results, highlighting the difficulty in effectively 

distinguishing between Tigray and Northern Africans, represent an 

important piece for information for the forensic community. AIMs have 

been used in recent years not only in DVI efforts, but also to provide police 

forces with investigative leads, that is indications regarding the putative 

ethnic origin of the donor of relevant stains found at the crime scene [43]. It 

is evident how the erroneous assignment of Northern African ancestry to a 

trace deposited by an Eastern African (or vice versa) could indeed hamper 

intelligence activities. Consequently the substantial overlap found for the 

two population groups with currently available AIM-Indels must be 

carefully taken into account during investigations. 
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