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A B S T R A C T   

Short tandem repeat (STR) markers are commonly used in forensic investigations and kinship testing due to their 
cost-effectiveness and high discriminatory power. In the United Kingdom, STR allele frequency databases are 
available for different population groups, including the White group, which includes individuals of both English 
and Irish ethnicity. However, considering differences in historical migrations and influences between England 
and Ireland, distinct genetic differences might exist between these populations. This study aimed to generate 
allele frequency data for English and Irish populations using the VeriFiler Express PCR Amplification Kit, which 
contains loci utilised in national databases. Buccal swabs were collected from 577 English and 500 Irish vol
unteers with self-proclaimed English and Irish ethnicity respectively. DNA profiling and statistical analyses were 
performed to assess allele frequencies and forensic parameters, and to perform population comparisons. The 
results showed minimal genetic differentiation (Fst = 0.0013) between the English and Irish populations. 
Comparison with other European populations revealed close genetic relationships between the English popula
tion and Scandinavian countries, while the Irish population displayed closer genetic links to Western European 
countries. These findings support historical influences such as Viking migrations and highlight the need for 
further research using additional markers to explore the genetic makeup and history of the English and Irish 
populations. Although a single allele frequency database may be suitable due to the observed genetic similarity, 
the establishment of separate databases should be considered to ensure maximum population representation.   

1. Introduction 

Short tandem repeat (STR) markers are regions of hyper-variable, 
non-coding DNA widely used in forensic investigation and kinship 
testing. Compared to other techniques for DNA profiling, they represent 
a cheap, quick, and simple testing method which can provide a high 
power of discrimination. An additional advantage of STR typing is the 
availability of various population data, which aid in the calculation of 
match probabilities and likelihood ratios. These parameters require the 
use of the best representative allele frequency database for the popula
tion of the individual under evaluation [1]. 

In the United Kingdom, the Home Office uses separate allele fre
quency databases for five main population groups. Among these, one is 
the White group, which includes White British, Irish, and Other White 
[2]. In order to provide meaningful statistical calculations, it is impor
tant to use allele frequency databases representative of the populations 

in which the STR kits are utilised [3–5]. This is because global databases 
would lack the necessary individual representation provided by more 
local databases [6]. However, the British (including English) and Irish 
populations have nonetheless been combined for the creation of the 
White allele frequency database despite the differing histories of 
emigration and immigration of these populations. 

One of the first recorded migrations in the history of England and 
Ireland dates back to A.D. 43, when the Romans invaded and settled in 
England. Even though they never conquered Ireland, there is evidence of 
trading between the Romans and the Irish during this time [7,8]. The 
next recorded mass migration did not take place until A.D. 793, when 
the Norse Vikings entered England and, in A.D. 795, started raiding Irish 
monasteries along the coast before moving further inland. In A.D. 849 
the Danish Vikings arrived in England and fought the Norse Vikings [9, 
10]. The final Viking landing took place in 1066 when the Normans, an 
intermingling population between Norse Viking settlers and indigenous 
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people [11,12], landed from France, resulting in the Battle of Hastings. 
Later on, in 1169 the Anglo-Normans invaded Ireland through Wexford, 
followed shortly thereafter by Henry II’s invasion [13,14]. During the 
16th and 17th century plantation period, there was a continuous 
movement of British people to Ireland. Concurrently, Norman and 
Gaelic lands were being colonised by English and Scottish settlers [13]. 
Between 1846 and 1851 the Irish Potato Famine killed 1.1–1.5 million 
Irish from both starvation and famine-related diseases. During this time, 
2.1 million Irish emigrated from Ireland to countries all over the world, 
including North America, Australia, South Africa, and Canada, as well as 
Britain [15,16]. During the 1920s, Irish migration was predominantly to 
Britain, while since World War II (WWII) Irish migrants started return
ing, becoming the main source of immigration into Ireland [17]. 

Due to the aforementioned shared Viking and Scottish influence and 
the intermingling of the two populations caused by continuous move
ments between the two countries, it may be expected that the English 
and Irish populations would be genetically similar. However, the lack of 
Roman influence in the Irish genetic pool and the intermixing of Irish 
DNA with DNA from all over the world resulting from Irish emigration 
and return post-WWII may have led to distinct differences between the 
populations. 

On this basis, this study was carried out to generate allele frequencies 
for the English and Irish populations and evaluate if separate databases 
would be required for these populations. The VeriFiler Express PCR 
Amplification Kit (Applied Biosystems), one of the most popular STR 
testing kits available on the market, was selected since it contains, 
among others, the ‘DNA-17’ loci utilised in the United Kingdom National 
DNA Database (NDNAD) [2], the United States Combined DNA Index 
System (CODIS) markers [18], and the European Standard Set (ESS) loci 
[19]. This combination of markers makes the kit ideal for the creation of 
national databases. This kit utilises a 6-dye multiplex technology to 
amplify 23 autosomal STR loci (D3S1358, vWA, D16S539, CSF1PO, 
TPOX, D8S1179, D21S11, D18S51, Penta E, D2S441, D19S433, TH01, 
FGA, D22S1045, D5S818, D13S317, D7S820, D6S1043, D10S1248, 
D1S1656, D12S391, D2S1338, and Penta D) as well as two 
sex-determining markers; Y indel and Amelogenin [20]. Data from both 
populations were also compared with data sets from nearby countries to 
evaluate genetic differences and gain more insight into genetic distances 
and closeness between English and Irish populations. 

2. Materials and methods 

2.1. Population samples 

A total of 577 English (341 males and 236 females) and 500 Irish 
(323 males and 177 females) population samples were collected from 
unrelated individuals aged 21–60 (mean age 34.2) after obtaining 
informed consent. All samples were collected from various locations 
across the United Kingdom from random volunteers with English and 
Irish self-proclaimed ethnicity for three generations. Efforts were made 
to ensure a diverse representation of volunteers by including partici
pants with English and Irish ethnic backgrounds from different regions, 
to obtain a sample pool that reflects the genetic diversity of the broader 
population in the United Kingdom. Ethical approval was granted by the 
University of Lincoln (Ethics reference: 2021_6560). The ethical prin
ciples outlined in the Helsinki declaration for research involving human 
subjects were also followed [21]. 

Prior to sampling, volunteers were requested not to consume any 
food or drink for 30 min. Buccal swab samples were then collected. The 
cotton end of the swab was rubbed against the inside of the cheek for 30 
s and allowed to air-dry at room temperature for another 30 s. The swab 
was then placed into a labelled, sealable envelope. 

2.2. DNA profiling 

DNA was extracted using the Prep-n-Go Buffer (Applied Biosystems) 

reagent with room temperature protocol, as previously described [22]. 
DNA quantification was performed on QuantStudio 5 Real-Time PCR 
System (Applied Biosystems) using Quantifiler HP DNA Quantification 
Kit (Applied Biosystems) following the manufacturer’s recommenda
tions. The DNA samples were then processed employing a reduced 
volume method for the VeriFiler Express PCR Amplification Kit (Applied 
Biosystems) [23]. Variant alleles were reprocessed for confirmation. 

2.3. Quality control 

Developed DNA profiles were checked in Microsoft Excel for any 
duplicate or closely related profiles using the add-in GenAlEx 6.503 
[24]. All population data were then submitted and passed STRidER 
quality control (STR000410 and STR000411) [25]. 

2.4. Statistical analysis 

Forensic and population genetic parameters, and the principal 
component analysis (PCA) plot were generated using the online tool 
STRAF 2.1.51: STR Analysis for Forensics [26]. The English and Irish 
populations were compared with other European population data 
(Austria, Belgium, Denmark, France, Germany, Ireland, Norway, 
Slovenia, Spain, Sweden, and Switzerland) using the phylogenetic tree 
option available on the STRAF tool, with allele frequencies from the 
STRidER database. 

3. Results and discussion 

3.1. Allele frequencies and forensic parameters 

Allele frequencies and forensic parameters for both populations are 
available in Table S1. The alleles with the highest frequency for the 
English population were allele 8 at locus TPOX (0.5442), allele 16 at 
locus D22S1045 (0.4090), and allele 11 at locus D5S818 (0.3744). For 
the Irish population, the highest frequency alleles were allele 8 at locus 
TPOX (0.5250), allele 12 at locus D5S818 (0.4070), and allele 15 at 
locus D22S1045 (0.3900). Hence, allele 8 at TPOX was the highest fre
quency allele in both populations. 

For both populations the most discriminatory locus was D1S1656, 
with PD of 0.9801 and 0.9766 for the English and Irish populations 
respectively. Evaluation of Hardy-Weinberg equilibrium (HWE) 
revealed, for each population, one locus below the significant p-value 
(0.05); locus D5S818 (p-value = 0.0259) in the English population, and 
locus TPOX (p-value = 0.0453) in the Irish population. These deviations 
from the HWE could be due to incorrect self-declaration of ethnicity, 
population size, population substructure, inbreeding, or selection [6, 
27]. Another common cause of disequilibrium is genotyping error. 
Primer binding site mutations generating null alleles are frequently 
encountered during STR typing, potentially leading to rare homozygotes 
that can generate significant deviations from HWE [28]. Sequence-based 
STR analysis would reveal more alleles, but the HWE could remain 
unchanged [29]. 

3.2. Variant alleles 

Variant alleles are alleles not covered by the bin set of a kit [30]. Two 
variant alleles were detected in the English population; allele 18.1 at 
locus D1S1656 and allele 29 at locus D12S391. Only one variant allele 
was detected in the Irish population; allele 14.4 at locus Penta D. Allele 
29 at locus D12S391, which was outside the marker range on the Veri
Filer Express PCR Amplification Kit, was confirmed by using the SureID 
27comp Human DNA Identification Kit (Health Gene Technologies), 
which also contains locus D12S391, but with different allele sizes and 
loci order (Fig. 1). 

All of these variant alleles have been previously reported in the on
line database of the National Institute of Standards and Technology 
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(NIST) Population Dataset (STRBase; https://strbase.nist.gov/) [31]. 
However, they have not been reported in other databases, such as The 
European Network of Forensic Science Institutes (ENFSI) DNA working 
group STR population database (STRidER; https://strider.online/) [25] 
and ALFRED, the Allele Frequency Database (https://alfred.med.yale. 
edu/) [32]. 

3.3. English and Irish populations comparison 

The principal component analysis of the English and Irish pop
ulations revealed high genetic similarity between them (Fig. 2). In fact, 
the first two principal components (PC1 and PC2) accounted for only a 
small percentage of the total variance (0.88% and 0.86% respectively), 
highlighting nearly equal variances. 

In addition, the pairwise Fst value calculated between the two pop
ulations was 0.0013, confirming the lack of genetic differentiation when 
employing the STR markers used in this study. Generally, smaller Fst 
values indicate geographical relationships and are observed between 
populations with shared origins [33]. The size of this Fst also resembles 
the Fst estimate obtained between populations of Britain and Irish of 
Gaelic ancestry in a previous study [34]. 

3.4. Comparison with other European populations 

In the population comparison study carried out on STRAF tool, only 
14 loci (D3S1358, D16S539, D8S1179, D21S11, D18S51, D2S441, 
D19S433, TH01, FGA, D22S1045, D10S1248, D1S1656, D12S391, and 
D2S1338) shared with other populations from the STRidER database 
were used to generate the phylogenetic tree shown in Fig. 3. 

This phylogenetic tree indicated a close genetic relationship between 
the Irish population retrieved on the STRidER database and this study’s 
Irish population. Both these Irish populations clustered in the same 
group and exhibited close genetic links to Austrian, Belgian, German, 
and Swiss populations. The English population, on the other hand, 
appeared more closely related to Danish, Swedish, and Norwegian 
populations. 

Fig. 1. Electropherograms showing the rare alleles found in the English and Irish population samples: allele 18.1 at locus D1S1656 (A), allele 14.4 at locus Penta D 
(B), and allele 29 at locus D12S391 (C1), which was confirmed with the SureID 27comp Human DNA Identification Kit (C2). Allelic ladder for the relative markers is 
also showed. OL = Off Ladder, OMR = Outside Marker Range. 

Fig. 2. PCA plot showcasing the genetic relationship between English and Irish 
populations. PC1 = Principal Component 1, PC2 = Principal Component 2. 
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The history of England and Ireland suggests that the English and Irish 
populations experienced strong genetic influence from Scandinavia, 
along with potential French influence. A genome-wide ancient DNA 
study by Gretzinger et al. [35] found English DNA, and not Irish, to have 
experienced significant French influence, while this study revealed a 
closer genetic relationship between French and Irish rather than French 
and English populations. Gretzinger et al. also reported close genetic 
relationships between England, Germany, and Denmark, and while the 
present study supports the finding of genetic closeness between England 
and Denmark, it also indicates that Ireland might be more closely linked 
to the German rather than the English population. 

Krzewińska et al. [36] used next-generation sequencing to study 
mitochondrial DNA polymorphisms and found the Viking-age Norwe
gian population to be genetically similar to modern Scandinavian, En
glish, and Scottish populations. This substantiates the genetic distance 
results obtained between England, Norway, Sweden, and Denmark in 
the present study. 

A genome sequencing investigation by Margaryan et al. [37] found 
Norwegian-like ancestry to be present in Ireland. However, the current 
study did not identify any close genetic relationships between Ireland 
and Norway, instead, genetic closeness was observed between England 
and Norway. Margaryan et al. also reported the presence of Danish-like 
ancestry in England, but the Viking Age Danish-like ancestry in the 
British Isles cannot be distinguished from Angles, Saxons, and Jutes, 
who migrated from present-day northern Germany and Denmark around 
1,500 years ago. The Danish influence on English DNA is supported by 
the genetic closeness observed between England and Denmark in the 
current study. However, while Ireland and Germany showed genetic 
closeness, a similar genetic relationship would have been expected be
tween England and Germany, which in this case was not observed. 

The Roman invasion could also have influenced the English genetic 
pool as they settled in England but never invaded Ireland [8,9]. How
ever, historical records report that auxiliary units from the western 
Roman empire, especially Batavians from Germania Inferior province, 
Tungrians from Gallia Belgica province, and Gallians from Gallia Lug
dunensis province, were recruited by the Romans for this conquest [38]. 
This would support the findings of Gretzinger et al. [35] and would 
indicate little influence of Italian DNA in the English genetic pool, but 
due to the limited number of available populations on the STRidER 
database, the relationship with the Italian population was not explored 
in the current investigation. 

4. Conclusions 

In this study, allele frequencies for the English and Irish populations 

were generated using the VeriFiler Express PCR Amplification Kit. 
Forensic parameters, genetic similarities between the two populations, 
and genetic relationships with other nearby countries were also 
determined. 

The results showed minimal genetic differentiation, and instead, 
close genetic similarity between the English and Irish populations, 
which could be due to shared genetic ancestry, historical influences, and 
geographical proximity. Comparison with other European populations 
revealed distinct genetic relationships, with the English population 
appearing more closely linked to Scandinavian countries and the Irish 
population exhibiting closer genetic links to Western European coun
tries. Interestingly, the genetic links obtained in this study appeared 
both in accordance and in contrast with previous published data. 

The findings suggest that historical migrations and the intermingling 
of populations between England and Ireland have contributed to their 
genetic similarities. However, certain factors such as the lack of Roman 
influence in the Irish genetic pool and the impact of Irish emigration and 
return post-WWII may have led to distinct differences between the two 
populations which may not have been captured by the kit used in the 
current investigation. 

While the observed genetic similarity supports the use of a single 
allele frequency database for both populations, further research using 
additional genetic markers is warranted to better understand the genetic 
makeup and history of England and Ireland, as well as their genetic 
relationship with other nearby countries. Additionally, the study high
lights the need to explore the establishment of separate databases to 
ensure maximum representation for statistical calculations and forensic 
purposes. 

Overall, this research contributes to our knowledge of the genetic 
relationships between English and Irish populations and provides in
sights into their shared ancestry and genetic characteristics. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Appendix A. Supporting information 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.fsir.2023.100334. 

Fig. 3. Phylogenetic tree showing the English and Irish populations from this study, denoted with an asterisk (*), in comparison with 11 European populations from 
the STRidER database. 
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